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10.

11.

12.

13.

Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LS|, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused
pins should be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become
stable. When switching the clock signal during program execution, wait until the target clock
signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different type number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different type numbers, implement a system-evaluation test for
each of the products.
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1.

How to Use This Manual

Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this
LSI to the target users, i.e. those who will be using this LSI in the design of application
systems. Target users are expected to understand the fundamentals of electrical circuits, logic
circuits, and microcomputers.

This manual is organized in the following items: an overview of the product, descriptions of
the CPU, system control functions, and peripheral functions, electrical characteristics of the
device, and usage notes.

When designing an application system that includes this LSI, take all points to note into
account. Points to note are given in their contexts and at the final part of each section, and
in the section giving usage notes.

in the manual.

The list of revisions is a summary of major points of revision or addition for earlier versions.
It does not cover all revised items. For details on the revised points, see the actual locations

The following documents have been prepared for the H8SX/1651 Group. Before using any of
the documents, please visit our web site to verify that you have the most up-to-date available
version of the document.

Document Type Contents Document Title Document No.

Data Sheet Overview of hardware and electrical — —
characteristics

Hardware Manual Hardware specifications (pin H8SX/1651 Group This manual
assignments, memory maps, Hardware Manual

peripheral specifications, electrical
characteristics, and timing charts)
and descriptions of operation

Software Manual

Detailed descriptions of the CPU H8SX Software Manual REJ09B0102
and instruction set

Application Note

Examples of appl
sample programs

ications and The latest versions are available from our
web site.

Renesas Technical
Update

Preliminary report on the
specifications of a product,

document, etc.
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2. Description of Numbers and Symbols

Aspects of the notations for register names, bit names, numbers, and symbolic names in this
manual are explained below.

(1) Overall notation

In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms
"module name"."register name"."bit name" or "register name"."bit name".

(2) Register notation
The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.
[Example] CMCSR_0: Indicates the CMCSR register for the compare-match timer of channel 0.

(38) Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAOQ or OXEFAO
Decimal: 1234

(4) Notation for active-low

An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF

(4) @

14.2.2 Compare Match Control/Status Register_0, _1 (CMCSR_0,CMCSR_1)
CMCSR indicates compar

8 uon enableb or dlsables interrupts, and selects the counter
o nitializes the TCNT value to 0.

14.3.1 Interval Count Operation

‘When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts muememm(y using the selected clock. When F

and the CMF ﬂag in CMCSR s set to 1. thn the CKS1 and CKSO bits are set
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
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Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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3. Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Bit Chart]
Bit:(_15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — — @2|A3|D1|A@ — | — | — | — | — | — | Q |ACMP2|ACMP1|ACMPO| IFE|
Initial value: 0 0 0 1 0 0 0 0 0 0 0 0 0
RW: RW | RW RW R R/W ﬁ) RW RW RW RW RW RW RW RW RW
l_ l_
[Table of Bits] (1) @ ©) ) ®)
Bit Bit Name Ipitial Value R/W Description
15 - i Reserved
14 - ( These bits are always read as 0. )
13 to 11 ASID2 to All O R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved
This bit is always read as 0.
9 - 1 R Reserved

This bit is always read as 1.

—_ " =

Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this

manual.

(1) Bit

@

3

(4

G

-

=

)

-

Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

Bit name
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0]).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
Initial value
Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
R/W
For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.
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4. Description of Abbreviations

The abbreviations used in this manual are listed below.

e Abbreviations specific to this product

Abbreviation Description

BSC Bus controller

CPG Clock pulse generator

DTC Data transfer controller

INTC Interrupt controller

PPG Programmable pulse generator
SCI Serial communication interface
TMR 8-bit timer

TPU 16-bit timer pulse unit

WDT Watchdog timer

e Abbreviations other than those listed above

Abbreviation

Description

ACIA

Asynchronous communication interface adapter

bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications
Hi-Z High impedance

IEBus Inter Equipment Bus (IEBus is a trademark of NEC Electronics Corporation.)
I/0 Input/output

IrDA Infrared Data Association

LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation

SFR Special function register

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.

Rev.2.00 Jun. 28, 2007 Page viii of xxiv

RENESAS



Contents

SECHON T OVEIVIBW ...ueiieiiieeiiieeeiieeeiteeeiteeeieeesieeesteeesaeeessbeeessaeeesseeensseeessasensnes 1
1.1 FRALUTES ...ttt sttt et sbt e bt et s st saaesaee e 1
1.1.1 FN o] 01 (ot:1 1 (0] OO 1
1.1.2 OVErvIEW Of FUNCHIONS. .....ccuviiiieiiieeiieeite ettt e ete et e e e e st e e eveessbeesnveenene 2
1.2 LISt Of PTrOAUCES ....vvieiviieiie ettt sttt et e s v e e save e st e e aseesebeesaeesseensaeensaennsens 7
1.3 BIOCK DIAGTAM ..c..iiiiiiiiiieiieee ettt sttt sttt e st e it e e s abe e bt e e abeenaeas 8
1.4 Pin ASSIZNIMENLS ...oiiitiiiiieiiieniieiieeeiee st eete et e siteesite et e e sbteessteebteesbeesbaeebeesnbaessseesbeesnsens 9
1.5 PN FUNCHONS ..ttt et ettt et 10
SECtiON 2 CPU ...ttt ettt et e s 15
2.1 FRALUTES ..ottt e ettt e et e e e et e e e ettt e e s ssaeessssseeesssseeeasssseesansseeessseeeanns 15
2.2 CPU Operating MOGES.........eeiuiiriierieeniienieesie st este et e sttt esiteesbteesitessbeeesaeesbaessseesane 17
2.2.1 NOTMAL MOME......ceiiiiiiiiiieiiiieetcet ettt ettt s s 17
222 MiAAIe MOGE......coeiimiiiiiiiiiieeieeeetect ettt ettt s 19
223 AdVaANCEd MO .....ccuiiieiieiiieie ettt ee e tee e e et e st eeae e s beeebeeesbeeenseens 20
2.2.4 MaximUM MOME ......coeeeiieiiieeiieiieecte et et e et sae e e beeeaeesbeesaseessbeesaneens 21
2.3 INSIIUCHION FELCR ...oiiiiiiieiee et e e st e e e e e e estnaeeenseeeenes 23
2.4 AAAIESS SPACE..c.utieiiiieiiieiiteeiee ettt ettt st ettt e st e sttt e st e e bt e et e e at e e ab e e bt e e nbbeebeeenbneennee 23
2.5 REZISTETS enieiiiteiteeiie ettt ettt ettt e st ettt e s it e e it e e s abeenateessbeesbeessbeessbeesnseesaeens 24
251 General REZISIEIS ...couevuiiiiiiieieeieeeeteetet ettt st s 25
252 Program Counter (PC) .......coooiiiiiiiiiiieeeeeee et 26
253 Condition-Code Register (CCR) .......ooiiiiiiiiiiiiieiecee e 26
254 Extended Control Register (EXR) ......coovuiieiiiniiiniiiiiiiiienieeeeeeceeee 28
255 Vector Base Register (VBR).....coouiiiiiiiiiiiiiicteeeeeec et 28
2.5.6 Short Address Base Register (SBR)........coviieiiiiiiiniiiiieciceeecec e 28
2.5.7 Multiply-Accumulate Register (MAC) .....cc.cooeiiirieniiniiiiinieneeeeeeeeseeseees 29
2.5.8 Initial Re@iSter VAlUES........ccceviiriirininiiieieeciceee e 29
2.6 Data FOIMALS.....cccuiiiiiieeiiecieecie ettt et e te e s teestaeesabe e sbeessbaessseesssaesseesssaensseesssaenssenns 30
2.6.1 General Register Data Formats............ccccociiiiiiiniiniiiicccceeeeeee 30
2.6.2 Memory Data FOIMALS ......c.c.eevciiiriieniieieeieeteete ettt s 31
2.7 INSTIUCTION S@L....eiuiiiiiiiiiiieeece ettt ettt sttt et s e s e b e neennee 32
271 Instructions and Addressing MOdes.........cccuevverieneiniiniinienieneeeeeeesee e 34
272 Table of Instructions Classified by FUnction ...........cccceceeeeecvevenencnininenennenee. 39
273 Basic InStruction FOIMALS .........ccccvieeiiiiiiieeiie et ciee e ae e sveesveeeaneens 50
2.8  Addressing Modes and Effective Address Calculation..........c.cceceeeeevenienieneninicneneneeeenn 51
2.8.1 Register DIr€Ct—RI ...ccc.coiiiiiiiiiiiiieieee e 52

Rev.2.00 Jun. 28, 2007 Page ix of xxiv
RENESAS



2.8.2 Register Indirect—@ERN .....c..cooiiiiiiiiiiiienieececeetceeeeeee e 52
2.8.3 Register Indirect with Displacement—@(d:2, ERn), @(d:16, ERn), or

@ (d:32, ERIN) .ottt ettt 52
2.84 Index Register Indirect with Displacement—@(d:16,RnL.B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)................. 52
2.8.5 Register Indirect with Post-Increment, Pre-Decrement, Pre-Increment,
or Post-Decrement— @ERn+, @—ERn, @+ERn, or @ERn— ..........cccovvveeeennn. 53
2.8.6 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32........coeveveveeeveeeneeeeaannn, 54
2.8.7 IMNMEAIALE—FEXX .eeeiviiiiieeiie et ciee ettt et et esve et e e s ae e taeesaseetaeessneensaeesaaenes 55
2.8.8 Program-Counter Relative—@(d:8, PC) or @(d:16, PC) ....cccccvevveiieiirirnee. 56
2.8.9 Program-Counter Relative with Index Register—@ (RnL.B, PC),
@Rn.W, PC), or @(ERN.L, PC)....oooooiiiiiiiiieeeeeeeeee e 56
2.8.10  Memory Indirect—@ @aa:8 ...........c.coouiriirienieiiniieeeeeeeee e 56
2.8.11 Extended Memory Indirect—@ @VEC:7 .......ccceevuiriirieiieniieieee e 57
2.8.12  Effective Address CalCulation ..........cccveeveeeiiieeiieeeiiieeieecieeeieeeveesveesveesneeenes 57
PR 70 06 TN Y (@ V7N 01T 41 et 1o )  F R 59
2.9 PrOCESSING STALES ...uveeeuiieiiieeiieiiieettestee st e st e sttt esiteesiteesabeesateessbeeseeensbeebaesssaeeseessaesnseas 60
Section 3 MCU Operating MOdES ........c.ceerviieriieeiiieeiieeeiee e 63
3.1 Operating Mode SEIECHION ......ccc.eeiiriiieieiieieee ettt ettt s e e e e eae 63
3.2 RegiSter DEeSCIIPIONS . ...ccueieuiitietieteeteete ettt ettt e st ettt et e e bt e b e nbe e beeteeaaeeaees 64
3.2.1 Mode Control Register (MDCR) .......cooouiiriiiiniiinieiieeieeeeeeeeee e 64
322 System Control Register (SYSCR) ...ccoouiiiiiiiiiiiiiiiiiteeieenieeeeesieee e 66
33 Operating Mode DESCIIPHONS ......eevuvieriieriiierieentierreente ettt ste et steesateesaressaeeesaneenaees 68
3.3.1 IMOAE 4 ...ttt st sttt ettt b e 68
332 IMOAE 5.ttt ettt sttt ettt ettt be e ae e 68
333 Pin FUNCHIONS ..ottt et ae et esaeeeteeeaaeenseesnsaeenne 69
3.4 AAAIESS VAP ..ot e e e 70
34.1 Address Map (Advanced MOde) ........cooveeviieniienieeniienieeiteenite et eseesiee e 70
Section 4 Exception Handling ..........ccoovveeeiiiiiiiiiiiiieeieeceeeciee e 71
4.1 Exception Handling Types and Priority..........cooeereeierienieneeieeie e 71
4.2 Exception Sources and Exception Handling Vector Table..........ccceceeoinienieniincnncnene. 72
4.3 RESEE ..ttt ettt e et e e et e e et e e e ettt e e e ta e e e nraee e e tbeeeanreeeenraeeeannreeeennas 74
4.3.1 Reset Exception Handling ..........cccoeviiiriiiiiiinieiiiieteeee ettt 74
43.2 Interrupts after RESEL......covuiiiiiiiiiiiiieeieeeeeeee et 75
433 On-Chip Peripheral Functions after Reset Release.........cccccocueveeveencnicnicneenne. 75
4.4 TTACES . c.tteeteeeieeetee et e et e et e et e e ettt e st e e esaeessbeessbeessseeasseessseeasseesssaessseeassaanssaensseenssaensseennsannnes 77
4.5 AQATESS EITOT ......viiiiiieiieeiee ettt ettt st e et e s teesbe e s beesnbeessbaesnseesssaesssaesssaesnsennsns 78
45.1 Address EITOr SOUICE.........uiiiiiiiieiiie ettt et e e e ree e s e e e e e enenas 78

Rev.2.00 Jun. 28, 2007 Page x of xxiv

RENESAS



45.2 Address Error Exception Handling ...........coccoveiiiiiniininniniiniiieeeieneeeee 79

4.0 TIECTTUPES ..ottt ettt ettt ettt et et s h e e e b et e e bt et e e ateeb e e st e et e enbeemteemtesbeesbeenaeeaeeneesaeenae 80
4.6.1 INEEITUPE SOUICES ..ottt sttt ettt ettt s st 80
4.6.2 Interrupt Exception Handling .........coceoveviiniineninininieieieeeicenceenee e 80
4.7 Instruction Exception Handling ...........coccuieviiiniiiiniiiniieiiceieereeeeeeseee e 81
4.7.1 TTap INSTUCHION. ¢.uvteitieeiiie ettt ettt et st e et e sbeesbeesabeesaneens 81
4.7.2 Exception Handling by Illegal INStruction ...........coceeceereenennienienieneenenieneees 82
4.8  Stack Status after Exception Handling..........ccocoviiiieiiiiiiiiiiieieseeeeee e 83
4.9 USAZE INOL.....eeutitirtiieeiteit ettt sttt ettt sttt sttt et ae st b e sae bttt n e b sae e eat 84
Section 5 Interrupt COntrOllr .......ccouiieiiiieiiiieiie ettt ettt et 85
5.1 FRATUTES ...t s 85
52 INPUt/OULPUL PINS...eouiiiiiiiiiiiieiieieeeteeet ettt ettt ettt 87
5.3 RegiSter DeSCIIPLiONS .....cc.eiiuieiieieeieeiiette ettt et ettt ettt e sb e bbb 87
5.3.1 Interrupt Control Register (INTCR) ....cociiiiiiiiiiiiiieeeee e 88
532 CPU Priority Control Register (CPUPCR) ........ccccoceveririeiieiinincnirenceceeaeee 89

533 Interrupt Priority Registers Ato C,Eto I, K, and L
(IPRA to IPRC, IPRE to IPRI, IPRK, and IPRL) .......ccccceviininininininccienees 91
534 IRQ Enable Register (IER) .......coceeiiiiiiieniiiiiicieteeeeeeeeeee e 93
5.3.5 IRQ Sense Control Registers H and L (ISCRH, ISCRL)........ccccoveiiriiniennnne. 95
5.3.6 IRQ Status Re@ister (ISR).....couiiiiiiiieieeee e 99
5.3.7 Software Standby Release IRQ Enable Register (SSIER)........cccccoovvevverrennne 100
54 INCETTUPE SOUTCES ..ceeuviiiuiieeiieriieeiteette et ettt e st ettt e st e e sttt e sabeesiteesatesbeeesstesbaeeseesbaesnseenas 101
54.1 EXternal INEITUPLS ..o..eeeruiiiiieeiieeiteeite ettt sttt ettt ettt 101
54.2 Internal INTEITUPLS ..cc.eeveirieriiiieieetetet ettt sttt 102
5423 S1EEP INLEITUPL.....eeiiiiiieiieieete ettt ettt st sttt et 102
5.5  Interrupt Exception Handling Vector Table...........cccocoviiiiiniiniiiiiieiececeeeeeeene 103
5.6  Interrupt Control Modes and Interrupt Operation ............cecceceecvereerrenenenereeeeneensenennennes 108
5.6.1 Interrupt Control Mode O......coccveeviiiniieniieieeie ettt 108
5.6.2 Interrupt Control MOde 2 ......coovieiiiiiiieiierieete ettt 110
5.6.3 Interrupt Exception Handling SEqQUENCE ..........ccceeveerirniiniineineeniieieeiceieieens 112
5.6.4 Interrupt ReSPOnSe TIMES ......cc.eeueeuieriieniieieeieeie ettt 113
5.6.5 DTC and DMAC Activation by INterrupt ........cccceveerienierrierieneeneeieeieeeeneeene 114
5.7  CPU Priority Control Function Over DTC and DMAC..........ccccocevininineneniiicieneneennen 117
5.8 USAEZE INOLES ..ttt ettt ettt ettt st s bt e s bt e st e st e e sabeesabeesabeesabeesabeesabeesaseesnsaenaneas 120
5.8.1 Conflict between Interrupt Generation and Disabling ...........ccoccevveenieennennen. 120
5.8.2 Instructions that Disable INtEITUPLS .......coeevierierieniiniiiiic e 121
5.83 Times when Interrupts are Disabled .........c.ccooeiiiiiiiniiniiiiieeeeeeeeeee 121
5.84 Interrupts during Execution of EEPMOV Instruction...........ccceceeveeveenieeiennnen. 121
5.8.5 Interrupts during Execution of MOVMD and MOVSD Instructions................ 121

Rev.2.00 Jun. 28, 2007 Page xi of xxiv
RENESAS



5.8.6 Interrupt Source Flag of Peripheral Module ..........cccccocevieniininncnncniencenene 122
Section 6 Bus Controller (BSC) ...uvvviiiiiiiiiieeeeee e 123
6.1 FRALUTES ...ttt ettt et e e et e e e e bt e e sstaeessseeeesssseeeenssaeessseaeennsseeennes 123
6.2 ReZIStEr DESCIIPLONS ...eiiiiieiiiiiieeiie ettt ettt et et sttt e st e st esbeesabeesnseesabeesnsaesane 126

6.2.1 Bus Width Control Register (ABWCR).......coooiiiiiiiiiiiniieiienieereeeeeeeeee 127

6.2.2 Access State Control Register (ASTCR) ...ccccooveveiiiniiiniiniencciceeeeee 128

6.2.3 Wait Control Registers A and B (WTCRA, WTCRB) ......ccccoveeniiiiniiiiieene 129

6.2.4 Read Strobe Timing Control Register (RDNCR) .......ccccoviiiiiiiniiniiiceeee 134

6.2.5 CS Assertion Period Control Registers (CSACR) .....oooveiviiiniiiiiiiciieeees 135

6.2.6 Idle Control Register (IDLCR) ......ccceivviiiiiiiniieniienieeieeteeeeeeeie e 138

6.2.7 Bus Control Register 1 (BCR1) ....cooiiiiiiiiiiiiniieniierieceeteeeeseeete e 140

6.2.8 Bus Control Register 2 (BCR2) ......cooeeviiiiniiiiiiiiienieiceececee e 142

6.2.9 Endian Control Register (ENDIANCR) .....ccccoooiiiiiiiiiiiienieiecee e 143

6.2.10  SRAM Mode Control Register (SRAMCR) ......ccccociriiniinieiinienienceeeeee, 144

6.2.11  Burst ROM Interface Control Register (BROMCR) ........cccoevveivvieiieirennen. 145

6.2.12  Address/Data Multiplexed I/O Control Register (MPXCR)........ccccceevuveeunennne. 147
6.3 BUs CONfIUIATION . ....ccouiiiiiiiiieeie ettt et sttt e st eesabeesabeesabeesabeesasae e 148
6.4  Multi-Clock Function and Number of Access CYCIES ........coeeverienieneenerneniieneeneeeene 149
6.5 EXLEINAL BUS ...oiiiiieiieciiecies ettt ettt et e s te e ae e s aeesab e e saeesae e saaesaeesseesaeens 153

6.5.1 INPUt/OULPUE PINS ..ot 153

6.5.2 ATEA DIVISION ...cutiiiiiiiiiiiecie ettt e et e st e e b e e sbe e ereessbeesabeessseessseessseesees 156

6.5.3 Chip Select STZNAlS ....cc..iiriiiiiiiriieiieeeeee ettt n 157

6.5.4 External Bus INtErface ........coocveevieiiiiiniieniiesicciceeee et 158

6.5.5 Area and External Bus INterface ..........ccceevcvieeciieniienieeniieeieeciceereesve e 162

6.5.6 Endian and Data ALINMENT...........coiiiiiiiiiiiiirieeeeee et 167
6.6 Basic BUS INEITACE ........eeiiiiiiieciiecieece sttt ettt ettt e e baeebe e sbaeebeesnbeeenseeens 170

6.6.1 Daata BUS ....eviiiciiee ettt e et e e e e e enraeeenraaeenns 170

6.6.2 I/0 Pins Used for Basic Bus Interface .........ccocceevieervieiniiiniiiniienieenieeieeen 170

6.6.3 Basic TIMING......eeeriiiiiieriieieerte ettt ettt ettt et sate e sabe e et e e sabeenaeeas 171

6.6.4 R 1A 031 11 o) AU USRI 178

6.6.5  Read Strobe (RD) TIMING .........o.vvevvreeeeeeeseeeeeeeeeeseeseesessesessessessessee s 180

6.6.6 Extension of Chip Select (CS) ASSErtion Period..........cvveeeeeeeeeeeeeeseeeeeereeneen, 182

6.6.7 DACK Signal Output Timing ........ccceevevererenerrienienenieneneeeeeeteseeseeseseesieene 184
6.7 Byte Control SRAM INEETTACE ......oevuviiriiiiiiiiiiieieeteete ettt s 185

6.7.1 Byte Control SRAM Space Setting.........ceeveirieeniienieinieenieenieeneeeniieesveenieees 185

6.7.2 DaAta BUS ..evieeiiiieiieeiee ettt ettt ettt st sbaesnbaesnbeeenneas 185

6.7.3 I/O Pins Used for Byte Control SRAM Interface ..........cccceeeeveeniincniencenenne 186

6.7.4 Basic TIMING .. ceeueetieiieieetieet ettt sttt ettt b e bttt e sae e e 187

6.7.5 WAt CONLIOL ..ot ciieeiee ettt ettt e e te e e be e ebeeeaeeeabaeeaeeesbaeenseeenees 189

Rev.2.00 Jun. 28, 2007 Page xii of xxiv

RENESAS



6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15
6.16

6.7.6  REad SrODE (RD)....evveeeeeeeeeeeeeeeeeeeeeseee s seses et e eseseeeeesseeseseeeeeeeeesas 191

6.7.7 Extension of Chip Select (CS) Assertion Period..............cccoeueeeeeeeeeeeerreerenen, 191
6.7.8 DACK Signal Output Timing ......ccccoceeereeierienienienienenineeeeeeeetesreseese e 191
Burst ROM INEITACE .....oocuviiiiiiciiecieeereeeeeee ettt et et et aaeeaee e eaeearee s 193
6.8.1 Burst ROM Space Setting........ceevvierieeniiinieeieenieente ettt esiee e 193
6.8.2 Data BUS..c..eoiiiieiiiiecc ettt 193
6.8.3 I/0 Pins Used for Burst ROM Interface...........cccceveenieninniiniineeniinienicnieene 194
6.8.4 Basic TIMINZ . c..ccuevirririeieieieie sttt sttt ettt st ae e e 194
6.8.5 WAL CONLIOL ...viieiiiieieeciee et etee et et e ettt e e teeste e sbeesabeesabeesssaesnsaessseesnsaennns 197
6.8.6  Read Strobe (RD) TIMINE ........o.oevverveeereeeeeeeeeeeseeeeseseseesesees s esses oo 197
6.8.7 Extension of Chip Select (@) Assertion Period...........cooovvvveeieiiieiiiininieeeeeeenns 197
Address/Data Multiplexed I/O INterface..........cceeevveeviiieiiieniieniiinieeseeeieereeeee e 198
6.9.1 Address/Data Multiplexed I/O Space Setting .......c.ccoocereereeneenienieneeneeniennens 198
6.9.2 Address/Data MUItIPIEX ......c.coovevieririniriniieeieicntese ettt 198
6.9.3 Daata BUS. ..ottt et et e e et e s aaee e aaeaean 198
6.9.4 1/0 Pins Used for Address/Data Multiplexed I/O Interface........cccccceeeveeenennens 199
6.9.5 Basic TIMING.....cocueiiiiirieeiieeie ettt sttt e st e st e sabaesanees 200
6.9.6 Address Cycle CONIOL.....c.c.eiiiieriiiiiieeiee ettt ettt s 201
6.9.7 Wit CONLIOL ...ttt st 202
6.9.8  Read Strobe (RD) TIMING ........o.coovveveeerieeeeeeeeseeeeessessessessessessessessesses s sesssnes 203
6.9.9 Extension of Chip Select (CS) Assertion Period..............ocoeeeeeeeeeeeeeerreeeenan, 204
6.9.10 DACK Signal Output TImiNg .....cccccerverererirreerienieneneneeeecereneeseenre e 206
TAIE CYCLE .ttt ettt st s e st e st e s beesab e e s abeesateesabeennteas 207
0.10.1  OPETALION ..eovuviiiiieiiieeiie ettt sttt et et sete et e st e e sabeesabeesabeesabeessseesseeenaneens 207
6.10.2  Pin States in Idle CYCle ....coouiriiriiniiiiiiiiieteteeeeteeeeeeee e 216
BUS REICASE.....ueieiiieiieciiectie ettt te e te e s b e e ae e s be e saeessbeesbeensbeeseeesseenneeas 217
O.11.1  OPCIATION ..ttt ettt ettt et ettt e bt e e et e e s ate s bt e sbeebeeaesaeesaeeae 217
6.11.2  Pin States in External Bus Released State...........c.ccccveeeiieiiieniiiiieecie e, 218
6.11.3  Transition TIMING .....ccccueevieiriiiiieeiie ettt sireesaeeesaneens 219
INEEINAL BUS.c..coiiiiiiiiiieeee ettt st sttt e 220
6.12.1  Access to Internal Address SPaCe .......ccceeveerieeriiriierienienieneecee et 220
Write Data Buffer FUNCHON .....c..oiiiiiiiiiice et 221
6.13.1  Write Data Buffer Function for External Data Bus...........cccceevvviiieeiieccieeenen, 221
6.13.2  Write Data Buffer Function for Peripheral Modules ...........ccccoccecvevieviencnennnn 222
BUS ATDITIAtION ..cvviiiiiiiiiiiieiieeeteeeeee ettt et st s s 223
0.14.1  OPETALION ..eeutiiiiieiiieeiee ettt ettt et e st e st e sabeesabeesateesabeesaseesateesseeenaneens 223
6.14.2  Bus Transfer TIMING .......ccooereiriiniiiiiiinieeeeeeee sttt 224
Bus Controller Operation in RESEL..........ceiiiiiiiiiiiiiieieeeeee et 226
USAZE INOLES ...ttt ettt ettt ettt ettt e e e et e e bt e b e et e e bt e atesaeesbeesbe e bt emteeneeeneenbeenbeans 226

Rev.2.00 Jun. 28, 2007 Page xiii of xxiv
RENESAS



Section 7 DMA Controller (DMAQC).......ccuiiiiiiiieeeeee et 229

7.1 FRALUTES ...ttt et e e et e e e ate e e ettt e e e sabbeeeeabaeesnreeeennsaaeeanns 229
7.2 INPUU/OULPUL PINS...eitiiiiiiiiie ettt ettt 232
7.3 Re@iStEr DESCIIPHONS ... .ottt ettt sttt et se et sae e eae 233
7.3.1 DMA Source Address Register (DSAR) .....coooviviiiiiiiniiiniiieeeeeeeeeen 235
732 DMA Destination Address Register (DDAR) .....c.oovviiriiiiniiiniieiieenieenieeeen 236
7.3.3 DMA Offset Register (DOFR).....c..cooceeviiriiniiniieniieienienteeeieee et 237
734 DMA Transfer Count Register (DTCR) .....cccooieiieiiiiiiienieeecee e 238
7.3.5 DMA Block Size Register (DBSR) .....cc.ooiiiiiiiiiieiiiieeeee e 239
7.3.6 DMA Mode Control Register (DMDR)........cccoceerieiiiiiiinieieeee e 240
7.3.7 DMA Address Control Register (DACR).....cccceeviiiiiiiiiiiiiieniieeieenieeseeeeen 249
7.3.8 DMA Module Request Select Register (DMRSR) ......cccovevviiviiiiniieniienieeen, 256
T4 Transter MOAES ...c...oouiiriiiiiiiiiietetet ettt sttt et e e 256
7.5 OPCTALIONS...cuutetientieteete ettt ettt ettt eat e et e bt e bt ea e estesaeesbee bt enbeeaaesaeeeaeesbeenteenteeneeeneenbean 257
7.5.1 AdAress MOAES .....ccveiiiieeiieiiieeieeciee et ereeereesreesaeesbeesbeeseseessaeesssaessseessseas 257
7.5.2 Transfer MOAES ......cc.eiiiuiieiieeiieeiee ettt sbe e sibe e s aeesav e e aaeeaae s 260
7.5.3 ACHVALION SOUICES ....cuveeutieieriiiriierienieeieete et sieenteete et eresenesieenseeseenesaeesaeenne 265
7.5.4 BUS ACCESS MOAES ..ottt sttt 267
7.5.5 Extended Repeat Area FUNCHON .....cooueeiiiiiniiniiniiiiinicicieccccc e 268
7.5.6 Address Update Function using OffSet..........ccccevieiiiiiiniienieniecee e 270
7.5.7 Register during DMA Transfer..........ccoccevoierienienieiieeieeeeieeeee e 276
7.5.8 Priority of Channels..........ccocceievierieninineniieecececese et 281
759 DMA Basic BUS CYCIe....cccuiiiiiiiiiiiiieeieesitesieesteeeeese ettt 283
7.5.10  Bus Cycles in Dual Address Mode ........coocueerieiniienieiniieiieciee et 284
7.5.11  Bus Cycles in Single Address Mode...........cocevierienenniennienieeneeneniceieneeneenne 293
7.6 DMA Transfer ENd .........cccuiiiiieiiieiiieie ettt ettt e steeebe e sbeeebeesnseesasae e 298
7.7  Relationship among DMAC and Other Bus Masters ..........ccccceveerierienienienieeieeieeeeneens 300
7.7.1 CPU Priority Control Function Over DMAC .........cccccoonininininineeieieenen, 300
7.7.2 Bus Arbitration among DMAC and Other Bus Masters .......c.ccceevveerveenveennnenn 301
7.8 TNEETTUPE SOUTCES..cuevieiiieiiieeiteeeie ettt ettt ettt et st e et esabae e bt e sabaeebeesabeessaenas 302
7.9 NOLES ON USAZE ..eeuvientiiiieiieiiteieete ettt ettt sttt et et st st bt et et eatesaeesbeenbeens 305
Section 8 Data Transfer Controller (DTC) ......uvvviiiiiieiiiiiiiieieeeeecccirieeeee e, 307
8.1 FRALUTES ...ttt et e et e e et e e e e a e e e estaeeesseeeesnsseeeenssaeessseeeennsseeennes 307
8.2 RISl DESCIIPLIONS ...eeuiiiiiiieriiieiitierte ettt ettt et e st e e st e e sabee s beesabeesabeesasaesaseesnseesane 309
8.2.1 DTC Mode Register A (IMRA) .....cooiiiiiieiieeteeeeeeteeeese e 310
8.2.2 DTC Mode Register B (MRB).....c..coociiiiiiiniiniiienienienteeeeec e 311
8.2.3 DTC Source Address Register (SAR).....cccoeviiriiiiiiiiiiieeeee e 313
8.2.4 DTC Destination Address Register (DAR).......cceoveiiriiiniiniiiiiceceeee 313
8.2.5 DTC Transfer Count Register A (CRA) .....cooieiiieiieieceeeeeeee e 314

Rev.2.00 Jun. 28, 2007 Page xiv of xxiv

RENESAS



8.2.6 DTC Transfer Count Register B (CRB).......coceiviiniiniiniiiiniineencciceicneeee 314

8.2.7 DTC Enable Registers A to H (DTCERA to DTCERH) ........ccccceceiieiiniennnen. 315
8.2.8 DTC Control Register (DTCCR) ......ooueiiiiiiiiiiiieeeeee e 316
8.2.9 DTC Vector Base Register (DTCVBR).......cocceviiiiiiieieceeseeeeeeee e 317
8.3 ACHVALION SOUTCES ....veeiueieeiiieeieeeiteeite et e eteesteesbeesateesbeesateesabeesateesaseessseesaseessseessseenssens 318
8.4 Location of Transfer Information and DTC Vector Table...........cccceeviieeeeciiiinciieecienn. 318
T T @ J37C) 213 (o) « KOO OO OO OO OO OO OO O PP PORPRRPOTPRRPO 322
8.5.1 BUS CyCle DIVISION c..ceeieiieiieiieieeiie ettt ettt sttt ettt sbe e 324
8.5.2 Transfer Information Read Skip Function ...........c.ccooceviiiiiiinieniiiiiiieees 326
853 Transfer Information Writeback Skip Function..........ccccceeveveninenininicncnenne 327
8.54 Normal Transfer MOdE .........oocuvivieiiiiiiieeiee ettt 327
8.5.5 Repeat Transfer MOde..........oovuiiiiiiniiiiniieniiecieete ettt 328
8.5.6 Block Transfer MO ........ccveviiiiiiieeiieeieeciee sttt ere e 330
8.5.7 Chain TranSTer ........cooviiiieie e e 331
8.5.8 Operation TIMING . ......cocviiiiiiaiieiee ettt st 332
859 Number of DTC Execution CyCles ........cceviriririrerienienieneneseneeeeeeienieneens 334
8.5.10 DTC Bus Release Timing ........ccceevveerieeriiieniiieiiienieeeieenieesieesieesseesseesneenane 335
8.5.11  DTC Priority Level Control to the CPU ........ccccccoviiiriiiiniiiieeieeeeeeeeee 335
8.6  DTC Activation bY INTEITUPL.....cc.eeviiriiiiiiiiiiieicecetc ettt 336
8.7  Examples of Use of the DTC .......ooouiiiiiiiiieiei ettt 337
8.7.1 Normal Transfer MOAe ...........oocuviiiiiiiieeeeee e e 337
8.7.2 Chain TranSTEr .......coovviiieeie e e ean 338
8.7.3 Chain Transfer when Counter = 0........cocceiiiieiiiiiiieeiie et 339
8.8 TNLETTUPE SOUTCES ...eevtieiiiieeiie ettt ettt ettt sttt e st e st e s bt e sabeesabeesabeesabeesabeesaseennseas 340
8.0 USAZE INOLES ..ottt ettt st sttt ettt e at e sb e bbb st st sbeenaeenee 341
8.9.1 Module Stop Mode SEtting ..........coceeereeieiinienieninieneeeeeeeerenesre et eaeeaeene 341
8.9.2 ON-Chip RAM ..ottt ettt 341
893 DMAC Transfer End INtEITupPL.........ccceoverirenenerieeeienictene st 341
894 DTCE Bit SEHNZ...cuvteeiieiiieeiieiiieeite sttt ettt et steesite et e e baeeaeesbaesneeas 341
8.9.5 Chain TranSTer ......eeeuiiiieeiie ettt et 341
8.9.6 Transfer Information Start Address,
Source Address, and Destination AdAIESS .......uveveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 342
8.9.7 Transfer Information Modification ...............ccoeeieeiiiiieiiiie e 342
8.9.8 ENAIAN ..ottt et e ba e e ta e ebaeenneas 342
Section 9 T/O POItS .....uviiiiiiiiee ettt e e e e eaaae e e 343
9.1 RegiSter DESCIIPLIONS ....cc.veruiiiiiiriieiieieeieet ettt ettt st sae e saee e 350
9.1.1 Data Direction Register (PnDDR) (n=1t03,6,A,B,DtoF,H, and I)......... 351
9.1.2 Data Register (PnDR) (n=1t03,6, A, B,DtoF, H,and I).........cccceceeirneee. 351
9.1.3 Port Register (PORTn) (n=1t03,5,6, A,B,DtoF,H,and ) .........c........... 352

Rev.2.00 Jun. 28, 2007 Page xv of xxiv
RENESAS



9.14 Input Buffer Control Register (PnICR)

Mm=1t03,56,A,B,DtoF, H,and I)....c.cccuerviiiiiiniieieeie e, 352

9.1.5 Pull-Up MOS Control Register (PnPCR) (n=DtoF, H, and I) ...................... 353

9.1.6 Open-Drain Control Register (PnODR) (n=2 and F)........cccocoeeviiiiiniicree 354

9.2 Output Buffer CONtrol.........oceiiiiiiiiiiiiieniieeieeseeeteeee ettt sttt e 355
9.2.1 POTE Lottt ettt ettt et e bt esabeeaee s 355

9.2.2 POTE 2.ttt ettt ettt e ettt e s b e et e e b e tt e e nbeenae s 358

9.2.3 o) A TSRS 362

9.24 o) A SRS PPURUTPPRINE 366

9.2.5 POTE O...eeee ettt et e st e et e e s be e tb e e s b e e abeesabeenabeennaeeare s 367

9.2.6 POTE Attt sttt et ettt e et s 370

9.2.7 POTE B ottt ettt et s 373

9.2.8 POTE D ettt sttt ettt e e sat e abeennae s 375

9.2.9 POTEE oottt e e et e e et e e s tae e e sbaeeeenes 376

0.2.10  POIEF oottt et e te et e et e et e e baeebe e s baeebeesnbeeenraeans 376

0.2 11 POIt Hueoooeeeieeeee ettt ettt et e e ba e e b e e ebaeebeeenbaeearaa e 379

0212 POTE Lttt ettt et s s s sbeeeas 379

9.3 Port FUNCtION CONITOLIET .....cevuviiiiieiiieeiiesiteeee sttt sttt et e saeeesaneens 386
9.3.1 Port Function Control Register 0 (PFCRO).........cccccooiiiiiniiiiniiiiineinciiceee 386

9.3.2 Port Function Control Register 1 (PFCR1)......ccccooiiiiiiiiiiiieeeeeeceeee 387

933 Port Function Control Register 2 (PFCR2).......c.ccccovoiiiiiiiiiiieieeececeeee 388

9.34 Port Function Control Register 4 (PFCR4)........cooouiiviiiiiiiiiiiiieieeiceeee, 390

9.3.5 Port Function Control Register 6 (PFCRO).........cccccovvviiriiinieiiieieeiceeeee, 391

9.3.6 Port Function Control Register 7 (PFCR7)....cccccovviiiviiiniiiniiiiieieeeceeeee, 392

9.3.7 Port Function Control Register 9 (PFCRO)......c..cccceoviiiiiniininiiiiineiiciiceee 393

9.3.8 Port Function Control Register B (PFCRB) .......cccccocoiiiiiiiiiniiieceee 395

9.3.9 Port Function Control Register C (PFCRC) .......ccccooiiiiiiiiiiiiicececee 396

0.4 USAZE NOLES ...eoniieiiieiiecieeteee ettt ettt ettt et et sane st e saeeaeesneeane e e e eneeneens 398
9.4.1 Notes on Input Buffer Control Register (ICR) Setting .........ccocoveeveevcieeniennnen. 398

9.4.2 Notes on Port Function Control Register (PFCR) Settings.........cccccevvveenueennen. 398
Section 10 16-Bit Timer Pulse Unit (TPU) ........coooiiiiiiiiiiiiiiiieeeeeeees 399
TO.T  FOALUIES ... tieeieeiieeeteeete ettt e sieeetteesteestte e tbaeteeessbeeseeessseenseeenssaesseeansaeasseesnseeanseesnsaesnseeans 399
10.2  Input/OUtput PiNS....c..coiiiiiiiiiiieic e e s 403
10.3  RegiSter DESCIIPOMNS .. ..eevuiiiiiiiriieeiieerte ettt ettt ettt et esiteesabeesabeesaaeesaeeensseens 404
10.3.1  Timer Control Register (TCR)......ccccooviiriiiiiiieiiiiiieeiieeeeeiee e 407

10.3.2  Timer Mode Register (TMDR)......cccccoctiriimiiniiiiinienieieeiceteeteeeeeeee e 412

10.3.3  Timer I/O Control Register (TIOR)........ccccoeieiiieiiriiiieiieeeeee e 413

10.3.4  Timer Interrupt Enable Register (TIER) .........ccceeiiiiiiiiiiiiiiiecec e 431

10.3.5  Timer Status Register (TSR)....cceerieiiieiieieiieieee et 433

Rev.2.00 Jun. 28, 2007 Page xvi of xxiv

RENESAS



10.3.6  Timer Counter (TCNT).....cooiiuiiiieiie et ee e e e v e e e 437

10.3.7  Timer General Register (TGR) .......ccccooiiiiiiiiiiiiieeeeeeee e 437
10.3.8  Timer Start Register (TSTR) ....c.cooiiiiiiiiiieeeeeeeee e 438
10.3.9  Timer Synchronous Register (TSYR).....ccccooviiiiiiiiiiiiiiecceeee 439
104 OPETALION ..eiiiiieeiieeiie ettt ettt st e et e st e st e st e e sabeesabeesabeesabeesabaesabeesaseenaseesaseennseas 440
10.4.1  Basic FUNCHONS .....cccueriiiiiiiiiierienitccec ettt 440
10.4.2  Synchronous OPeration...........ccoceeveerieeienienienieenieniente sttt 446
10.4.3  BUffer OPeration ........ccueoeeiierieeieiiesiteie ettt sttt st e e 448
10.4.4  Cascaded OPEration ..........cceeoueeuerierierienieeieeteeieeste et eteesteseeesbeesaeeaeseesaeenee 452
10.4.5  PWM MOGES ....coouiiiieiieiieieeitesttett ettt ettt ettt e et e s ntesneesseenseeneeenes 454
10.4.6  Phase Counting MOAE.........ccocueerruiiiiiiiiieiiie ettt ettt ettt ste et esreeniee s 460
10.5  TNEETTUPL SOUTCES ...eeeutiiiiieeiieetieeiteetteetteette st e sbeesabeesbeesateesabeesabeesabeesaseesabeesaseesabeesnsens 466
10.6 DTC ACHVALION. ..c..iiiiiiiiiiiieitereeteete ettt ettt ettt sbee bt e et et st e sbeesbeenbeebeeanens 468
10.7  DMAGQC ACHVALION. ..cutiiiiiiitietieteete ettt ee st e bttt e te et e saee bt e bt enteeaeeeseesbeenbeebeensesaaesanas 468
10.8  A/D CONVEIter ACIVAION . ..c..eeiuiertierieeteeteeteestiete et etesttesttesbe e et ete st e saeesteenteensesseesseensean 469
10.9  Operation TIMING......cccccueririririnieteteetee sttt ettt sttt et et besre b sae e eae 469
10.9.1  Input/Output TIMING ..cccvveeriiiiiieeiie ettt et sbe et esreenaee s 469
10.9.2  Interrupt Signal TimiNgG.......ccecuierviieriiiiiieriie ettt 473
LO.10  USAZE NNOLES ...eonteenieeiieeiteeitesite ettt ettt st et et eat e ebtesbte s bt e b e et e eabesatesbeesbee bt enbeentesaaesaeens 477
10.10.1 Module Stop Mode SEttNg ......cccereerierieriieiieieeiesteeiee et see e 4717
10.10.2  Input Clock RESIIICHIONS ..c..eevieuiiriieiiieniienieeie ettt ettt 4717
10.10.3  Caution on CycCle SENG .......cceverieririnirieieietetentestesie ettt e 478
10.10.4 Conlflict between TCNT Write and Clear Operations...........cceceevvveercveernneennnen. 478
10.10.5 Conlflict between TCNT Write and Increment Operations ............cccecveerveennnen. 479
10.10.6  Conflict between TGR Write and Compare Match...........ccceeeereeiiennenieneenne. 479
10.10.7 Conflict between Buffer Register Write and Compare Match..............cccc....... 480
10.10.8 Conflict between TGR Read and Input Capture ..........ccceceeveeneeneriieneeneenennnes 481
10.10.9 Conflict between TGR Write and Input Capture ...........coccoeeererereeeenennennenn 481
10.10.10 Conlflict between Buffer Register Write and Input Capture............ccecveevveenee. 482
10.10.11 Conlflict between Overflow/Underflow and Counter Clearing ..............c.......... 483
10.10.12 Conflict between TCNT Write and Overflow/Underflow ...........cccceeveeneennenne. 483
10.10.13 Multiplexing of I/O PinS ......ccccooiiiiriiiiiiiierieeee et 484
10.10.14 Interrupts and Module Stop Mode .........ccocueviirieriiiiieieeieeeee e 484
Section 11 Programmable Pulse Generator (PPG) ..........cccocceevviiiiniiiiniiennen. 485
T1L FRATUIES ...eeieiiieieeieetcete ettt ettt et ettt b ettt et e e e s b e b e b e e eanesanes 485
11.2 Input/OUtPUL PINS...coiiiiiiiiiiiiiiiceiceeeeet ettt et st 487
11.3  RegiSter DeSCIIPHIONS .....eeutieuiieiieeiteeiiest ettt ettt ettt st sbe e e e etesate et e b eeeeneeas 488
11.3.1 Next Data Enable Registers H, L (NDERH, NDERL) .......cccccocceviiiiiiininen. 488
11.3.2  Output Data Registers H, L (PODRH, PODRL)......c..ccccecertrviririiniiicnenenene 490

Rev.2.00 Jun. 28, 2007 Page xvii of xxiv
RENESAS



11.3.3  Next Data Registers H, L (NDRH, NDRL) ......cccccociiiiiniiniiniiiinienicneceene, 491
11.3.4  PPG Output Control Register (PCR) .......ccceceeveeiinieniininininiiceecccienieen 494
11.3.5  PPG Output Mode Register (PMR) ........cccooeviininininininicinrceeicicienieneenen 495
11,4 OPETALION ...ttt ettt ettt ettt et e sa et bbbt s bt eat et eaenaesaenbesaens 497
11.4.1  OUPUL TIMNG «..veeiiieiieeiieeiie ettt ettt ettt e st e sbeesabeesbeesabeesabeesaseenns 498
11.4.2  Sample Setup Procedure for Normal Pulse Output.........cccceeveveerveenieerniennnene 499
11.4.3  Example of Normal Pulse Output (Example of 5-Phase Pulse Output)............ 500
11.4.4  Non-Overlapping Pulse OUtput..........cccoerieriieiiinienieiiesiieieee e 501
11.4.5  Sample Setup Procedure for Non-Overlapping Pulse Output.............cccoeeneeene. 503
11.4.6  Example of Non-Overlapping Pulse Output
(Example of 4-Phase Complementary Non-Overlapping Pulse Output) .......... 504
11.4.7  Inverted PulSe OULPUL .......eeeviiiiiiiriienieeieereete ettt 506
11.4.8  Pulse Output Triggered by Input Capture.........cccceeveevieneerieniienienieneeieneenene. 507
L1.5 USAEE NNOLES ...ttt ittt ettt ettt et ettt eae e e bt e b e e b e e beesbesatesaeesbeenaeeneeeaeesneesbeanseans 508
11.5.1  Module Stop Mode Setting .........ceveeruieierientieniieieeieeie st steeee et 508
11.5.2  Operation of Pulse Output Pins.........ccccccerimireriinieniininincnieeceececeeeneenen 508
Section 12 8-Bit Timers (TMR) ....cc.uviiiiiiiiiiceeeeeee e 509
I2.1 FRALUIES . ..c.viiuiiiieiieieieteeteee ettt sttt s et e saeae e 509
12.2  INpUt/OULPUL PINS...eoiiiiiiiiiieeeee ettt ettt et s b et 512
12.3  RegiSter DeSCIIPHIONS ... eevietietieieeie ettt ettt ettt et ettt e b et e e e e 513
12.3.1  Timer Counter (TCONT).....coiiciiieeiiit ettt e e e sre e e e b e e enens 514
12.3.2  Time Constant Register A (TCORA)......ccccevviiiiiiiiieieiieeiee et 514
12.3.3  Time Constant Register B (TCORB).......ccccoootiiriiinieiiiiieeiceieeciee e 515
12.3.4  Timer Control Register (TCR).......cccccoiiriiniiiiiiiinienieieecetcteeeeee e 515
12.3.5  Timer Counter Control Register (TCCR) .......cccoeoiriiiieiiiiieieriecerceeee 517
12.3.6  Timer Control/Status Register (TCSR).......cccerieiiiiiiiiiiiieeecee e 519
12,4 OPETALION ...ttt ettt ettt ettt et et e sa b s bt sbeebe e bt eat et enaenaesaenbenaens 524
12,41 PUlSE OULPUL..coutiiiiieeiie ettt sttt sttt e st e st e e sabeesabeesabeesanee e 524
12,42 RESEEINPUL....eiiiiiiiiieiie ettt ettt eaae e 525
12,5 Operation TIMNG......ccoueeiiriirieiieeete ettt ettt ettt et e e st st esbeesaeeeeeaeesaeenae 526
12.5.1  TCNT CoUNt TIMING ..covveeiieiiieiiieiieniieieeie ettt ettt e bt seeeseeesbeeees 526
12.5.2  Timing of CMFA and CMFB Setting at Compare Match ............ccccceceniennne 526
12.5.3  Timing of Timer Output at Compare Match........cccecevvererereriienecienenenenenne. 527
12.5.4  Timing of Counter Clear by Compare Match ..........ccceeeuevririiniiiiniiieniiienieeeens 527
12.5.5 Timing of TCNT External ReSet........ccccueevuiiriiiiriiiiiiiieniieniienieenieenee e 528
12.5.6  Timing of Overflow Flag (OVF) Setting .......c..cccceeveriinieninnenienicneenceene, 528
12.6  Operation with Cascaded CONNECHION.....c..cceveruiruiririeieietententenre ettt seeas 529
12.6.1  16-Bit Counter MOdE ..........covueiiiiiiiiiiieieeiieitee ettt 529
12.6.2  Compare Match Count MOde.........c.cceereruieieieniiniinieninenceeeeteeeteeeseesee e 529

Rev.2.00 Jun. 28, 2007 Page xviii of xxiv

RENESAS



12,7 TOEEITUPE SOUICES c..euteeteiieniteteeie et ettt e st et et eateeatesbtesbeesbeebeesbesatesbtesbeenbeenbeeneeeneesanens 530

12.7.1  Interrupt Sources and DTC ACtiVAtION .......cocueriirieriieniieiieieeieseeeeee e 530
12.7.2  A/D Converter ACHVAION ........evteiieriieieeieeiiestte st et eie et ettesieesbeeseeeeeseesaeeee 530
12,8 USAZE NOLES ....eoneieniieiiieieeeee ettt s sttt et et s e b e e e e anesanesanes 531
12.8.1  Notes on Setting CYCIe....ccoueiiiiiiriiiiiieeiie ettt sttt sveesaee s 531
12.8.2  Conflict between TCNT Write and Clear ...........cccceeeevercienieneenenncnecneenneenn 531
12.8.3  Conflict between TCNT Write and Increment.............ccccceeeeeveiiieienienennenne. 531
12.8.4  Conflict between TCOR Write and Compare Match.........c.ccocoveeniniinennenne 532
12.8.5  Conflict between Compare Matches A and B.........ccccocceeiiiiniiniiieninee 533
12.8.6  Switching of Internal Clocks and TCNT Operation..........c.ccceevevverenenerenenne 533
12.8.7  Mode Setting with Cascaded CONNECLION .......c.cevveereeeriieriieeniienieenieeneeenieen 535
12.8.8  Module Stop Mode SEtng .......cooueriuiirriieriieeiieeite ettt ettt 535
12.8.9  Interrupts in Module Stop Mode.........cocueriiriieniiniieniinienieneeeee e 535
Section 13 Watchdog Timer (WDT).....cc.coiiiiiiiiiiiiieiieeeeeeeeeee e 537
D301 FOALUIES e eutteiiieete ettt ettt et ettt e st e sa e st e e sat e e sabeesateesabeebeeesabeenaeeas 537
132 INPUI/OULPUL PNl oottt ettt ettt e sbee e 538
13.3  ReISter DESCTIPHONS ..c..veeeuiieiiieeiie ettt ettt ettt et ettt s bae et e sbbesbeeebaeensees 538
13.3.1  Timer Counter (TCNT) ....ooiiiiiiiieiiie et ee e e e e e e eve e eanes 538
13.3.2  Timer Control/Status Register (TCSR).......cccoviiiiiiieiiiiiiieieeee e 539
13.3.3  Reset Control/Status Register (RSTCSR)......ccocoeiiiiiiiiiiiiieeeee e 540
13,4 OPETALION ..uventiiiiieiieieeitet ettt ettt sttt ettt et sa et b e sbe et et e e e et enaeneeenes 542
13.4.1  Watchdog Timer MOde .......ccccveeruiiiiiiniieniiienieerieesieeeie ettt sve et e e saee s 542
13.4.2  Interval Timer MOde.........coceviiiiriiiniiniiiiiiieececceeeteseese et 543
[3.5  TREEITUPE SOUICTE .euveuiiiiiiiieitieteeie ettt ettt et ettt et sbte s bt e bt et et st satesaeenbeenbeeneeenaesaaens 544
13,6 USAZE NNOLES ....eeueieiieeiie ettt ettt ettt et b e bt ettt et e et e sb e e bt e bt eateeateeseasb e e beenbeeneesneesanas 544
13.6.1  Notes 0n RegiSter ACCESS. ....eeuiruiiriieriieieeie ettt ettt ettt 544
13.6.2  Conflict between Timer Counter (TCNT) Write and Increment....................... 545
13.6.3  Changing Values of Bits CKS2 to CKSO.......cccceoeuiiriiiniiiiiiieniienicenieerieeeen 546
13.6.4  Switching between Watchdog Timer Mode and Interval Timer Mode............. 546
13.6.5 Internal Reset in Watchdog Timer Mode...........cccceevuerieniineinenncnnienieneeneene 546
13.6.6  System Reset by WDTOVF Signal.........ccccoooiiniiniiiiiiiiienieeeeee e 546
13.6.7  Transition to Watchdog Timer Mode or Software Standby Mode.................... 547
Section 14 Serial Communication Interface (SCI) ......ccooovvveeiiiiiiiiiiiiiireeeeneenn. 549
T4 L FRATUIES ....eueiiieieeieett ettt ettt et et et st st sb ettt e e e esesbe e be e beesneeanesanes 549
14.2  Tnput/OULPUL PINS...coiiiiiiiiiiiiiiceceeeeet ettt ettt sttt 551
14.3  RegiSter DeSCIIPHIONS .....eeutieiieiieeiieitie sttt ettt ettt sttt et ettt st e bt esbeeaeeneeas 552
14.3.1  Receive Shift Register (RSR) ......cooiiiiiiiiiiiieeeee e 554
14.3.2  Receive Data Register (RDR) ......cccooiiiiiiiiiiieieeeeeeeeeeeee e 554

Rev.2.00 Jun. 28, 2007 Page xix of xxiv
RENESAS



14.3.3  Transmit Data Register (TDR).......cccccoiiniiiiniiiiiniinieiecceeeeeeceee e 554

1434  Transmit Shift Register (TSR) ....coooeiiiiiiiiiee e 555
14.3.5  Serial Mode Register (SMR) ......ccccoiiiiiiiiiiiieieecee e 555
14.3.6  Serial Control Register (SCR) ......ceecuiriirieriieieeieeieeeeeieee e 558
14.3.7  Serial Status Register (SSR) ....cccueiriiiiiiiiiiiecceeeeeeee et 563
14.3.8  Smart Card Mode Register (SCMR)......ccccovviiiiiiiniiniiiiieciee e 571
14.3.9  Bit Rate Register (BRR) .....cceoiiiiiiiiiiinitceeceeeee e 572
14.3.10 Serial Extended Mode Register (SEMR) ........ccccooiiiiiiiiniiniiiiceceee 579
14.4  Operation in ASynchronous MOde ............cocueiieiiiiiriiiienieee e 581
14.4.1  Data Transfer FOrMAat..........ccccoeiiiiieiiieieeieeeee et 582
14.4.2  Receive Data Sampling Timing and Reception Margin
N ASYNChIONOUS MOE.......oiiiiiiiiiiiiieiie ettt 583
T4.4.3  CLOCK. ..ttt ettt ettt ettt 584
14.4.4  SCI Initialization (Asynchronous Mode).........cccecueeeerienienennenrie e 585
14.4.5  Serial Data Transmission (Asynchronous Mode) ............ccoceveenienenieneeneene. 586
14.4.6  Serial Data Reception (Asynchronous Mode) ...........cccceeeevieniiicricnicncenncnne. 588
14.5  Multiprocessor Communication FUNCLION .........cocueeviiiriiiiniiiiniieie et 592
14.5.1  Multiprocessor Serial Data TranSmiSSION ........covveerveeriieniernieeriieeieesieesieenns 594
14.5.2  Multiprocessor Serial Data Reception ...........ccccoeceeveevieniinienienennenienieneene 595
14.6  Operation in Clocked Synchronous Mode..........c.ceceeeeieieienienieneninenieeeeeeeieneeieneens 598
TA.6.1  CLOCK ...ttt et b e bt ettt st sae e 598
14.6.2  SCI Initialization (Clocked Synchronous Mode)...........ccceeeuevieneesenneeneeneenne. 599
14.6.3  Serial Data Transmission (Clocked Synchronous Mode) ..........cccceeeueerieennnenne 600
14.6.4  Serial Data Reception (Clocked Synchronous Mode) .........ccccceevveeveirniienneene 602
14.6.5  Simultaneous Serial Data Transmission and Reception
(Clocked Synchronous MoOdE) ........cccueeeerieriienieenieeieeie e 604
14.7  Operation in Smart Card Interface Mode...........coovueriiiieniiiiniineeeeeeeeeee e 606
14.7.1  Sample CONNECTOMN ... ..eoviriiiieiieiieie ettt ettt 606
14.7.2  Data Format (Except in Block Transfer Mode) .........cccccevevievciienieeniieenieennenn. 607
14.7.3  Block Transfer MOde ..........ccceecuirierienieneiieiicntcnicctcercetesie et 608
14.7.4  Receive Data Sampling Timing and Reception Margin ..........ccccceceeveevennnennne. 609
14.7.5  INIHAHZATOMN .couteeiiiiiiiitieitieeee ettt ettt st e st esbeebeeee e 610
14.7.6  Data Transmission (Except in Block Transfer Mode) ..........ccccceeeeviriincennenne. 611
14.7.7  Serial Data Reception (Except in Block Transfer Mode) .......c..cccceceveruerueennee. 614
14.7.8  Clock OUtput CONLIOL....cccuviiriiieriiieniienieerie ettt ettt et e esareesbeeenaeeens 615
14.8  TNLETTUPL SOUTCES..ccuvieritieriieeiiieenteesiieeste ettt ettt estteestteesbteestteebteestesbaeeseesbaeensaesnbaeenseenns 617
14.8.1  Interrupts in Normal Serial Communication Interface Mode ..........cc..coceeneee. 617
14.8.2  Interrupts in Smart Card Interface Mode ...........cecevieiiiniininrenienenceeee e 618
14.9  USAZE INOLES c..euviriiieiieiieiieietetente sttt ettt ettt ettt sa e bt et et e e b sa e bt sae bt et esn s esaennenaeen 619
14.9.1  Module Stop Mode Setting ..........cceevuieiirieniieniieieeienieseeseere e 619

Rev.2.00 Jun. 28, 2007 Page xx of xxiv
RENESAS



14.9.2  Break Detection and ProCessing .........cccceevereenieenierienienieneeeeie e 619

14.9.3  Mark State and Break Detection ............cceveerueeiiieiinienieieeieeee e 619

14.9.4  Receive Error Flags and Transmit Operations
(Clocked Synchronous Mode Only) ........cccoocerienieiiniiniienienieeeeeeeeeeee 619
14.9.5 Relation between Writing to TDR and TDRE Flag .........ccccccovcvvviiiniiiniennnen. 620
14.9.6  Restrictions on Using DTC or DMAC.........ccoociiriiiniiiiniienieenieesieeieenve e 620
14.9.7  SCI Operations during Mode Transitions ...........cccceeueeeerieneenennennieneeneeneenn 621
Section 15 A/D CONVEITET....c...eiiiiiiiiiiieniieeieeeeeete ettt 625
D51 FOALUIES ..ceeueteiiieetee ettt ettt ettt e st e st esa e st e e sat e e sabeesbteesabeenbeeesabeenaneas 625
152 INPUI/OULPUL PINS..ciiiiiiiiiiiiieiieeite ettt sttt sttt st e st esbaesanees 627
153 RegiSter DESCTIPHOMNS .....veeeuiieiiieiiie ettt ettt ettt ettt et sbae et e sbtesbeesbaeensees 627
15.3.1  A/D Data Registers A to H (ADDRA to ADDRH) .......c.cccoceiniininiiniineecnn 628
15.3.2  A/D Control/Status Register (ADCSR) ......cccvoriiiiiiiiiiieieeeeee e 629
15.3.3  A/D Control Register (ADCR) ......c.coiiiiiiiiiiiieeieteeee et 631
15,4 OPETALION ..cuentiiiniieiieieeitetete ettt ettt sttt ettt et sa et st sbe bt eat et na et e ae e enes 632
15.4.1  SINGIE MOAC....couiiiiiiiiieeiteceeet ettt ettt ettt et et esabeenaee s 632
1542 SCANMOAE ....oniiiiiiiiiiciieteeteetere ettt ettt et s s 633
15.4.3  Input Sampling and A/D Conversion Time ..........ccoceevervieneencnncnnienieneenienn 635
15.4.4  External Trigger Input Timing........cccceeveriiiriinieniieiieiest e 636
15.5  TNEEITUPE SOUICE ....ueiiiitieiieiieie ettt ettt et ettt ettt e s e sb e sb e bt e be st e saeesaeeneeeneeeneeeneens 637
15.6  A/D Conversion Accuracy Definitions ..........cocoeereeieieierienineninenceeeientesene e 637
157 USAZE INOLES 1.ttt ettt ettt ettt st st e sabe e st e e sabeesabeesabeesabeesabaesabeesabeennseesabaennneas 639
15.7.1  Module Stop MOde SEtNg .......covuerriieeriieriieeiieeiie ettt ettt 639
15.7.2  Permissible Signal Source Impedance ...........c..ccoceeveeviriiiniinienennienieneeneene. 639
15.7.3  Influences on AbSOIUtE ACCUTACY .......ccveeiuieiinieniieiieieeie st 640
15.7.4  Setting Range of Analog Power Supply and Other Pins...........cccccecerinnnene. 640
15.7.5  Notes on Board Design ........ccocueieriiiinininininieeieietesieseeee et 640
15.7.6  Notes on Noise COUNEIMEASUIES .......cccueeverreerreerreererrenrenieenreeieseeseesseenseenns 641
15.7.7  A/D Input Hold Function in Software Standby Mode ..........ccccceevvernirenuennnnen. 642
Section 16 D/A CONVEITET ......ccovuiiiiiiiiiiieieiieeeiteeete ettt st 643
LO.1  FRALUIES ....eeiieieiiee ettt ettt b ettt et st e bt e s bt et et e eat e e st e eb e e bt e beenseeneeeanes 643
162 Input/Output PINS....cccioiiiiiiiiiiiiiieeee ettt e 644
16.3  RegISter DESCIIPONS .....veieuiiiiiieeiie ettt ettt ebe e st st e sbae et esbeesbeesbaeennees 644
16.3.1  D/A Data Registers 0 and 1 (DADRO and DADRI)....ccccccovivviiiiniiiiniiinieeenn 644
16.3.2  D/A Control Register 01 (DACROL) ..cceoviiriiiiiiiiniiienieeeeceeceeeee e 645
160.4  OPETALION ...ttt ettt ettt ettt e st e s bt e sbe e bt et e et e eateebe e st enbeenteenteesaeebeenbeenbeenseeanas 647
160.5  USAZE NOLES ....eeutieiieii ettt ettt ettt et esh et e e bttt et e sa e e sbe e bt et e eateeateeseesbe e beenbeeneesneesaeas 648
16.5.1  Module Stop Mode SEttng .........ccocerierieriieiiieiinieiieieereeresee e 648

Rev.2.00 Jun. 28, 2007 Page xxi of xxiv
RENESAS



16.5.2  D/A Output Hold Function in Software Standby Mode...........cccccecuerveniencnnne. 648

Section 17 RAM ..o s 649
Section 18 Clock Pulse GEnerator............ccocveevueerierniienieenienieeee e 651
18.1  RegISter DESCIIPHON .o..veeiiieiiieiiieiieeste ettt ettt ettt et e s e et esabeesateesateesaneens 652
18.1.1  System Clock Control Register (SCKCR)........ccccerviiniiniiniiniiinicniciccicneeee, 652
18.2  OSCHLALOL ...ttt ettt st sb e se et e e eaeesbeesbe e beebeeaeens 655
18.2.1  Connecting Crystal ReSONALOL ........cc.cecuiriiiiiiieiieie e 655
18.2.2  External Clock INPUL....c...ooieiiiiiiiiiiiiiiiiieeeeeeeeee e e 656
18.3  PLL CICUIL ..ttt ettt sttt ettt ettt st st a et snesn et snens 656
18.4  Frequency DIVIALT .....ccceiiiiiiiiiiieiiieeeeste ettt sttt ettt sttt et esateesabeesasee s 656
I18.5  USAZE INOLES ..couveeutieiiieiteniteteeteeit ettt sttt et st sate st e bt et e bt e bt e sbe e bt e b e eabesaaesbeesaeenbeenne 657
18.5.1  Notes on Clock Pulse GEnerator............cccceevueeuerienienieeniieieeeenieenieeee e 657
18.5.2  NOtes 0N RESONALOT .........eiiuiiiiieiiiieiieriieeee ettt 658
18.5.3  Notes 0n Board Design ........cccuevuerierininininieieieteiesenene sttt 658
Section 19 Power-Down MOdEs..........ccccviiriiriiniininniinieiiciceeciecieseeieeeen 661
LO.1  FRALUIES. ..c..euiiieiieiiieteettet ettt st ettt saeae e 661
19.2 RegiSter DESCIIPLIONS .....c.veouiriitirtiriieiietetertestese ettt ettt st sttt saesae st sae e 663
19.2.1  Standby Control Register (SBYCR) .....cccccuevieviiriinininininicecicecieiciceneenen 664
19.2.2  Module Stop Control Registers A, B (MSTPCRA, MSTPCRB)...................... 666
19.2.3  Module Stop Control Register C (MSTPCRC)......cccccoecviiviirniiiieeieiiieeeieene 669
19.3  Multi-Clock FUNCHON ....c..oouiiiiiiiiiiiiiiiiiiiiicc e 670
19.4  SIEEP MOME ......ioniiiiieiiiiteee ettt ettt ettt ettt e be ettt eae 671
19.4.1  Transition to SIeep MOdE.........coevirieiiriiiiiiieieneeereeeeeeereere e 671
19.4.2  Clearing SIEep MOdE ........cocveuieiiiiiniiniiniiiieteectetetese ettt s 671
19.5  Software Standby MOdE.......c..coeriririreiieniinienenteeceeetee ettt s 672
19.5.1  Transition to Software Standby Mode ...........ccceecuerriienieeriiienieenieenieereeeseene 672
19.5.2  Clearing Software Standby MoOde..........coccueerieeriiiriieniienieenieeseeenee e 672
19.5.3  Setting Oscillation Settling Time after Clearing Software Standby Mode ....... 673
19.5.4  Software Standby Mode Application Example..........cccceceeeveieciinenenenincnenne. 675
19.6  Hardware Standby MOdE ........cc.coceriruiriiieriiiiieniicetetectee sttt s 676
19.6.1  Transition to Hardware Standby Mode..........ccccocerinenirerieniiienenenenenceene 676
19.6.2  Clearing Hardware Standby Mode.........cccccevviiiriiiiniiiiniiieiiieniee e 676
19.6.3  Hardware Standby Mode Timing..........cceeceervuieeriirniieniiieiniienieesieesiee e siee s 676
19.6.4  Timing Sequence at POWer-On ..........ccccooeeviiiiiiiinienieniinicnteeeeseeieeeeee e 677
19.7  Module StOP MOE .......ooiiuiiiiiiniiniieiieteteertere ettt sttt s 678
19.7.1  Module Stop MO .....coeeuiiiiiiiiiinieeiteeeeceeeerese ettt 678
19.7.2  All-Module-Clock-Stop Mode.........cccooviiriiriiiiiiiiiiienieeeieee e 678

Rev.2.00 Jun. 28, 2007 Page xxii of xxiv
RENESAS



19.8  Sleep Instruction Exception Handling ..........c..ccocceveriiiiiiniiniininniniciieneeiceiceieseeneens 679

19.9 B¢ Clock Output CONLIOL...c..coueruiriiriieieieieienteeterie ettt ettt sae e s eae 682
19,10 USAZE INOLES ...euvevitiiieiieireteteteete st sttt ettt et sttt sttt e ea et bbbt st et ene e enenaenes 683
19.10.1  I/O POIt STALUS....eeeiiiieeiiiiiieee e ettt eeeceee e e e eeeerr e e e e e e eeetaaeeeeeeeeeatnraeeeeeeens 683
19.10.2 Current Consumption during Oscillation Settling Standby Period ................... 683
19.10.3 Module Stop Mode of DMAC or DTC ........oovviiiiiiiiiiiiieiteceeeieeieeeeeen 683
19.10.4 On-Chip Peripheral Module INterrupts .......c..ceceevverienienienennenieneeneeneeeeeane 683
19.10.5 Writing to MSTPCRA, MSTPCRB, and MSTPCRC ..........cccceceiriiiieieenne 683
Section 20 List Of REZISIETS ....cevviiiiiiiiiiiieeiieeeiieete et 685
20.1 Register Addresses (AdAress OTAET).......eovuuierieeriirrieenieerieerte et et eee s eiee e e saee e 686
20.2  REZISIET BIlS..uuiiiiiieiiiiiieeiie ittt ettt ettt e e sbe e et et e s bt e e beesbaeebeeea 697
20.3 Register States in Each Operating Mode ..........cccceoeevierviinieniineeneieniceteneeieeeeeenene 714
Section 21 Electrical CharaCteriStiCs ........cccvvvirereuiieeeriiieeeeriieeeesieeeeeseveeeeenens 725
21.1  Electrical Characteristics (at 35-MHZ Operation)............ccecevvereereereeeeeseenieeereeeeeeneeens 725
21.1.1  Absolute Maximum Ratings .........cccceevvuieriiieniiieniiienieenieenieente et e e 725
21.1.2  DC CRaraCteriSTICS ..veeeuvrerrierieerrienieesteesteesreesteessreesreessseessseessseessseessseesaeens 726
21.1.3  AC CRAraCteriSTICS ..veeeurerreeeieerieeniteesteesiteesreesseesseesseessseessseessseessessssesnsneens 729
21.1.4  A/D Conversion CharaCteriStiCS. ........ccouuriieiuireeeieeeeeiieeeeeiieeeeeaeeeeereeeeeereeeeeans 736
21.1.5  D/A Conversion CharaCteriStiCS. ........ccvuurrieiuuieeeeieeeeeiieeeecieeeeeeaeeeeereeeeeereeeeeans 736
21.2  Electrical Characteristics (at 50-MHZ Operation)...........ccceceveereereereeeieseenieeieeeeeeeneens 737
21.2.1  Absolute Maximum Ratings ........ccccceevvuiiriiieriiieniiieniienieenieenee e 737
21.2.2  DC CRaraCteriSTICS ..veeeuvierreerieeriienieesieeseeesteesreesseesreessseessseessseessseesssesssaeens 738
21.2.3  AC CRAraCteTiSTICS ..vveevrerrieeieerieeeieesteesteesreesseesseesseessseessseessseessesssseenaeens 741
21.2.4  A/D Conversion CharaCteriStiCS. ........ccvuurieeiuieeeerieeeeitieeeeeiieeeeeteeeeereeeeeereeeeeans 748
21.2.5 D/A Conversion CharaCteriStiCS. ........covuuriieiuieeeeiieeeeiiieeeeetieeeeeteeeeereeeeeereeeeeans 748
21.3  TIMING CRATTS ....eouiiiiiiiiieeieee ettt e s s st e 749
APPEIAIX ¢ttt ettt ettt et bee st ens 769
A Port States in Each Pin State.......ccc.eeviiiiiieiieeieeie ettt 769
B Product LANEUP.......coiuiiiieiieie ettt ettt b e b e e saee e 772
C. Package DIMENSIONS ......cc.eeiuiiiiiiiieieeiieet ettt ettt et st sae e et et et eeatesbeenbeans 773
D Treatment of UnUSEd PinS...........oooeiviiiiiiiie e e 774
Main Revisions and Additions in this Edition............ccccccoviiiieiiiiiiiiiieeceiee, 777
TNACXK e e e e e e e e e et r e e e e e e e e arrrraaaeas 779

Rev.2.00 Jun. 28, 2007 Page xxiii of xxiv
RENESAS



Rev.2.00 Jun. 28, 2007 Page xxiv of xxiv
RENESAS



Section 1 Overview

Section 1 Overview

1.1 Features

The core of each product in the H8SX/1651 Group of CISC (complex instruction set computer)
microcomputers is an H8SX CPU, which has an internal 32-bit architecture. The H8SX CPU
provides upward-compatibility with the CPUs of other Renesas Technology-original
microcomputers; H8/300, H8/300H, and HS8S.

As peripheral functions, each LSI of the Group includes a DMA controller, which enables high-
speed data transfer, and a bus-state controller, which enables direct connection to different kinds
of memory. The LSI of the Group also includes serial communication interfaces, A/D and D/A
converters, and a multi-function timer that makes motor control easy. Together, the modules
realize low-cost configurations for end systems. The power consumption of these modules are
kept down dynamically by an on-chip power-management function.

111 Applications

Examples of the applications of this LSI include PC peripheral equipment, optical storage devices,
office automation equipment, and industrial equipment.

Rev.2.00 Jun. 28, 2007 Page 1 of 784
RENESAS REJ09B248-0200



Section 1 Overview

112 Overview of Functions
Table 1.1 lists the functions of H8SX/1651 Group products in outline.

Tablel.1 Overview of Functions

Module/
Classification Function  Description
Memory — e ROM lineup: ROMless versions only
RAM o RAM capacity: 40 Kbytes
CPU CPU e 32-bit high-speed H8SX CPU (CISC type)
Upward compatibility for H8/300, H8/300H, and H8S CPUs at
object level

e Sixteen 16-bit general registers

e Eleven addressing modes

e 4-Gbyte address space
Program: 4 Gbytes available
Data: 4 Gbytes available

e 87 basic instructions, classifiable as bit arithmetic and logic
instructions, multiply and divide instructions, bit manipulation
instructions, multiply-and-accumulate instructions, and others

e Minimum instruction execution time: 20.0 ns (for an ADD
instruction while system clock I¢ = 50 MHz and
V., =3.0t03.6V)

e On-chip multiplier (16 x 16 — 32 bits)

e Supports multiply-and-accumulate instructions
(16 x 16 + 32 — 32 bits)

Operating e Advanced mode

mode

MCU Mode 4: On-chip ROM disabled external extended mode, 16-bit
operating bus

mode (selected by driving the MDO pin low)

Mode 5: On-chip ROM disabled external extended mode, 8-bit bus
(selected by driving the MDO pin high)

e Low power consumption state (transition driven by the SLEEP
instruction)
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Module/
Classification Function  Description
Interrupt Interrupt ¢ Thirteen external interrupt pins (NMI, and IRQ11 to IRQO)
(source) clcl)\ln_l’fgller e 68 internal interrupt sources
( ) ¢ Two interrupt control modes (specified by the interrupt control
register)
e Eight priority orders specifiable (by setting the interrupt priority
register)
¢ Independent vector addresses
DMA DMA e Four-channel DMA transfer available
?Smfg‘;‘r e Three activation methods (auto-request, on-chip module
interrupt, external request)
e Three transfer modes (normal transfer, repeat transfer, block
transfer)
o Dual or single address mode selectable
o Extended repeat-area function
Data ¢ Allows DMA transfer over 55 channels (number of DTC
transfer activation sources)
controller . . .
(DTC) e Activated by interrupt sources (chain transfer enabled)
e Three transfer modes (normal transfer, repeat transfer, block
transfer)
¢ Short-address mode or full-address mode selectable
External bus Bus e 16-Mbyte external address space
extension ;:é)gté())ller e The external address space can be divided into eight areas,

each of which is independently controllable

— Chip-select signals (CS0 to CA7) can be output

— Access in two or three states can be selected for each area
— Program wait cycles can be inserted

— The period of CS assertion can be extended

— lIdle cycles can be inserted

Bus arbitration function (arbitrates bus mastership among the
internal CPU and DTC, and external bus masters)
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Module/
Classification Function  Description
External bus Bus Bus formats
extension controller e External memory interfaces (for the connection of ROM, burst
(BSC) ROM, SRAM, and byte control SRAM)
e Address/data bus format: Support for both separate and
multiplexed buses (8-bit access or 16-bit access)
e Endian conversion function for connecting devices in little-
endian format
Clock Clock pulse e One clock generation circuit available
generator Separate clock signals are provided for each of functional
(CPG) ) o a
modules (detailed below) and each is independently specifiable
(multi-clock function)
— System-intended data transfer modules, i.e. the CPU, runs
in synchronization with the system clock (I¢): 8 to 50 MHz
— Internal peripheral functions run in synchronization with the
peripheral module clock (P¢): 8 to 35 MHz
— Modules in the external space are supplied with the external
bus clock (B¢): 8 to 50 MHz
e Includes a PLL frequency multiplication circuit and frequency
divider, so the operating frequency is selectable
e Five low-power-consumption modes: Sleep mode, module-stop
mode, all-module-clock-stop mode, software standby mode,
and hardware standby mode
A/D converter A/D e 10-bit resolution x eight input channels
converter e Sample and hold function included
(ADC) e Conversion time: 7.4 us per channel (with peripheral module

clock (P¢) at 35-MHz operation)
Two operating modes: single mode and scan mode

Three ways to start A/D conversion: software, timer (TPU/TMR)
trigger, and external trigger
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Module/
Classification Function  Description
D/A converter D/A e 8-bit resolution x two output channels
converter e Qutput voltage: 0 V to Vref, maximum conversion time: 10 us
(DAC) (with 20-pF load)
Timer 8-bittimer e 8 bits x four channels (can be used as 16 bits x two channels)
(TMR) e Select from among seven clock sources (six internal clocks and
one external clock)
¢ Allows the output of pulse trains with a desired duty cycle or
PWM signals
16-bit timer e 16 bits x six channels (general pulse timer unit)
pulse unit e  Select from among eight counter-input clocks for each channel
(TPU) e Up to 16 pulse inputs and outputs
e Counter clear operation, simultaneous writing to multiple timer
counters (TCNT), simultaneous clearing by compare match and
input capture possible, simultaneous input/output for registers
possible by counter synchronous operation, and up to 15-phase
PWM output possible by combination with synchronous
operation
o Buffered operation, cascaded operation (32 bits x two
channels), and phase counting mode (two-phase encoder
input) settable for each channel
e Input capture function supported
e Output compare function (by the output of compare match
waveform) supported
Program- e 16-bit pulse output
mable pulse ¢ Four output groups, non-overlapping mode, and inverted output
generator can be set
(PPG) o Selectable output trigger signals; the PPG can operate in
conjunction with the data transfer controller (DTC) and the DMA
controller (DMAC)
Watchdog timer Watchdog ¢ 8 bits x one channel (selectable from eight counter input clocks)
timer ¢ Switchable between watchdog timer mode and interval timer
(WDT) mode
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Module/
Classification Function

Description

Serial interface  Serial
communi-
cation
interface

Smart card/ (SCh

SIM

Five channels (select asynchronous or clocked synchronous
serial communication mode)

Full-duplex communication capability
Select the desired bit rate and LSB-first or MSB-first transfer

The SCI module supports a smart card (SIM) interface.

I/O ports

Eight CMOS input-only pins

50 CMOS input/output pins

Eight large-current drive pins (port 3)
11 pull-up resistors

11 open drains

Package

120-pin thin QFP package (package code: FP-120B, package
dimensions: 14 x 14 mm, pin pitch: 0.40 mm)

Lead- (Pb-) free versions available

Operating frequency/
Power supply voltage

Operating frequency: 8 to 50 MHz
Power supply voltage: Vcc = 3.0t0 3.6 V, Avecc =3.0t0 3.6 V
Supply current:
— 30 mA (typ.) (Vcc=3.3V, Avcc =33V, o =Pp =B =
35 MHz)
— 45 mA (typ.) (Vcc =3.3 V, Avcc = 3.3 V, I¢p = B = 50 MHz,
P¢ = 25 MHz)

Operating peripheral
temperature (°C)

—20 to +75°C (regular specifications)
—40 to +85°C (wide-range specifications)
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1.2 List of Products
Table 1.2 is the list of products, and figure 1.1 shows how to read the product name code.

Tablel.2 List of Products

Product Type No. ROM Capacity RAM Capacity Package Remarks
R5S61651CFPV — 40 Kbytes PLQPO0120LA-A ROMIless versions
(FP-120BV) only

(as of June, 2007)

Producttypeno. R 5 S 61651C FP V

Indicates the Pb-free version.

Indicates the package.
FP: LQFP

Indicates the product-specific number.
H8SX/1651 Group

Indicates the type of ROM device.
S: External ROM

Indicates the product classification
Microcomputer

R indicates a Renesas semiconductor product.

Figurel.l1 How to Read the Product Name Code
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13 Block Diagram

A AN
K WDT Port 1
Port 2
Interrupt k) TMR (unit 0)
AN controller K (TMR_0, TMR_1)
— TMR ( ) Port 3
unit
— (TMR_2, TMR_3)
@ Port 5
3
" BSC (2 TPU
3 Sk——| (channel 0to Port 6
HB8SX < channel_5) or
(| E =3 =
CPU 2 [5)
2 o
§ g — PPG Port A
= Q
o <
2 £
IS Port B
DMAC K| SCI x5 channels
bTC ) x 4 channels —
Port D
K
A/D converter Port E
Cg;g(:(elglilc?re —|  D/A converter Port F
» Port H
=1
o)
S N
c
§ Port |
x
]
N
[Legend]

CPU: Central processing unit TMR: 8-bit timer
DTC: Data transfer controller TPU: 16-bit timer pulse unit

BSC: Bus controller
DMAC: DMA controller
WDT: Watchdog timer

PPG: Programmable pulse generator
SCI:  Serial communication interface

Figurel.2 Block Diagram
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14 Pin Assignments
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S2LL8BIBLSRRRRRYIRNRIRBBEE8IBE
P62/TMO2/SCK4/DACK2/IRQT0-B/TRST <[] 91 60 [1<—>Dp
PLLVce o2 59 [J<—>Ds
P63/TMRI3/DREQ3/RQT1-B/TMS <[] 93 58 [1<—>D4
PLLVss [ o7 s7d Vss
P64/TMCI3/TENDS/TDI <+ [ 95 56 [1<—>D3
P65/TMO3/DACKS/TCK <[] 96 55 [J<—>D2
MDo —[] 97 54 J<—>D1
P50/ANO/IRQ0-B — [ 98 53 [J<—Do
P51/AN1/RQT-B — [ 99 52 [J<—nmi
P52/AN2/IRG2-B — [] 100 51 [J<— P37/PO15/TIOCA2/TIOCB2/TCLKD-A
Avee o1 50 []<— P36/PO14/TIOCA2
P53/AN3/IRQ3-B — [] 102 49 [~ P35/PO13/TIOCA1/TIOCB1/TCLKC-A/DACKT-B
AVss 103 48 [~ P34/PO12/TIOCA1/TENDT-B
P54/AN4/IRQ4-B — [ 104 H8SX/1651 Group 47 [~ P33/PO11/TIOCCO/TIOCDO/TCLKB-A/DREQT-B
vref —» 105 PLQPO120LA-A (FP-120BV) 46 [~ P32/PO10/TIOCCO/TCLKA-A/DACKO-B
P55/AN5/RQ5-B — [ 106 (Top View) 45 [ ]~ P31/PO9/TIOCAO0/TIOCBO/TENDO-B
P56/AN6/DAORQE-B <—[] 107 44 Ve
P57/AN7/DA1/IRQ7-B <—[] 108 43 [~ P30/PO8/DREQD-B/TIOCAD
MD1 — [} 109 42 Vss
PAO/BREQO/BS-A <—[] 110 41 [J~—> P27/PO7/TIOCAS/TIOCB5
PA1/BACK/[RDWR] <—> [ 111 40 [~ P26/PO6/TIOCAS/TMO1/TxD1
PA2/BREQ/WAIT <—>[] 112 39 [J~—> P25/PO5/TIOCA4/TMCI1/RxD1
LLWR/LLB <113 38 [~ P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1
PA4/LHWR/LUB <—[] 114 37 [J~—> P23/PO3/TIOCC3/TIOCD3RATI-A
RD <[] 115 36 [ ]+ P22/PO2/TIOCC3/TMOO/TXDO/IRQT0-A
PA6/AS/AH/BS-B <—>[] 116 35 [J~— P21/PO1/TIOCA3/TMCIO/RXxDO/RQS-A
Vss 7 34 [J~—> P20/POO/TIOCA3/TIOCB3/TMRIO/SCKO/RGB-A
PA7/B0 <[] 118 33[0<—emLE
Vee 1o O 32 0—>A0
PB0/CS0/CS4-A/CS5-B <— [ 120 31[d—A1
Mo vwoNnoo o r e 2IR2RR285AIRENERS
CCNOOQQOgENOLTNgNYgroANE gOIT O
Hg‘g%' ‘g‘g‘%z§222222$2§22“<<§<<<<
g 010
58 g3
8S Bss
ag To
g
[

PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B <—»[]1

Note: *

PF7/A23/C84-C/CS5-C/CS6-C/CS7-C <—»-[]5

This is an on-chip emulator enable pin. Drive this pin low for the connection in normal operating mode.

When this pin is driven high, the on-chip emulation function is enabled and pins P62, P63, P64, P65, and
WDTOVF are dedicated for the on-chip emulator. For details on a connection example with the E10A,
refer to the E10A Emulator User's Manual.

Figure1.3 Pin Assignments
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15 Pin Functions

Table1l.3 Pin Functions

Classification  Pin Name 1/0 Description
Power supply Ve — Power supply pins. Connect them to the system power
supply.
' — Connect this pin to V via a 0.1-uF capacitor (The capacitor
should be placed close to the pin).
Vg — Ground pins. Connect them to the system power supply
oV).
PLLV, — Power supply pin for the PLL circuit.
PLLV — Ground pin for the PLL circuit.
Clock XTAL Input Pins for a crystal resonator. An external clock signal can be
EXTAL Input input thr.ough the EXTAL pin. For an example of this
connection, see section 18, Clock Pulse Generator.
Bé Output  Outputs the system clock for external devices.
Operating mode MD2 to MDO Input Pins for setting the operating mode. The signal levels on
control these pins must not be changed during operation.
System control ES Input Reset signal input pin. This LSI enters the reset state when
this signal goes low.
STBY Input This LSI enters hardware standby mode when this signal
goes low.
EMLE Input Input pin for the on-chip emulator enable signal. The signal
level should normally be fixed low.
Address bus A23 to A0 Output  Output pins for the address bits.
Data bus D15 to DO Input/ Input and output for the bidirectional data bus. These pins
output  also output addresses when accessing an address—data
multiplexed /O interface space.
Bus control BREQ Input External bus-master modules assert this signal to request
the bus.
BREQO Output  Internal bus-master modules assert this signal to request

access to the external space via the bus in the external bus
released state.
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Classification  Pin Name 110 Description
Bus control BACK Output  Bus acknowledge signal, which indicates that the bus has
been released.

BS-A/BS-B Output Indicates the start of a bus cycle.

AS Output  Strobe signal which indicates that the output address on the
address bus is valid in access to the basic bus interface or
byte control SRAM interface space.

AH Output  This signal is used to hold the address when accessing the
address-data multiplexed 1/O interface space.

RD Output  Strobe signal which indicates that reading from the basic
bus interface space is in progress.

RD/WR Output  Indicates the direction (input or output) of the data bus.

LHWR Output  Strobe signal which indicates that the higher-order byte
(D15 to D8) is valid in access to the basic bus interface
space.

LLWR Output  Strobe signal which indicates that the lower-order byte (D7
to DO) is valid in access to the basic bus interface space.

LUB Output  Strobe signal which indicates that the higher-order byte
(D15 to D8) is valid in access to the byte control SRAM
interface space.

LLB Output  Strobe signal which indicates that the lower-order byte (D7
to DO) is valid in access to the byte control SRAM interface
space.

SO Output  Select signals for areas 0 to 7.
S1
S2-A/CS2-B
S3
S4-A/CS4
S5-A/CS5
S5-C/CS5-D
S6-A/CS6
S6-C/CS6
S7-A/CS7
CS7-C
WAIT Input Requests wait cycles in access to the external space.
Rev.2.00 Jun. 28, 2007 Page 11 of 784
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Classification

Pin Name 1/0 Description

Interrupt

z
£

Non-maskable interrupt request signal. When this pin is not
in use, this signal must be fixed high.

Input

Input Maskable interrupt request signal.

DMA controller

DREQO-A/DREQO-B Input Requests DMAC activation.

(DMAC) DREQ1-A/DREQ1-B
DREQ2
DREQS3
DACKO-A/DACKO-B Output DMAC single address-transfer acknowledge signal.
DACK1-A/DACK1-B
DACK2
DACKS3
TENDO-A/TENDO-B Output Indicates end of data transfer by the DMAC.
TEND1-A/TEND1-B
TEND2
TENDS3
16-bit timer TCLKA-A/TCLKA-B Input Input pins for the external clock signals.
pulse unit (TPU) TCLKB-A/TCLKB-B
TCLKC-A/TCLKC-B
TCLKD-A/TCLKD-B
TIOCAO Input/ Signals for TGRA_0O to TGRD_O. These pins are used as
TIOCBO output  input capture inputs, output compare outputs, or PWM
TIOCCO outputs.
TIOCDO
TIOCAA1 Input/ Signals for TGRA_1 and TGRB_1. These pins are used as
TIOCBH1 output  input capture inputs, output compare outputs, or PWM
outputs.
Rev.2.00 Jun. 28, 2007 Page 12 of 784
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Classification  Pin Name 110 Description
16-bit timer TIOCA2 Input/ Signals for TGRA_2 and TGRB_2. These pins are used as
pulse unit (TPU) TIOCB2 output  input capture inputs, output compare outputs, or PWM
outputs.
TIOCA3 Input/ Signals for TGRA_3 to TGRD_3. These pins are used as
TIOCB3 output  input capture inputs, output compare outputs, or PWM
TIOCC3 outputs.
TIOCD3
TIOCA4 Input/  Signals for TGRA_4 and TGRB_4. These pins are used as
TIOCB4 output  input capture inputs, output compare outputs, or PWM
outputs.
TIOCA5 Input/ Signals for TGRA_5 and TGRB_5. These pins are used as
TIOCB5 output input capture inputs, output compare outputs, or PWM
outputs.
Programmable  PO15 to POO Output  Output pins for the pulse signals.
pulse generator
(PPG)
8-bit timer TMOO to TMO3 Output  Output pins for the compare match signals.
(TMR) TMCIO to TMCI3 Input Input pins for the external clock signals that drive for the
counters.
TMRIO to TMRI3 Input Input pins for the counter-reset signals.
Watchdog timer WDTOVF Output  Output pin for the counter-overflow signal in watchdog-timer
(WDT) mode.
Serial TxDO to TxD4 Output  Output pins for data transmission.
communication
interface (SCI)
RxDO0 to RxD4 Input Input pins for data reception.
SCKO to SCK4 Input/ Input/output pins for clock signals.
output
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Classification  Pin Name I{e] Description
A/D converter  AN7 to ANO Input Input pins for the analog signals to be processed by the A/D
converter.
ADTRGO Input Input pin for the external trigger signal that starts A/D
conversion.
D/A converter DA1 Output  Output pins for the analog signals from the D/A converter.
DAO
A/D converter, AV, Input Analog power supply pin for the A/D and D/A converters.
D/A converter When the A/D and D/A converters are not in use, connect
this pin to the system power supply.
AV Input Ground pin for the A/D and D/A converters. Connect this pin
to the system power supply (0 V).
Vref Input Reference power supply pin for the A/D and D/A converters.
When the A/D and D/A converters are not in use, connect
this pin to the system power supply.
I/O ports P17 to P10 Input/ 8 input/output pins.
output
P27 to P20 Input/ 8 input/output pins.
output
P37 to P30 Input/ 8 input/output pins.
output
P57 to P50 Input 8 input/output pins.
P65 to P60 Input/ 6 input/output pins.
output
PA7, PA6, PA4 Input/ 5 input/output pins.
PA2 to PAO output
PB3 to PBO Input/ 4 input/output pins.
output
PF7 to PF5 Input/ 3 input/output pins.
output
PI7 to PIO Input/ 8 input/output pins.
output
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Section 2 CPU

The H8SX CPU is a high-speed central processing unit with an internal 32-bit architecture that is
upward-compatible with the H8/300, H8/300H, and H8S CPUs. The H8SX CPU has sixteen 16-
bit general registers, can handle a 4-Gbyte linear address space, and is ideal for a realtime control
system.

2.1 Features

Upward-compatible with H8/300, H8/300H, and H8S CPUs

Can execute these CPU's object programs

General-register architecture

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
87 basic instructions

8/16/32-bit arithmetic and logic instructions

Multiply and divide instructions

Bit field transfer instructions

Powerful bit-manipulation instructions

Bit condition branch instructions

Multiply-and-accumulate instruction

Eleven addressing modes

Register direct [Rn]

Register indirect [@ERn]

Register indirect with displacement [@(d:2,ERn), @(d:16,ERn), or @(d:32,ERn)]

Index register indirect with displacement [@(d:16,RnL.B), @(d:32,RnL.B), @(d:16,Rn.W),
@(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)]

Register indirect with post-/pre-increment or post-/pre-decrement
[@+ERn/@-ERn/@ERn+/@ERn—]

Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]

Immediate [#xx:3, #xx:4, #xx:8, #xx:16, or #xx:32]

Program-counter relative [@(d:8,PC) or @(d:16,PC)]

Program-counter relative with index register [ @(RnL.B,PC), @(Rn.W,PC), or @(ERn.L,PC)]
Memory indirect [@ @aa:8]

Extended memory indirect [@ @vec:7]
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e Two base registers
Vector base register
Short address base register
e 4-Gbyte address space
Program: 4 Gbytes
Data: 4 Gbytes
e High-speed operation
All frequently-used instructions execute in one or two states
8/16/32-bit register-register add/subtract: 1 state
8 x 8-bit register-register multiply: 1 state
16 + 8-bit register-register divide: 10 states
16 x 16-bit register-register multiply: 1 state
32 + 16-bit register-register divide: 18 states
32 x 32-bit register-register multiply: 5 states
32 + 32-bit register-register divide: 18 states
e Four CPU operating modes
Normal mode
Middle mode
Advanced mode
Maximum mode
e Power-down modes
Transition is made by execution of SLEEP instruction
Choice of CPU operating clocks

Notes: 1. Advanced mode is only supported as the CPU operating mode of the H8SX/1651
Group. Normal, middle, and maximum modes are not supported.

2. The multiplier and divider are supported by the H8SX/1651 Group.
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2.2 CPU Operating M odes

The H8SX CPU has four operating modes: normal, middle, advanced, and maximum modes. As
for selecting the mode, see section 3.1, Operating Mode Selection.

Maximum 64 kbytes for program
Normal mode and data areas combined

Maximum 16-Mbyte program
area and 64-kbyte data area,
Middle mode maximum 16 Mbytes for program
and data areas combined

CPU operating modes

Maximum 16-Mbyte program
area and 4-Gbyte data area,
maximum 4 Gbytes for program
and data areas combined

Advanced mode

Maximum 4 Gbytes for program
and data areas combined

Maximum mode

Figure2.1 CPU Operating Modes

221 Normal Mode

In normal mode, the exception handling vector table and stack have the same structure as in the
H8/300 CPU.

Note:  This LSI does not support this mode.

Address Space

A maximum address space of 64 kbytes can be accessed.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When En is used as a 16-bit register it can contain any value, even
when the corresponding general register (Rn) is used as an address register. If the general
register Rn is referenced in the register indirect addressing mode with pre-/post-increment or
decrement and a carry or borrow occurs, however, the value in the corresponding extended
register will be affected.

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.
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e Exception Handling Vector Table and Memory Indirect Branch Addresses

In normal mode, the top area starting at H'0000 is allocated to the exception handling vector
table. One branch address is stored per 16 bits. The structure of the exception handling vector
table is shown in figure 2.2.

H0000 | _ Reset exception vector --

H0001 P

H'0002 ] Exception
Hooo3 [~ Reset exception vector -- vector table

~__

Figure2.2 Exception Handling Vector Table (Normal Mode)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes are
used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction code
specifies a memory location. Execution branches to the address contained in the memory location.

e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling branch are shown in figure 2.3. The PC contents are saved or restored in 16-bit units.

\/\\/\

SP—>| _ PC . SP EXR#!
(16 bits) *2 Reserved*1,#3
(SP == CCR
\/\ CCR:=3
- - PC --
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.3 Stack Structurein Normal Mode
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2.2.2 Middle Mode

The program area in middle mode is extended to 16 Mbytes as compared with that in normal
mode.

e Address Space
A maximum address space of 16 Mbytes can be accessed in a total of the program and data
areas. For individual areas, up to 16 Mbytes of the program area and up to 64 kbytes of the
data area can be allocated.

o Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When En is used as a 16-bit register (in other than the JMP and
JSR instructions), it can contain any value even when the corresponding general register (Rn)
is used as an address register. If the general register Rn is referenced in the register indirect
addressing mode with pre-/post-increment or decrement and a carry or borrow occurs,
however, the value in the corresponding extended register will be affected.

e Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid and the upper eight bits are sign-extended.

e Exception Handling Vector Table and Memory Indirect Branch Addresses
In middle mode, the top area starting at H'000000 is allocated to the exception handling vector
table in 32-bit units. In each 32 bits, the upper eight bits are ignored and one branch address is
stored in the lower 24 bits. The structure of the exception handling vector table is shown in
figure 2.4.
The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.
The upper eight bits are reserved and assumed to be H'00.

e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling branch are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.
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2.2.3 Advanced Mode

The data area in advanced mode is extended to 4 Gbytes as compared with that in middle mode.

Address Space

A maximum address space of 4 Gbytes can be linearly accessed. For individual areas, up to 16
Mbytes of the program area and up to 4 Gbytes of the data area can be allocated.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers or address registers.

Instruction Set
All instructions and addressing modes can be used.
Exception Handling Vector Table and Memory Indirect Branch Addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception handling
vector table in 32-bit units. In each 32 bits, the upper eight bits are ignored and one branch
address is stored in the lower 24 bits. The structure of the exception handling vector table is
shown in figure 2.4.

H'00000000 Reserved

HoooOOOO1 [T TTTTTTTTTTTTTITTTIImmT
H'00000002 [~" Reset exception vector
H'00000003 |
H'00000004 hmmmmmea—a—- f{_e_s_e_r\fgq ............. >~ Exception vector table
H'00000005

H00000006 |
H'00000007

Figure2.4 Exception Handling Vector Table (Middle and Advanced M odes)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes are
used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction code
specifies a memory location. Execution branches to the contents of the memory location.

In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.
The upper eight bits are reserved and assumed to be H'00.
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e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling branch are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.

\/\\/\

SP—» EXR#1
SP—>1 Reserved %2 Reserved+1,*3
(SP —+-) CCR
b - - PC -
L - - (24 bits) .- L - - PC .-
. (24 bits) R
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.5 Stack Structurein Middle and Advanced Modes

224 Maximum Mode

The program area in maximum mode is extended to 4 Gbytes as compared with that in advanced
mode.

e Address Space
A maximum address space of 4 Gbytes can be linearly accessed.
e Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers or as the upper 16-bit
segments of 32-bit registers or address registers.

e [Instruction Set
All instructions and addressing modes can be used.
e Exception Handling Vector Table and Memory Indirect Branch Addresses

In maximum mode, the top area starting at H'00000000 is allocated to the exception handling
vector table in 32-bit units. One branch address is stored in 32 bits. The structure of the
exception handling vector table is shown in figure 2.6.
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H'00000000 R
H'00000001 [
H'00000002 [
H'00000003 |
H'00000004
H'00000005
H00000006 |
H'00000007

. ---| {~ Exception vector table

Figure2.6 Exception Handling Vector Table (Maximum M odes)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes are
used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction code
specifies a memory location. Execution branches to the contents of the memory location.

In maximum mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.

e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling branch are shown in figure 2.7. The PC contents are saved or restored in 32-bit units.
The EXR contents are saved or restored regardless of whether or not EXR is in use.

J\J\

SP—»___ . SP—> EXR
PC CCR
(32 bits)
- Pc -
(32 bits)
(a) Subroutine Branch (b) Exception Handling

Figure2.7 Stack Structurein Maximum Mode
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2.3 Instruction Fetch

The H8SX CPU has two modes for instruction fetch: 16-bit and 32-bit modes. It is recommended
that the mode should be set according to the bus width of the memory in which the program is
stored.

The instruction-fetch mode setting does not affect operation other than instruction fetch such as
data accesses. The FETCHMD bit in SYSCR selects one of the two modes. For details, see section
3.2.2, System Control Register (SYSCR).

2.4 Address Space

Figure 2.8 shows a memory map of the HSSX CPU. The address space differs depending on the
operating mode.

Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
HOO7FFF | _ _ _______.
Program area
Data area
§ (64 kbytes) | Program area
HFFFF (16 Mbytes)
| Program area
| | Dataarea (16 Mbytes)
(64 kbytes)
HFF8000 Program area
Data area
HFFFFFF HOOFFFFFF| ___ ______. ] (4 Gbytes)
|__ Data area
(4 Gbytes)
H'FFFFFFFF| J H'FFFFFFFF|

Figure2.8 Memory Map
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25 Registers

The H8SX CPU has the internal registers shown in figure 2.9. There are two types of registers:
general registers and control registers. The control registers are the 32-bit program counter (PC),
8-bit extended control register (EXR), 8-bit condition-code register (CCR), 32-bit vector base
register (VBR), 32-bit short address base register (SBR), and 64-bit multiply-accumulate register
(MAC).

General Registers and Extended Registers

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers
31 0
pc | |
76543210
CCR [1]u]H]u|N]Z]V]C]
76543210
EXR | T|—|—=]—=—]=2[i1]io]
31 12 9
VBR | | (Reserved) |
31 8 0
SBR | | (Reserved) |
63 41 32
Sign extension H MACH
MAC MACL
31 0
[Legend]
SP:  Stack pointer z Zero flag
PC:  Program counter V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit EXR: Extended control register
ul: User bit or interrupt mask bit T: Trace bit
H: Half-carry flag 12 to 10: Interrupt mask bits
u: User bit VBR: Vector base register
N: Negative flag SBR:  Short address base register

MAC:  Multiply-accumulate register

Figure29 CPU Registers
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251 General Registers

The H8SX CPU has eight 32-bit general registers. These general registers are all functionally alike
and can be used as both address registers and data registers. When a general register is used as a
data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.10 illustrates the
usage of the general registers.

When the general registers are used as 32-bit registers or address registers, they are designated by
the letters ER (ERO to ER7).

The ER registers are divided into 16-bit general registers designated by the letters E (EO to E7)
and R (RO to R7). These registers are functionally equivalent, providing a maximum of sixteen 16-
bit registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers are divided into 8-bit general registers designated by the letters RH (ROH to R7H)
and RL (ROL to R7L). These registers are functionally equivalent, providing a maximum of
sixteen 8-bit registers.

The general registers ER (ERO to ER7), R (RO to R7), and RL (ROL to R7L) are also used as index
registers. The size in the operand field determines which register is selected.

The usage of each register can be selected independently.

o Address registers * 16-bit registers
o 32-bit registers General registers E
e 32-bit index registers (EO to E7)
-  8-bit registers
General registers ER -
(ERO to ER7) . ) General registers RH
o 16-bit registers (ROH to R7H)

¢ 16-bit index registers

General registers R ) .
(RO to R7) o 8-bit registers
e 8-bit index registers

General registers RL
(ROL to R7L)

Figure2.10 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.11 shows the
stack.
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/\/n

Free area

SP (ER7) —» A

Stack area

/\/

Figure2.11 Stack

252 Program Counter (PC)

PC is a 32-bit counter that indicates the address of the next instruction the CPU will execute. The
length of all CPU instructions is two bytes (one word) or a multiple of two bytes, so the least
significant PC bit is ignored. When an instruction is fetched, the least significant PC bit is
regarded as 0.

253 Condition-Code Register (CCR)

CCR is an 8-bit register that contains internal CPU status information, including an interrupt mask
(D) and user (UI, U) bits and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C)
flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

Initial
Bit Bit Name Value R/W Description
7 | 1 R/W Interrupt Mask Bit

Masks interrupts when set to 1. This bit is set to 1 at the
start of an exception-handling sequence.

Rev.2.00 Jun. 28, 2007 Page 26 of 784
REJ09B248-0200 RENESAS



Section2 CPU

Bit

Bit Name

Initial
Value

R/W

Description

6

ul

Undefined

R/W

User Bit or Interrupt Mask Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions. This bit can
also be used as an interrupt mask bit.

Undefined

R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 11, and cleared to 0
otherwise. When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, the H flag is set to 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

Undefined

R/W

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

Undefined

R/W

Negative Flag

Stores the value of the most significant bit (regarded as
sign bit) of data.

Undefined

R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.

Undefined

R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 otherwise.

Undefined

R/W

Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. A carry flag indicates the following:

e A carry by an add instruction
e A borrow by a subtract instruction
e A carry by a shift or rotate instruction

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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254 Extended Control Register (EXR)
EXR is an 8-bit register that contains the trace bit (T) and three interrupt mask bits (I2 to 10).

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions.

For details, see section 4, Exception Handling.

Initial

Bit Bit Name Value R/W Description

7 T 0 R/W Trace Bit
Selects trace mode. When this bit is cleared to 0,
instructions are executed in sequence. When this bit is
set to 1, a trace exception is generated each time an
instruction is executed.

6t03 — All 1 R/W Reserved
These bits are always read as 1. The write value should
always be 1.

2 12 1 R/W Interrupt Mask Bits

1 1 R/W These bits designate the interrupt mask level (0 to 7).
0 0] 1 R/W

255 Vector Base Register (VBR)

VBR is a 32-bit register that has the valid upper 20 bits. The lower 12 bits of this register are read
as 0s. This register value is a base address of the vector area for exception handling other than a
reset and a CPU address error (extended memory indirect is also out of the target). The initial
value is H'00000000.

256 Short Address Base Register (SBR)

SBR is a 32-bit register that has the valid upper 24 bits. The lower eight bits are read as Os. In 8-bit
absolute addressing mode (@aa:8), this register is used as the upper address. The initial value is
H'FFFFFFQ0.
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257 Multiply-Accumulate Register (MAC)

MAC is a 64-bit register that stores the results of multiply-and-accumulate operations. It consists
of two 32-bit registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the
upper bits are sign-extended.

258 Initial Register Values

Reset exception handling loads the start address from the vector table into the PC contents, clears
the trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR
bits, MAC and the general registers are not initialized. In particular, the stack pointer (ER7) is not
initialized. The stack pointer should therefore be initialized using an MOV.L instruction executed
immediately after a reset.
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2.6 Data Formats

The H8SX CPU can process 1-bit, 4-bit BCD, 8-bit (byte), 16-bit (word), and 32-bit (longword)
data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of
byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of
4-bit BCD data.

26.1 General Register Data Formats

Figure 2.12 shows the data formats in general registers.

7 0
1-bit data RnH [7T6[s]4[5[2[1]o] " Dont care
1-bit data RnL prenrease e z 0
... Donteare _ [7]6]5[4]3[2]1]o]
4-bit BCD data RnH 7 43 O .
Dori care
4-bit BCD data RnL
________________ 7 43 0
.. Don'tcare
Byte data RnH
7 O L
Byte data AL [EffPiii] Dontcare
MSB LSB
Word data Rn s 7 0
MSB LSB
Word data En
15 0
Longword data ERn M.SB. — .L.SB
15 0
MSB LSB
31 1615 0
MS! En Rn LSB
[Legend]
ERn: General register ER RnL: General register RL
En:  General register E MSB: Most significant bit
Rn:  General register R LSB: Least significant bit

RnH: General register RH

Figure2.12 General Register Data Formats
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2.6.2 Memory Data For mats
Figure 2.13 shows the data formats in memory.

The H8SX CPU can access word data and longword data which are stored at any addresses in
memory. When word data begin at an odd address or longword data begin at an address other than
a multiple of 4, a bus cycle is divided into two or more accesses. For example, when longword
data begins at an odd address, the bus cycle is divided into byte, word, and byte accesses. In this
case, these accesses are assumed to be individual bus cycles.

However, instructions to be fetched, word and longword data to be accessed during execution of
the stack manipulation, block transfer instructions, and MAC instruction should be located to even
addresses.

When the stack pointer (ER7) is used as an address register to access the stack, the operand size
should be word size or longword size.

Data Type Data Format
Address /\_/
7 0
1-bit data AddressL | 7 | 6 51 4 3 2 1 0
Byte data AddressL [MSB: : i i 1 i 1SB
Word data Address 2M MSBE E E E E E E
Address 2M + 1 E E E E E E ELSB
Longword data Address 2N MSBE E E E E E E
Address 2N + 1
Address 2N + 2 H H H H H H H
Address2N+3| + 1 1+ 1 1 igp

L T~

Figure2.13 Memory Data For mats
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27 Instruction Set

The H8SX CPU has 87 types of instructions. The instructions are classified by function as shown

in table 2.1.

Note: The arithmetic operation, logic operation, shift, and bit manipulation instructions are
called operation instruction in this manual.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/W/L 6

MOVFPE*°, MOVTPE** B

POP, PUSH*' WI/L

LDM, STM L

MOVA B/W3*
Block transfer EEPMOV B 3

MOVMD B/WI/L

MOVSD B
Arithmetic ADD, ADDX, SUB, SUBX, CMP, NEG, INC, DEC B/W/L 27
operations DAA, DAS B

ADDS, SUBS L

MULXU, DIVXU, MULXS, DIVXS B/W

MULU, DIVU, MULS, DIVS W/L

MULU/U, MULS/U L

EXTU, EXTS WI/L

TAS B

MAC —

LDMAC, STMAC —

CLRMAC —
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Function Instructions Size Types
Logic operations  AND, OR, XOR, NOT B/W/L 4
Shift SHLL, SHLR, SHAL, SHAR, ROTL, ROTR, ROTXL, ROTXR B/W/L 8
Bit manipulation =~ BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, B 20
BXOR, BIXOR, BLD, BILD, BST, BIST
BSET/EQ, BSET/NE, BCLR/EQ, BCLR/NE, BSTZ, BISTZ B
BFLD, BFST B
Branch BRA/BS, BRA/BC, BSR/BS, BSR/BC B*° 9
Bce**, JMP, BSR, JSR, RTS —
RTS/L L#®
BRA/S —
System control TRAPA, RTE, SLEEP, NOP — 10
RTE/L L#®
LDC, STC, ANDC, ORC, XORC B/W/L
Total 87
[Legend]
B: Byte size
W: Word size
L: Longword size

Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and
MOV.W Rn, @-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn
and MOV.L ERn, @-SP.

o0 s N

Size of data to be added with a displacement

Size of data to specify a branch condition

Bcc is the generic designation of a conditional branch instruction.
Size of a general register to be restored

Not supported in this LSI

Rev.2.00 Jun. 28, 2007 Page 33 of 784
RENESAS REJ09B248-0200



Section2 CPU

271 Instructions and Addressing M odes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8SX CPU can
use.

Table2.2 Combinationsof Instructionsand Addressing M odes (1)

Addressing Mode

@d, @-ERn/
RnL.B/ @ERnN+/
Classifi- Rn.W/ @ERn-/ @aa:16/
cation Instruction Size #XX Rn @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
Data MOV B/W/L S SD SD SD SD SD SD
transfer B siD s/D
MOVFPE, B S/D S/D*!
MOVTPE*"
POP, PUSH Wi/L S/D S/D*
LDM, STM L S/D S/D*
MOVA* B/W S S S S S S
Block EEPMOV B SD#®
transfer —\iovmp BIWIL sD*
MOVSD B SD*°
Arithmetic ADD, CMP B S
operations B
B
B SD SD SD SD SD
WL S SD SD SD SD SD SD
SuUB B
B
B SD SD SD SD SD
WL S SD SD SD SD SD SD
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Addressing Mode

@d, @-ERn/
RnL.B/ @ERn+/
Classifi- Rn.W/ @ERN-/ @aa:; 16/
cation Instruction Size #XX Rn  @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
Arithmetic ~ ADDX, SUBX B/W/L S SD
operations B/W/L s sD
B/W/L S SD#°
INC, DEC B/W/L D
ADDS, SUBS L D
DAA, DAS B D
MULXU, DIVXU  B/W S:4 SD
MULU, DIVU W/L S:4 SD
MULXS, DIVXS B/W S:4 SD
MULS, DIVS Wi/L S:4 SD
NEG B D D D D D D D
W/L D D D D D D
EXTU, EXTS W/L D D D D D D
TAS B D
MAC —
CLRMAC — o
LDMAC — S
STMAC — D
Logic AND, OR,XOR B S D D D D D D
operations B D s s s s s s
B SD SD SD SD SD
Wi/L S SD SD SD SD SD SD
NOT B D D D D D D D
Wi/L D D D D D D
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Addressing Mode

@(d, @-ERn/
RnL.B/ @ERn+/
Classifi- Rn.W/ @ERn-/ @aa:;16/
cation Instruction Size #XX Rn  @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
Shift SHLL, SHLR B D D D D D D D
W/L*® D D D D D D
B/W/L* D

SHAL, SHAR, B D D D D D D D

ROTL, ROTR, Wi/L D D D D D D

ROTXL, ROTXR
Bit manipu- BSET, BCLR, B D D D D
lation BNOT, BTST,

BSET/cc,

BCLR/cc

BAND, BIAND, B D D D D

BOR, BIOR,

BXOR, BIXOR,

BLD, BILD, BST,

BIST, BSTZ,

BISTZ

BFLD B

BFST B
Branch BRA/BS, B

BRA/BC*®

BSR/BS, B S S S

BSR/BC**
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Addressing Mode

@d, @-ERn/
RnL.B/ @ERn+

Classifi- Rn.W/ @ERn-/ @aa:; 16/
cation Instruction Size #XX Rn @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
System LDC B/W* 8§ S S S S#'° S
control (CCR, EXR)

LDC L S

(VBR, SBR)

STC B/W=° D D D D" D

(CCR, EXR)

STC L D

(VBR, SBR)

ANDC, ORC, B S

XORC

SLEEP — (0]

NOP — O
[Legend]
d: d:16 or d:32
S: Can be specified as a source operand.
D: Can be specified as a destination operand.
SD:  Can be specified as either source or destination operand or both.
S/D:  Can be specified as either source or destination operand.
S:4:  4-bit immediate data can be specified as a source operand.
O: Can be used.
Notes: 1. @aa:16 is only available.

@ERnN+ as a source operand and @—-ERn as a destination operand

Specified by ER5 as a source address and ERG6 as a destination address for data
transfer

Size of data to be added with a displacement
@ERnN-is only available.
When the number of bits to be shifted is 1, 2, 4, 8, or 16

When the number of bits to be shifted is specified by 5-bit immediate data or a general
register

Size of data to specify a branch condition
Byte for immediate or register direct; otherwise, word

10. @ERn+ is only available.
11. @—-ERn is only available.
12. Not supported in this LSI
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Table2.2 Combinationsof Instructionsand Addressing M odes (2)
Addressing Mode
@(RnL.B/
Rn.W/
Classifi- ERn.L,
cation Instruction Size @ERn @(d,PC) PC) @aa:24 @aa:32 @@aa:8 @@vec:7 —
Branch BRA/BS, — (0]
BRA/BC
BSR/BS, — o}
BSR/BC
Bcc —
BRA — o
BRA/S — o
JMP — (0] o O o} o
BSR — o)
JSR — o o o o] o]
RTS,RTSL —
System TRAPA —
control RTE,RTEL —
[Legend]
d: d:8 ord:16
Note: * @(d:8, PC) is only available.
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272 Table of Instructions Classified by Function

Tables 2.4 to 2.11 summarize the instructions in each functional category. The notation used in the
tables is defined in table 2.3.

Table2.3 Operation Notation

Operation Notation Description

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERn General register (32-bit register)
(EAd) Destination operand

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

VBR Vector base register

SBR Short address base register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\ V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#MM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table2.4 DataTransfer Instructions
Instruction  Size Function
MOV B/W/L  #IMM — (EAd), (EAs) — (EAd)
Transfers data between immediate data, general registers, and memory.
MOVFPE* B (EAs) »> Rd
MOVTPE* B Rs — (EAs)
POP WiL @SP+— Rn
Restores the data from the stack to a general register.
PUSH WI/L Rn —» @-SP
Saves general register contents on the stack.
LDM L @SP+ — Rn (register list)
Restores the data from the stack to general registers. Two, three, or four
general registers which have serial register numbers can be specified.
ST™M L Rn (register list) > @-SP
Saves the contents of general registers on the stack. Two, three, or four
general registers which have serial register numbers can be specified.
MOVA B/W EA - Rd

Zero-extends the contents of a specified general register or memory data
and adds them with a displacement. The result is stored in a general
register.

Note: * Not supported in this LSI
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Table2.5 Block Transfer Instructions

Instruction Size Function

EEPMOV.B B Transfers a data block.
EEPMOV.W

Transfers byte data from a memory location specified by ER5 to a
memory location specified by ER6. The number of byte data to be
transferred is specified by R4 or R4L.

MOVMD.B B Transfers a data block.

Transfers byte data from a memory location specified by ER5 to a
memory location specified by ER6. The number of byte data to be
transferred is specified by R4.

MOVMDW W Transfers a data block.

Transfers word data from a memory location specified by ER5 to a
memory location specified by ER6. The number of word data to be
transferred is specified by R4.

MOVMD.L L Transfers a data block.

Transfers longword data from a memory location specified by ER5 to a
memory location specified by ER6. The number of longword data to be
transferred is specified by R4.

MOVSD.B B Transfers a data block with zero data detection.

Transfers byte data from a memory location specified by ER5 to a
memory location specified by ER6. The number of byte data to be
transferred is specified by R4. When zero data is detected during transfer,
the transfer stops and execution branches to a specified address.
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Table2.6 Arithmetic Operation Instructions

Instruction  Size Function

ADD B/W/L (EAd) = #IMM — (EAd), (EAd)t (EAs) — (EAd)

SuB Performs addition or subtraction on data between immediate data,
general registers, and memory. Immediate byte data cannot be
subtracted from byte data in a general register.

ADDX B/W/L (EAd) =+ #IMM + C — (EAd), (EAd) * (EAs) + C — (EAd)

SUBX Performs addition or subtraction with carry on data between immediate
data, general registers, and memory. A memory location can be specified
in the register indirect addressing mode with post-decrement or the
register indirect addressing mode.

INC B/W/L Rd+1—->Rd, Rd+2—>Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1—>Rd, Rd+t2 > Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a general register.

DAA B Rd decimal adjust - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 2-digit 4-bit BCD data.

MULXU B/W Rd x Rs - Rd
Performs unsigned multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULU WI/L Rd x Rs - Rd
Performs unsigned multiplication on data in two general registers: either
16 bits x 16 bits — 16 bits or 32 bits x 32 bits — 32 bits.

MULU/U L Rd x Rs - Rd
Performs unsigned multiplication on data in two general registers (32 bits
x 32 bits — upper 32 bits).

MULXS B/W Rd x Rs - Rd

Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.
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Instruction  Size Function

MULS WI/L Rd x Rs - Rd
Performs signed multiplication on data in two general registers: either 16
bits x 16 bits — 16 bits or 32 bits x 32 bits — 32 bits.

MULS/U L Rd x Rs — Rd
Performs signed multiplication on data in two general registers (32 bits x
32 bits — upper 32 bits).

DIVXU B/W Rd + Rs — Rd
Performs unsigned division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

DIVU Wi/L Rd + Rs - Rd
Performs unsigned division on data in two general registers: either 16 bits
+ 16 bits — 16-bit quotient or 32 bits + 32 bits — 32-bit quotient.

DIVXS B/W Rd + Rs - Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

DIVS WI/L Rd + Rs — Rd
Performs signed division on data in two general registers: either 16 bits +
16 bits — 16-bit quotient or 32 bits + 32 bits — 32-bit quotient.

CMP B/W/L (EAd) - #IMM, (EAd) — (EAs)
Compares data between immediate data, general registers, and memory
and stores CCR bits according to the result.

NEG B/W/L 0 - (EAd) - (EAd)
Takes the two's complement (arithmetic complement) of the contents of a
general register or a memory location.

EXTU WI/L (EAd) (zero extension) — (EAd)

Extends the lower 8 or 16 bits of data in a general register or a memory
location to word or longword size by padding with Os.

The lower eight bits can be extended to word or longword, or lower 16 bits
to longword.
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Instruction Size

Function

EXTS Wi/L

(EAd) (sign extension) — (EAd)

Extends the lower 8 or 16 bits of data in a general register or a memory
location to word size by padding with signs.

The lower eight bits can be extended to word or longword, or lower 16 bits
to longword.

TAS B

@ERd - 0, 1 — (<bit 7> of @EAd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

MAC —

(EAd) x (EAs) + MAC — MAC

Performs signed multiplication on memory contents and adds the result to
the MAC.

CLRMAC —

0 > MAC
Clears the MAC to zero.

LDMAC —

Rs - MAC

Loads data from a general register to the MAC.

STMAC —

MAC — Rd

Stores data from the MAC to a general register.

Table2.7 Logic Operation Instructions

Instruction Size

Function

AND B/W/L

(EAd) A #IMM — (EAd), (EAd) A (EAs) — (EAd)

Performs a logical AND operation on data between immediate data,
general registers, and memory.

OR B/W/L

(EAd) v #IMM — (EAd), (EAd) v (EAs) — (EAd)

Performs a logical OR operation on data between immediate data,
general registers, and memory.

XOR B/W/L

(EAd) @ #IMM — (EAd), (EAd) @ (EAs) — (EAd)

Performs a logical exclusive OR operation on data between immediate
data, general registers, and memory.

NOT B/W/L

~ (EAd) — (EAd)

Takes the one's complement (logical complement) of the contents of a
general register or a memory location.
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Table2.8 Shift Operation Instructions

Instruction  Size Function

SHLL B/W/L  (EAd) (shift) > (EAd)

SHLR Performs a logical shift on the contents of a general register or a memory
location.
The contents of a general register or a memory location can be shifted by
1, 2, 4, 8, or 16 bits. The contents of a general register can also be shifted
by any bits. In this case, the number of bits is specified by 5-bit immediate
data or the lower 5 bits of general register contents.

SHAL B/W/L  (EAd) (shift) » (EAd)

SHAR Performs an arithmetic shift on the contents of a general register or a
memory location.
1-bit or 2-bit shift is possible.

ROTL B/W/L (EAd) (rotate) — (EAd)

ROTR Rotates the contents of a general register or a memory location.
1-bit or 2-bit rotation is possible.

ROTXL B/W/L  (EAd) (rotate) —» (EAd)

ROTXR Rotates the contents of a general register or a memory location with the
carry flag.
1-bit or 2-bit rotation is possible.

Table2.9 Bit Manipulation Instructions

Instruction  Size Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in the contents of a general register or a memory
location to 1. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BSET/cc B if cc, 1 — (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction sets a specified bit in
a memory location to 1. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

BCLR B 0 — (<bit-No.> of <EAd>)

Clears a specified bit in the contents of a general register or a memory
location to 0. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.
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Instruction  Size Function

BCLR/cc B if cc, 0 — (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction clears a specified bit
in a memory location to 0. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in the contents of a general register or a memory
location. The bit number is specified by 3-bit immediate data or the lower
three bits of a general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z
Tests a specified bit in the contents of a general register or a memory
location and sets or clears the Z flag accordingly. The bit number is
specified by 3-bit immediate data or the lower three bits of a general
register.

BAND B C A (<bit-No.> of <EAd>) —» C
Logically ANDs the carry flag with a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BIAND B C A [~ (<bit-No.> of <EAd>)] » C
Logically ANDs the carry flag with the inverse of a specified bit in the
contents of a general register or a memory location and stores the result
in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) —» C
Logically ORs the carry flag with a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BIOR B C v [~ (<bit-No.> of <EAd>)] - C
Logically ORs the carry flag with the inverse of a specified bit in the
contents of a general register or a memory location and stores the result
in the carry flag.
The bit number is specified by 3-bit immediate data.

BXOR B C @ (<bit-No.> of <EAd>) - C

Logically exclusive-ORs the carry flag with a specified bit in the contents
of a general register or a memory location and stores the result in the
carry flag.

The bit number is specified by 3-bit immediate data.
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Instruction

Size

Function

BIXOR

C @ [~ (<bit-No.> of <EAd>)] —» C

Logically exclusive-ORs the carry flag with the inverse of a specified bit in
the contents of a general register or a memory location and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.

BLD

(<bit-No.> of <EAd>) - C

Transfers a specified bit in the contents of a general register or a memory
location to the carry flag.

The bit number is specified by 3-bit immediate data.

BILD

~ (<bit-No.> of <EAd>) —» C

Transfers the inverse of a specified bit in the contents of a general
register or a memory location to the carry flag.

The bit number is specified by 3-bit immediate data.

BST

C — (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in the contents of a
general register or a memory location.

The bit number is specified by 3-bit immediate data.

BSTZ

Z — (<bit-No.> of <EAd>)

Transfers the zero flag value to a specified bit in the contents of a
memory location.

The bit number is specified by 3-bit immediate data.

BIST

~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in the
contents of a general register or a memory location.

The bit number is specified by 3-bit immediate data.

BISTZ

~Z — (<bit-No.> of <EAd>)

Transfers the inverse of the zero flag value to a specified bit in the
contents of a memory location.

The bit number is specified by 3-bit immediate data.

BFLD

(EAs) (bit field) — Rd

Transfers a specified bit field in memory location contents to the lower bits
of a specified general register.

BFST

Rd — (EAd) (bit field)

Transfers the lower bits of a specified general register to a specified bit
field in memory location contents.
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Table2.10 Branch Instructions

Instruction  Size Function

BRA/BS B Tests a specified bit in memory location contents. If the specified

BRA/BC condition is satisfied, execution branches to a specified address.

BSR/BS B Tests a specified bit in memory location contents. If the specified

BSR/BC condition is satisfied, execution branches to a subroutine at a specified
address.

Bcc — Branches to a specified address if the specified condition is satisfied.

BRA/S — Branches unconditionally to a specified address after executing the next
instruction. The next instruction should be a 1-word instruction except for
the block transfer and branch instructions.

JMP — Branches unconditionally to a specified address.

BSR — Branches to a subroutine at a specified address.

JSR — Branches to a subroutine at a specified address.

RTS — Returns from a subroutine

RTS/L — Returns from a subroutine, restoring data from the stack to general

registers.
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Table2.11 System Control Instructions

Instruction  Size Function
TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
RTE/L — Returns from an exception-handling routine, restoring data from the stack
to general registers.
SLEEP — Causes a transition to a power-down state.
LDC B/W #IMM — CCR, (EAs) —» CCR, #IMM — EXR, (EAs) —» EXR
Loads immediate data or the contents of a general register or a memory
location to CCR or EXR. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and memory. The upper
eight bits are valid.
L Rs — VBR, Rs —» SBR
Transfers the general register contents to VBR or SBR.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers CCR or EXR contents to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper eight bits are valid.
L VBR — Rd, SBR —» Rd
Transfers the contents of VBR or SBR to a general register.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR ® #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2—- PC

Only increments the program counter.
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2.7.3 Basic I nstruction Formats

The H8SX CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), a register field (r field), an effective address extension (EA field), and a
condition field (cc).

Figure 2.14 shows examples of instruction formats.

(1) Operation field only

| op | NOP, RTS, etc.

(2) Operation field and register fields

| op | mn | rm | ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op | m | m

MOV.B @(d:16, Rn), Rm, etc.

EA (disp)

(4) Operation field, effective address extension, and condition field

op | cc | EA (disp) BRA d:16, etc

Figure2.14 Instruction Formats

e Operation Field
Indicates the function of the instruction, the addressing mode, and the operation to be carried
out on the operand. The operation field always includes the first four bits of the instruction.
Some instructions have two operation fields.

e Register Field

Specifies a general register. Address registers are specified by 3 bits, data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.

e Effective Address Extension

Eight, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
e Condition Field

Specifies the branching condition of Bcc instructions.
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2.8

Addressing M odes and Effective Address Calculation

The H8SX CPU supports the 11 addressing modes listed in table 2.12. Each instruction uses a

subset of these addressing modes.

Bit manipulation instructions use register direct, register indirect, or absolute addressing mode to
specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions) or
immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.12 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
Register indirect @ERN

@(d:2,ERn)/@(d:16,ERn)/@(d:32,ERn)

2
3 Register indirect with displacement
4

Index register indirect with displacement

@(d:16, RnL.B)/@(d:16,Rn.W)/@(d:16,ERn.L)
@(d:32, RnL.B)/@(d:32,Rn.W)/@(d:32,ERn.L)

5 Register indirect with post-increment

@ERN+

Register indirect with pre-decrement @-ERn
Register indirect with pre-increment @+ERnN
Register indirect with post-decrement @ERN-

6  Absolute address @aa:8/@aa:16/@aa:24/@aa:32

7 Immediate #XX:3/HXX:4/#xX:8/#xX:16/#xx:32

8  Program-counter relative @(d:8,PC)/@(d:16,PC)

9 Program-counter relative with index register @ (RnL.B,PC)/@(Rn.W,PC)/@ (ERn.L,PC)
10 Memory indirect @ @aa:8

11 Extended memory indirect @ @vec:7

RENESAS
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281 Register Direct—Rn

The operand value is the contents of an 8-, 16-, or 32-bit general register which is specified by the
register field in the instruction code. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified
as 32-bit registers.

282 Register Indirect—@ERnN

The operand value is the contents of a memory location which is pointed to by the contents of an
address register (ERn). ERn is specified by the register field in the instruction code.

In advanced mode, if this addressing mode is used in a branch instruction, the lower 24 bits are
valid and the upper eight bits are all assumed to be 0 (H'00).

283 Register Indirect with Displacement—@(d:2, ERn), @(d:16, ERn), or
@(d:32, ERn)

The operand value is the contents of a memory location which is pointed to by the sum of the
contents of an address register (ERn) and a 16- or 32-bit displacement. ERn is specified by the
register field of the instruction code. The displacement is included in the instruction code and the
16-bit displacement is sign-extended when added to ERn.

This addressing mode has a short format (@(d:2, ERn)). The short format can be used: when a
displacement is 1, 2, or 3 and the operand is byte data, when a displacement is 2, 4, or 6 and the
operand is word data, or when a displacement is 4, 8, or 12 and the operand is longword data.

284 Index Register Indirect with Displacement—@(d:16,RnL .B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERNn.L), or @(d:32,ERN.L)

The operand value is the contents of a memory location which is pointed to by the sum of the
following operation result and a 16- or 32-bit displacement: specified bits of the contents of an
address register (RnL, Rn, ERn) specified by the register field in the instruction code are zero-
extended to 32-bit data and multiplied by 1, 2, or 4.

The displacement is included in the instruction code and the 16-bit displacement is sign-extended
when added to ERn. If the operand is byte data, ERn is multiplied by 1. If the operand is word or
longword data, ERn is multiplied by 2 or 4, respectively.
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285 Register Indirect with Post-I ncrement, Pre-Decrement, Pre-lIncrement,
or Post-Decrement—@ERN+, @-ERN, @+ERN, or @ERN-

e Register indirect with post-increment—@ERn+

The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field in the instruction code. After
the memory location is accessed, 1, 2, or 4 is added to the address register contents and the
sum is stored in the address register. The value added is 1 for byte access, 2 for word access, or
4 for longword access.

e Register indirect with pre-decrement—@—ERn

The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is subtracted from the contents of an address register
(ERn) which is specified by the register field in the instruction code. After that, the subtraction
result is stored in the address register. The value subtracted is 1 for byte access, 2 for word
access, or 4 for longword access.

e Register indirect with pre-increment—@+ERn

The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is added to the contents of an address register (ERn) which
is specified by the register field in the instruction code. After that, the sum is stored in the
address register. The value added is 1 for byte access, 2 for word access, or 4 for longword
access.

e Register indirect with post-decrement—@ERn—

The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field in the instruction code. After
the memory location is accessed, 1, 2, or 4 is subtracted from the address register contents and
the subtraction result is stored in the address register. The value subtracted is 1 for byte access,
2 for word access, or 4 for longword access.

If the contents of a general register which is also used as an address register is written to memory
using this addressing mode, data to be written is the contents of the general register after
calculating an effective address. If the same general register is specified in an instruction and two
effective addresses are calculated, the contents of the general register after the first calculation of
an effective address is used in the second calculation of an effective address.
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Example 1

MOV.W RO, @ERO+
When ERO before execution is H'12345678, H'S67A is written at H'12345678.

Example 2:

MOV.B @ERO0O+, @ERO+

When ERO before execution is H'00001000, H'00001000 is read and the contents is written at
H'00001001.

After execution, ERO is H'00001002.

2.8.6 Absolute Addr ess—@aa: 8, @aa: 16, @aa: 24, or @aa: 32

The operand value is the contents of a memory location which is pointed to by an absolute address
included in the instruction code. There are 8-bit (@aa:8), 16-bit (@aa:16), 24-bit (@aa:24), and
32-bit (@aa:32) absolute addresses.

To access the data area, the absolute address of eight bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) is used. For an 8-bit absolute address, the upper 24 bits are specified by SBR. For a 16-
bit absolute address, the upper 16 bits are sign-extended. A 32-bit absolute address can access the
entire address space.

To access the program area, the absolute address of 24 bits (@aa:24) or 32 bits (@aa:32) is used.
For a 24-bit absolute address, the upper eight bits are all assumed to be 0 (H'00).
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Table 2.13 shows the accessible absolute address ranges.

Table2.13 Absolute Address Access Ranges

Normal Middle Advanced Maximum
Absolute Address Mode Mode Mode Mode
Data area 8 bits A consecutive 256-byte area (the upper address bits are set in SBR)
(@aa:8)
16 bits H'0000 to H'000000 to H'00000000 to H'00007FFF,
(@aa:16) H'FFFF H'007FFF, H'FFFF8000 to H'FFFFFFFF
32 bits H'FF8000 to H'00000000 to H'FFFFFFFF
(@aa:32) H'FFFFFF
Program area 24 bits H'000000 to H'00000000 to H'00FFFFFF
(@aa:24) H'FFFFFF
32 bits H'00000000 to  H'00000000 to
(@aa:32) H'0O0FFFFFF H'FFFFFFFF

2.8.7 I mmediate—#xx

The operand value is 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) data included in the
instruction code. This addressing mode has short formats in which 3- or 4-bit immediate data can
be used.

When the size of immediate data is less than that of the operand size (byte, word, or longword),
the immediate data is zero-extended.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The BFLD and BFST instructions contain 8-bit immediate data in its instruction code,
specifying bit numbers. The TRAPA instruction contains 2-bit immediate data in its instruction
code, specifying a vector address.
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2.8.8 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of an 8- or 16-bit displacement in the instruction code and the 32-bit address of
the PC contents. The 8-bit or 16-bit displacement is sign-extended when added to the PC contents.

The PC contents to which the displacement is added is the address of the first byte of the next
instruction, so the possible branching range is —126 to +128 bytes (=63 to +64 words) or —32766
to +32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value
should be an even number. In advanced mode, only the lower 24 bits of this branch address are
valid; the upper eight bits are all assumed to be 0 (H'00).

289 Program-Counter Relative with Index Register—@(RnL .B, PC), @(Rn.W, PC), or
@(ERN.L, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of the following operation result and the 32-bit address of the PC contents:
specified bits of the contents of an address register (RnL, Rn, or ERn) specified by the register
field in the instruction code is zero-extended to 32-bit data and multiplied by 2.

The PC content to which the displacement is added is the address of the first byte of the next
instruction. In advanced mode, only the lower 24 bits of this branch address are valid; the upper
eight bits are all assumed to be 0 (H'00).

2810 Memory Indirect—@@aa: 8

This mode is used in the JMP and JSR instructions. The operand value is a branch address, which
is the content of a memory location pointed to by an 8-bit absolute address in the instruction code.

The upper bits of an 8-bit absolute address are all assumed to be 0, so the address range to store a
branch address is 0 to 255 (H'0000 to H'OOFF in normal mode, H'000000 to H'O00OFF in other
modes). In normal mode, the memory location is pointed to by word-size data and the branch
address is 16 bits long. In other modes, the memory location is pointed to by longword-size data.
In middle or advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

Note that the top part of the address range is also used as the exception handling vector area. A
vector address of an exception handling other than a reset or a CPU address error can be changed
by VBR.
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Figure 2.15 shows an example of specification of a branch address using this addressing mode.

\/\\/\

Specified — Specified —» Reserved
by @aa:8 [ Branch address = - by @aa:8

\/\

Branch address

\/\

(a) Normal Mode (b) Advanced Mode

Figure2.15 Branch Address Specification in Memory Indirect Mode

2811 Extended Memory Indirect—@@vec:7

This mode is used in the JMP and JSR instructions. The operand value is a branch address, which
is the contents of a memory location pointed to by the following operation result: the sum of 7-bit
data in the instruction code and the value of H'80 is multiplied by 2 or 4.

The address range to store a branch address is H'0100 to H'O1FF in normal mode and H'000200 to
H'0003FF in other modes. In assembler notation, an address to store a branch address is specified.

In normal mode, the memory location is pointed to by word-size data and the branch address is 16
bits long. In other modes, the memory location is pointed to by longword-size data. In middle or
advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

2.8.12 Effective Address Calculation

Tables 2.14 and 2.15 show how effective addresses are calculated in each addressing mode. The
lower bits of the effective address are valid and the upper bits are ignored (zero extended or sign
extended) according to the CPU operating mode.

The valid bits in middle mode are as follows:

o The lower 16 bits of the effective address are valid and the upper 16 bits are sign-extended for
the transfer and operation instructions.

o The lower 24 bits of the effective address are valid and the upper eight bits are zero-extended
for the branch instructions.
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Table2.14 Effective Address Calculation for Transfer and Operation Instructions

No.| Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 | Immediate

2 | Register direct

| __op |
3 | Register indirect 31 0 31
'| General register contents —-=
| _op 1 r] |
4 | Register indirect with 16-bit displacement 31 0
| General register contents 31
| op [ r ] | 31 15 0 1
[ disp | [Signextension | isp
L}
Register indirect with 32-bit displacement 31 0
| General register contents 31
op T T
| d_'i§P | | diﬁp
5 | Index register indirect with 16-bit displacement 31 I 0
[ 'ero extension |
Contents of general register 1,2 orx
(RL, R, or ER) O 31
| _op | r 1 | 31 15 9 O
| disp | Sign extension dis|
Index register indirect with 32-bit displacement 31 0
1 Zero extension
Contents of general register 1,2, or
(RL, R, or ER) 31
op T 31 0 LT
| d_i'§p | | d‘igp
6 | Register indirect with post-increment or post-decrement 31 0

L General re?ister contents 31
[ " ] - 1

[ __op | |
Register indirect with pre-increment or pre-decrement 31 0
31
| o0 [ r ] | e Lo
1,2,0r4
7 | 8-bit absolute address
31 7 0 31

E
%

16-bit absolute address

o> | | 31 15 0 31

| aa | [_Sign extension | 9‘5 1
32-bit absolute address

[ op T ] 31 0 31

| aa | L aa —
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Table2.15 Effective Address Calculation for Branch Instructions
No.| Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
4 |Register indirect 31 0 31 0
| General register contents —l |
[__op | |
2 | Program-counter relative with 8-bit displacement 39 0
1 PC contents 31 0
31 7 0 — ]
I op | disp | Sign extension dis]
4
Program-counter relative with 16-bit displacement
31 0
[ PC contents 31 0
| op | 31 15 0 1 |
[Sigr exension T disp
4
3 | Program-counter relative with index register 31 0
1 ero extension |
Contents of general register (RL, R, or ER)_ (%)
| op [ "] | 31 0
31 0 O+ |
| PC contents
4 | 24-bit absolute address Zero
3lextension23 0 31 0
| I | aa | | aa — |
T I}
32-bit absolute address
[ op ] 31 0 31 0
| aa | aa —1 |
[ T
5 | Memory indirect
31 7 1 o0
| op | aa | Zero extension | aa |
31 0 31 0
[ Memory contents F—— |
6 | Extended memory indirect
31 7 ¥ o
| oo | vec I Zero extension T vec
2or
31 0
31 0 31 0
| Memory contents ] |

2.8.13 MOVA Instruction

The MOV A Instruction stores the effective address into the general register.

1. Obtains data in the addressing mode of No.2 in table 2.14.

2. By using this data as the index instead of the general register in row No.5 in table 14.2, the
effective address calculation is executed, and the outcome is stored in the general register.

For details, see the H8SX Family Software Manual.
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2.9 Processing States

The H8SX CPU has five main processing states: the reset state, exception-handling state, program
execution state, bus-released state, and program stop state. Figure 2.16 indicates the state
transitions.

e Reset state

In this state the CPU and internal peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, see section 4, Exception Handling.

The reset state can also be entered by a watchdog timer overflow when available.
e Exception-handling state

The exception-handling state is a transient state that occurs when the CPU alters the normal

processing flow due to activation of an exception source, such as, a reset, trace, interrupt, or

trap instruction. The CPU fetches a start address (vector) from the exception handling vector
table and branches to that address. For further details, see section 4, Exception Handling.

e Program execution state
In this state the CPU executes program instructions in sequence.

e Bus-released state
The bus-released state occurs when the bus has been released in response to a bus request from
a bus master other than the CPU. While the bus is released, the CPU halts operations.

e Program stop state
This is a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
see section 19, Power-Down Modes.
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Reset state*

Exception-handling
state
A

Request for exception| |End of exception
handling handling

Interrupt

Program execution DU request
state SLEEP instruction
Notes: In any state, when the STBY signal goes low, the hardware standby

mode is entered.
*  From any state except hardware standby mode, a transition to the
reset state occurs whenever the RES signal goes low. A transition
can also be made to the reset state when the watchdog timer overflows.

Figure2.16 State Transitions
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LSI has two operating modes (modes 4 and 5). The operating mode is selected by the setting
of mode pins (MD2 to MDO). Table 3.1 lists MCU operating mode settings.

Table3.1 MCU Operating Mode Settings

External Data

MCU Mode Pi cPU Bus Width
Operating odemins Operating Address On-Chip us Wi
Mode MD2 MD1 MDO Mode Space Description ROM Default Max.
4 1 0 0 Advanced 16 Mbytes On-chip ROM Disabled 16 bits 16 bits
5 1 ' disabled extended nycapieq 8 bits 16 bits

mode

In this LSI, advanced mode for the CPU operating mode, 16 Mbytes for the address space, and
eight or 16 bits for the default external bus width are available.

In modes 4 and 5, which are external extended modes, it is possible to access the external memory
and devices. In external extended mode, the external address space can be designated as 8-bit or
16-bit address space for each area by the bus controller after starting program execution. If 16-bit
address space is designated for any one area, the bus mode switches to 16 bits. If 8-bit address
space is designated for all areas, the bus mode switches to 8 bits.
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3.2 Register Descriptions

The following registers are related to the operating mode setting.
e Mode control register (MDCR)

e System control register (SYSCR)

321 Mode Control Register (MDCR)

MDCR indicates the current operating mode.

When MCDR is read, the input levels in pins MD2 to MD 0 are latched. These latches are released
by areset.

Bit 15 14 13 12 11 10 9 8

Bit Name — — — — — MDS2 MDS1 MDSO0
Initial Value 0 1 0 1 0 Undefined* Undefined* Undefined*
R/W R R R R R R R R

Bit 7 6 5 4 3 2 1 0

Bit Name — — — — — — — —
Initial Value 0 1 0 1 0 Undefined* Undefined* Undefined*
R/W R R R R R R R R

Note: * Determined by pins MD2 to MDO.

Bit Bit Name Initial Value R/W  Descriptions

15 — 0 R Reserved

14 — 1 R These are read-only bits and cannot be modified.

13 — 0 R

12 — 1 R

11 — 0 R

10 MDS2 Undefined* R Mode Select2to 0

9 MDSH1 Undefined* R These bits indicate the operating mode selected by the
8 MDSO Undefined* R mode pins (MD2 to MDO) (see table 3.2).

When MDCR is read, the signal levels input on pins
MD2 to MDO are latched into these bits. These latches
are released by a reset.
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Bit Bit Name Initial Value R/W  Descriptions

7 — 0 R Reserved

6 — 1 R These are read-only bits and cannot be modified.
5 — 0 R

4 — 1 R

3 — 0 R

2 — Undefined* R

1 — Undefined* R

0 — Undefined* R

Note: * Determined by pins MD2 to MDO.

Table3.2  Settingsof BitsM SD2 to MSDO

MCU Operating MDCR

Mode MD2 MD1 MDO MDS2 MDS1 MDSO0
4 0 0 1 0

5 1 0 0 1
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322 System Control Register (SYSCR)

SYSCR controls MAC saturation operation, selects bus width mode for instruction fetch, sets
external bus mode, enables/disables the on-chip RAM, and selects the DTC address mode.

Bit 15 14 13 12 11 10 9 8
Bit Name — — MACS — FETCHMD — EXPE RAME
Initial Value 1 1 0 1 0 0 Undefined* 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — DTCMD —
Initial Value 0 0 0 0 0 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * The initial value depends on the startup mode.

Initial
Bit Bit Name Value R/W Descriptions
15,14 — All 1 R/W Reserved
These bits are always read as 1. The write value should
always be 1.
13 MACS 0 R/W MAC Saturation Operation Control
Selects either saturation operation or non-saturation
operation for the MAC instruction.
0: MAC instruction is non-saturation operation
1: MAC instruction is saturation operation
12 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
11 FETCHMD 0 R/W Instruction Fetch Mode Select

The H8SX CPU has two modes for instruction fetch: 16-
bit and 32-bit modes. It is recommended that the mode
should be set according to the bus width of the memory in
which the program is stored*'.

0: 32-bit width

1: 16-bit width
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Initial
Bit Bit Name Value R/W

Descriptions

10 — 0 R/W

Reserved

This bit is always read as 0. The write value should
always be 0.

9 EXPE Undefined R/W

%2

External Bus Mode Enable

Selects external bus mode. In external extended mode,
this bit is fixed at 1 and cannot be changed. In single-
chip mode, the initial value of this bit is 0, and can be
read from or written to.

When writing 0 to this bit after reading EXPE =1, an
external bus cycle should not be executed.

The external bus cycle may be carried out in parallel
with the internal bus cycle depending on the setting of
the write data buffer function.

0: External bus disabled
1: External bus enabled

8 RAME 1 R/W

RAM Enable

Enables or disables the on-chip RAM. This bit is
initialized when the reset state is released. Do not write
0 during access to the on-chip RAM.

0: On-chip RAM disabled
1: On-chip RAM enabled

7t02 — AllO R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

1 DTCMD 1 R/W

DTC Mode Select

Selects DTC operation mode.

0: DTC is in full-address mode
1: DTC is in short address mode

0 — 1 R/W

Reserved

This bit is always read as 1. The write value should
always be 1.

Notes: 1. For details, see section 2.3, Instruction Fetch.
2. The initial value depends on the startup mode.
In operating modes 4 and 5, which are external extended modes, EXPE = 1.
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3.3 Operating Mode Descriptions

331 Mode 4

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

The initial bus mode immediately after a reset is 16 bits, with 16-bit access to all areas. Ports D, E,
and F function as an address bus, ports H and I function as a data bus, and parts of ports A and B
function as bus control signals. However, if all areas are designated as an 8-bit access space by the
bus controller, the bus mode switches to 8 bits, and only port H functions as a data bus.

3.3.2 Mode5

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

The initial bus mode immediately after a reset is 8 bits, with 8-bit access to all areas. Ports D, E,
and F function as an address bus, port H functions as a data bus, and parts of ports A and B
function as bus control signals. However, if all areas are designated as a 16-bit access space by the
bus controller, the bus mode switches to 16 bits, and ports H and I function as a data bus.
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3.33 Pin Functions
Table 3.3 lists the pin functions in each operating mode.

Table3.3 Pin Functionsin Each Operating Mode (Advanced M ode)

Port Mode 4 Mode 5
Port A PA7 P/C* P/C*
PA6, PA4 P/C* P/C*
PA2 to PAO P*/C P*/C
Port B PB3to 1 P*/C P*/C
PBO P/C* P/C*
Port D A A
Port E A A
Port F PF7 to PF5 P*/A P*/A
PF4 to PFO A A
Port H D D
Port | P/D* P*/D
[Legend]
P: I/O port
A: Address bus output
D: Data bus input/output
C: Control signals, clock input/output
e

Immediately after a reset
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34 AddressMap

34.1 AddressMap (Advanced M ode)

Figure 3.1 shows the address map.

Modes 4, 5
On-chip ROM disabled
extended mode
(Advanced mode)

H'000000
External address
space
H'FD9000
(Access prohibited space)
H'FDCO000
External address space
H'FF0000 —
(Access prohibited space)
H'FF2000
On-chip RAM/
external address space*
H'FFC000
External address space
H'FFEA00
On-chip I/O registers
H'FFFFO0 External address space
:.EEEE?:?: On-chip I/O registers

Note: * This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure3.1 AddressMap (Advanced Mode)
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

As table 4.1 indicates, exception handling is caused by a reset, a trace, an address error, an
interrupt, a trap instruction, and an illegal instruction (general illegal instruction or slot illegal
instruction). Exception handling is prioritized as shown in table 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority. Exception sources, the
stack structure, and operation of the CPU vary depending on the interrupt control mode. For
details on the interrupt control mode, see section 5, Interrupt Controller.

Table4.1 Exception Typesand Priority

Priority Exception Type Exception Handling Start Timing

High Reset Exception handling starts at the timing of level change from
A low to high on the RES pin, or when the watchdog timer

overflows. The CPU enters the reset state when the RE
pin is low.

lllegal instruction Exception handling starts when an undefined code is
executed.

Trace*' Exception handling starts after execution of the current
instruction or exception handling, if the trace (T) bit in EXR
issetto 1.

Address error After an address error has occurred, exception handling
starts on completion of instruction execution.

Interrupt Exception handling starts after execution of the current
instruction or exception handling, if an interrupt request has
occurred.*’

Trap instruction*° Exception handling starts by execution of a trap instruction

Low (TRAPA).

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

3. Trap instruction exception handling requests are accepted at all times in program
execution state.
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4.2 Exception Sour ces and Exception Handling Vector Table

Different vector table address offsets are assigned to different exception sources. The vector table

addresses are calculated from the contents of the vector base register (VBR) and vector table
address offset of the vector number. The start address of the exception service routine is fetched
from the exception handling vector table indicated by this vector table address.

Table 4.2 shows the correspondence between the exception sources and vector table address
offsets. Table 4.3 shows the calculation method of exception handling vector table addresses.

Since the usable modes differ depending on the product, for details on the available modes, see
section 3, MCU Operating Modes.

Table4.2

Exception Source

Exception Handling Vector Table

Vector Number

Vector Table Address Offset*'

Normal Mode*?

Advanced, Middle*?,

Maximum** Modes

Reset

H'0000 to H'0001

H'0000 to H'0003

Reserved for system use

H'0002 to H'0003

H'0004 to H'0007

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

lllegal instruction

H'0008 to H'0009

H'0010 to H'0013

Trace

H'000A to H'000B

H'0014 to H'0017

Reserved for system use

H'000C to H'000D

H'0018 to H'001B

Interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction (#0)

O|IN|O|O|AA|WO|N|=|O

H'0010 to H'0011

H'0020 to H'0023

(#1)

©

H'0012 to H'0013

H'0024 to H'0027

(#2)

-
o

H'0014 to H'0015

H'0028 to H'002B

(#3)

—_
—_

H'0016 to H'0017

H'002C to H'002F

CPU address error

—_
N

H'0018 to H'0019

H'0030 to H'0033

DMA address error*®

-
w

H'001A to H'001B

H'0034 to H'0037

Reserved for system use

—_
N

—_
~

H'001C to H'001D

H'0022 to H'0023

H'0038 to H'003B

H'0044 to H'0047

Sleep interrupt

—
o

H'0024 to H'0025

H'0048 to H'004B
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Exception Source

Vector Number

Vector Table Address Offset**

Normal Mode*?

Advanced, Middle*?,

Maximum*? Modes

Reserved for system use

19

H'0026 to H'0027

H'004C to H'004F

23 H'002E to H'002F H'005C to H'005F

User area (open space) 2|4 H'0030 to| H'0031 H'0060 to H'0063
63 H'007E to H'007F H'00FC to H'0OFF

External interrupt  IRQO 64 H'0080 to H'0081 H'0100 to H'0103
IRQ1 65 H'0082 to H'0083 H'0104 to H'0107

IRQ2 66 H'0084 to H'0085 H'0108 to H'010B

IRQ3 67 H'0086 to H'0087 H'010C to H'010F

IRQ4 68 H'0088 to H'0089 H'0110 to H'0113

IRQ5 69 H'008A to H'008B H'0114 to H'0117

IRQ6 70 H'008C to H'008D H'0118 to H'011B

IRQ7 71 H'008E to H'008F H'011C to H'O11F

IRQ8 72 H'0090 to H'0091 H'0120 to H'0123

IRQ9 73 H'0092 to H'0093 H'0124 to H'0127

IRQ10 74 H'0094 to H'0095 H'0128 to H'012B

IRQ11 75 H'0096 to H'0097 H'012C to H'012F

Reserved for system use 7|6 H'0098 to| H'0099 H'0130 to H'0133
79 H'009E to H'009F H'013C to H'013F

Internal interrupt** 80 H'00AO0 to H'00A1 H'0140 to H'0143
2|55 H'01FE t<|) H'01FF H'03FC tl) H'03FF

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.
3. A DMA address error is generated by the DTC and DMAC.

4. For details of internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.
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Table4.3 Calculation Method of Exception Handling Vector Table Address

Exception Source Calculation Method of Vector Table Address

Reset, CPU address error Vector table address = (vector table address offset)

Other than above Vector table address = VBR + (vector table address offset)
[Legend]
VBR: Vector base register

Vector table address offset:  See table 4.2.

4.3 Reset

A reset has priority over any other exception. When the RES pin goes low, all processing halts and
this LSI enters the reset state. To ensure that this LSI is reset, hold the RES pin low for at least 20
ms with the STBY pin driven high when the power is turned on. When operation is in progress,
hold the RES pin low for at least 20 cycles.

The chip can also be reset by overflow of the watchdog timer. For details, see section 13,
Watchdog Timer (WDT).

A reset initializes the internal state of the CPU and the registers of the on-chip peripheral modules.
The interrupt control mode is 0 immediately after a reset.

431 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, this LSI starts reset
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are
initialized, VBR is cleared to H'00000000, the T bit is cleared to 0 in EXR, and the I bits are
setto 1 in EXR and CCR.

2. The reset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.1 and 4.2 show examples of the reset sequence.
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432 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes

the stack pointer (example: MOV.L #xx: 32, SP).

433 On-Chip Peripheral Functions after Reset Release

After the reset state is released, MSTPCRA and MSTPCRB are initialized to H'OFFF and H'FFFF,
respectively, and all modules except the DTC and DMAC enter module stop mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading

and writing is enabled when module stop mode is canceled.

Vector
fetch

First

Internal  instruction

operation  pri

efetch

' ' '
>,

o o L

RES /

address bus

(©)

Internal D( )

Y

Internal read
signal

Internal write
signal

Internal data

High

bus

o
\ @ /

(1): Reset exception handling vector address (when reset, (

1) = H'000000)

(2): Start address (contents of reset exception handling vector address)

(3) Start address ((3) = (2))
(4) First instruction in the exception handling routine

Figure4.1 Reset Sequence (On-chip ROM Enabled Advanced M ode)
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Internal First instruction
Vector fetch operation prefetch

< > ' >
-t -t >

} .
_/

|
I *

uy)
m
(0]

.X ®)

Address bus (1)

™ 1

HWR, LWR i High , ,
D15 to DO I 2)! { 4)) I
: \ 1) { )I, :
(3) Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)
(

tart address ((5) = (2)(4))

3)
4) Start address (contents of reset exception handling vector address)
S
First instruction in the exception handling routine

Note: * Seven program wait cycles are inserted.

Figure4.2 Reset Sequence
(16-Bit External Accessin On-chip ROM Disabled Advanced Mode)
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44 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. Before changing interrupt control modes, the T bit
must be cleared. For details on interrupt control modes, see section 5, Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt masking by CCR. Table
4.4 shows the state of CCR and EXR after execution of trace exception handling. Trace mode is
canceled by clearing the T bit in EXR to O during the trace exception handling. However, the T bit
saved on the stack retains its value of 1, and when control is returned from the trace exception
handling routine by the RTE instruction, trace mode resumes. Trace exception handling is not
carried out after execution of the RTE instruction.

Interrupts are accepted even within the trace exception handling routine.

Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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45 AddressError

451 AddressError Source

Instruction fetch, stack operation, or data read/write shown in table 4.5 may cause an address

€rror.
Table45 BusCycleand AddressError
Bus Cycle Address
Type Bus Master Description Error
Instruction  CPU Fetches instructions from even addresses No (normal)
fetch Fetches instructions from odd addresses Occurs
Fetches instructions from areas other than on-chip No (normal)
peripheral module space*'
Fetches instructions from on-chip peripheral module Occurs
space*'
Fetches instructions from external memory space in Occurs
single-chip mode
Fetches instructions from access prohibited area.* Occurs
Stack CPU Accesses stack when the stack pointer value is even No (normal)
operation address
Accesses stack when the stack pointer value is odd Occurs
Data CPU Accesses word data from even addresses No (normal)
read/write Accesses word data from odd addresses No (normal)
Accesses external memory space in single-chip mode  Occurs
Accesses to access prohibited area*” Occurs
Data DTC or Accesses word data from even addresses No (normal)
read/write DMAC Accesses word data from odd addresses No (normal)
Accesses external memory space in single-chip mode  Occurs
Accesses to access prohibited area* Occurs
Single DMAC Address access space is the external memory space for No (normal)
address single address transfer
transfer

Address access space is not the external memory space Occurs

for single address transfer

Notes: 1. For on-chip peripheral module space, see section 6, Bus Controller (BSC).
2. For the access-prohibited area, see figure 3.1, Address Map (Advanced Mode) in

section 3.4, Address Map.
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452 Address Error Exception Handling

When an address error occurs, address error exception handling starts after the bus cycle causing
the address error ends and current instruction execution completes. The address error exception
handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the address error is generated, the
start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.

Even though an address error occurs during a transition to an address error exception handling, the
address error is not accepted. This prevents an address error from occurring due to stacking for
exception handling, thereby preventing infinitive stacking.

If the SP contents are not a multiple of 2 when an address error exception handling occurs, the
stacked values (PC, CCR, and EXR) are undefined.

When an address error occurs, the following is performed to halt the DTC and DMAC.

e The ERR bit of DTCCR in the DTC is set to 1.
e The ERRF bit of DMDR_0 in the DMAC is set to 1.

e The DTE bits of DMDRs for all channels in the DMAC are cleared to O to forcibly terminate
transfer.

Table 4.6 shows the state of CCR and EXR after execution of the address error exception
handling.

Table4.6 Statusof CCR and EXR after Address Error Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12to 10
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.
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4.6 Interrupts

46.1 Interrupt Sources

Interrupt sources are NMI, sleep interrupt, IRQO to IRQ11, and on-chip peripheral modules, as
shown in table 4.7.

Table4.7 Interrupt Sources

Number of

Type Source Sources
NMI NMI pin (external input) 1
Sleep interrupt  SLEEP instruction 1
IRQO to IRQ11 Pins IRQO to IRQ11 (external input) 12
On-chip DMA controller (DMAC) 8
peripheral Watchdog timer (WDT) 1
module

A/D converter 1

16-bit timer pulse unit (TPU) 26

8-bit timer (TMR) 12

Serial communications interface (SCI) 20

Different vector numbers and vector table offsets are assigned to different interrupt sources. For
vector number and vector table offset, see table 5.2, Interrupt Sources, Vector Address Offsets,
and Interrupt Priority in section 5, Interrupt Controller.

46.2 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI or sleep interrupt to eight priority/mask
levels to enable multiple-interrupt control. The source to start interrupt exception handling and the
vector address differ depending on the product. For details, see section 5, Interrupt Controller.
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The interrupt exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the interrupt source is generated,
the start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.

4.7 Instruction Exception Handling

There are two instructions that cause exception handling: trap instruction and illegal instruction.

471 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state. The trap
instruction exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the vector number specified in
the TRAPA instruction is generated, the start address of the exception service routine is loaded
from the vector table to PC, and program execution starts from that address.

A start address is read from the vector table corresponding to a vector number from 0 to 3, as
specified in the instruction code.

Table 4.8 shows the state of CCR and EXR after execution of trap instruction exception handling.

Table4.8 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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4.7.2 Exception Handling by Illegal I nstruction

The illegal instructions are general illegal instructions and slot illegal instructions. The exception
handling by the general illegal instruction starts when an undefined code is executed. The
exception handling by the slot illegal instruction starts when a particular instruction (e.g. its code
length is two words or more, or it changes the PC contents) at a delay slot (immediately after a
delayed branch instruction) is executed. The exception handling by the general illegal instruction
and slot illegal instruction is always executable in the program execution state.

The exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the occurred exception is
generated, the start address of the exception service routine is loaded from the vector table to
PC, and program execution starts from that address.

Table 4.9 shows the state of CCR and EXR after execution of illegal instruction exception
handling.

Table4.9 Statusof CCR and EXR after Illegal Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12to 10
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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4.8 Stack Status after Exception Handling

Figure 4.3 shows the stack after completion of exception handling.

Advanced mode

SP—»

CCR

PC (24 bits)

Interrupt control mode 0

Note: * Ignored on return.

SP—»

EXR

Reserved*

CCR

PC (24 bits)

Interrupt control mode 2

Figure4.3 Stack Statusafter Exception Handling
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4.9 Usage Note

When performing stack-manipulating access, this LSI assumes that the lowest address bit is 0. The
stack should always be accessed by a word transfer instruction or a longword transfer instruction,
and the value of the stack pointer (SP: ER7) should always be kept even. Use the following
instructions to save registers:

e PUSHW Rn (or MOV.W Rn, @-SP)
e PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

e POP.W Rn (or MOV.W @SP+, Rn)
e POPL ERn (or MOV.L @SP+, ERn)

Performing stack manipulation while SP is set to an odd value leads to an address error. Figure 4.4
shows an example of operation when the SP value is odd.

Address

CCR SP-» RIL HFFFEFA
SP= HFFFEFB
RC PC H'FFFEFC
HFFFEFD
______________________________________________________ HFFFEFE
P HFFFEFF

TRAPA instruction executed MOV.B R1L, @-ER7 executed
B — B —
SP set to HFFFEFF T Data saved above SP Contents of CCR lost

(Address error occurred)

[Legend]

CCR: Condition code register
PC:  Program counter

R1L: General register R1L
SP:  Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode.

Figure4.4 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Features

e Two interrupt control modes

Any of two interrupt control modes can be set by means of bits INTM1 and INTMO in the
interrupt control register (INTCR).

e Priority can be assigned by the interrupt priority register (IPR)

IPR provides for setting interrupt priory. Eight levels can be set for each module for all
interrupts except for the interrupt requests listed below. The following seven interrupt requests
are given priority of 8, therefore they are accepted at all times.

— NMI
— Illegal instructions
— Trace
— Trap instructions
— CPU address error
— DMA address error (occurred in the DTC and DMAC)
— Sleep interrupt
e Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

o Thirteen external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling edge, rising edge, or both edge detection, or level
sensing, can be selected for IRQ11 to IRQO.

e DTC and DMAC control
DTC and DMAC can be activated by means of interrupts.

e CPU priority control function
The priority levels can be assigned to the CPU, DTC, and DMAC. The priority level of the
CPU can be automatically assigned on an exception generation. Priority can be given to the
CPU interrupt exception handling over that of the DTC and DMAC transfer.
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A block diagram of the interrupt controller is shown in figure 5.1.

INTM1, INTMO CPU
[iNTcA]
NMIEG |
< CCR
12to 10
Y EXR
NMI input > NMI input unit > interrupt reques=t
CPU
TRQ input IRQ input unit | ISR vector
Priority
ST DMAC
I ISCR I I ER IISSIERl determination
DMAC DMAC priority
activation control
" permission DMDR
Internal interrupt
sources Sour lector
WOVI to TEI4 ource selecto
CPU priority
A A DTC activation
request pTC
DTC priority
[pTCER|[DTCCR|  [CPUPCR] i DTG vector
iori Activation
DTC priority request
__ clear signal
Interrupt controller -
[Legend]
INTCR: Interrupt control register SSIER:  Software standby release IRQ enable register
CPUPCR: CPU priority control register IPR: Interrupt priority register
ISCR: IRQ sense control register DTCER: DTC enable register
IER: IRQ enable register DTCCR: DTC control register
ISR: IRQ status register DMDR: DMA mode control register

Figure5.1 Block Diagram of Interrupt Controller
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5.2

I nput/Output Pins

Table 5.1 shows the pin configuration of the interrupt controller.

Table5.1 Pin Configuration

Name 110 Function

NMI Input Nonmaskable External Interrupt

Rising or falling edge can be selected.

IRQ11 to IRQO Input Maskable External Interrupts

Rising, falling, or both edges, or level sensing, can be selected.

5.3 Register Descriptions

The interrupt controller has the following registers.

Interrupt control register INTCR)

CPU priority control register (CPUPCR)

Interrupt priority registers A to C, Eto I, K, and L (IPRA to IPRC, IPRE to IPRI, IPRK, and
IPRL)

IRQ enable register (IER)

IRQ sense control registers H and L (ISCRH, ISCRL)

IRQ status register (ISR)

Software standby release IRQ enable register (SSIER)
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531 Interrupt Control Register (INTCR)

INTCR selects the interrupt control mode, and the detected edge for NMI.

Bit 7

6

5

4 3 2 1 0

Bit Name —

INTM1

INTMO NMIEG — — —

Initial Value 0

R/W R

Bit Bit Name

Initial
Value

0
R/W

R/W

0 0 0 0 0
R/W R/W R R R

Description

7,6 —

AllO

Reserved

These are read-only bits and cannot be modified.

5 INTMA1
INTMO

R/W
R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control modes for
the interrupt controller.

00: Interrupt control mode 0

Interrupts are controlled by | bit in CCR.
01: Setting prohibited.
10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10 in EXR, and
IPR.

11: Setting prohibited.

3 NMIEG

R/W

NMI Edge Select

Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of NMI input
1: Interrupt request generated at rising edge of NMI input

2to0 —

AllO

R

Reserved
These are read-only bits and cannot be modified.
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532 CPU Priority Control Register (CPUPCR)

CPUPCR sets whether or not the CPU has priority over the DTC and DMAC. The interrupt
exception handling by the CPU can be given priority over that of the DTC or DMAC transfer. The
priority level of the DTC is assigned by the bits DTCP2 to DTCPO in CPUPCR. The priority level
of the DMAC is assigned by the control register of DMAC respectively in each channel.

Bit 7 6 5 4 3 2 1 0
BitName | CPUPCE DTCP2 DTCP1 DTCPO IPSETE CPUP2 CPUP1 CPUPO
Initial Value 0 0 0 0 0 0 0 0
RW R/W R/W RW R/W R/W R/(W)* R/(W)* R/(W)*

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 CPUPCE O R/W CPU Priority Control Enable
Controls the CPU priority control function. Setting this
bit to 1 enables the CPU priority control over DTC or
DMAC.
0: CPU always has the lowest priority
1: CPU priority control enabled
DTCP2 0 R/W DTC Priority Level 2 to 0
DTCP1 0 R/W These bits set the DTC priority level.
DTCPO 0 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)
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Initial

Bit Bit Name Value R/W Description

3 IPSETE 0 R/W Interrupt Priority Set Enable
Controls the function which automatically assigns the
interrupt priority level of the CPU. Setting this bit to 1
automatically sets bits CPUP2 to CPUPO by the CPU
interrupt mask bit (I bit in CCR or bits 12 to 10 in EXR).
0: Bits CPUP2 to CPUPO are not updated automatically
1: The interrupt mask bit value is reflected in bits

CPUP2 to CPUPO

2 CPUP2 0 R/(W)*  CPU Priority Level 2 to 0

1 CPUP1 0 R/(W)*  These bits set the CPU priority level. When the

0 CPUPO 0 R/(W)* CPUPCE is set to 1, the CPU priority control function

over the DTC and DMAC becomes valid and the priority
of CPU processing is assigned in accordance with the
settings of bits CPUP2 to CPUPO.

000: Priority level O (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits
cannot be modified.
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533 Interrupt Priority RegistersAtoC,Etol, K,and L (IPRA to IPRC, IPRE to IPRI,
IPRK, and IPRL)

IPR sets priory (levels 7 to 0) for interrupts other than NMI and sleep interrupt.

Setting a value in the range from B'000 to B'111 in the 3-bit groups of bits 14 to 12, 10 to 8, 6 to 4,
and 2 to 0 assigns a priority level to the corresponding interrupt. For the correspondence between
the interrupt sources and the IPR settings, see table 5.2.

Bit 15 14 13 12 11 10 9 8
Bit Name — IPR14 IPR13 IPR12 — IPR10 IPR9 IPR8
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved

This is a read-only bit and cannot be modified.

14 IPR14 1 R/W Sets the priority level of the corresponding interrupt
13 IPR13 1 R/w  Source.
12 IPR12 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1

010: Priority level 2

011: Priority level 3

100: Priority level 4

101: Priority level 5

110: Priority level 6

111: Priority level 7 (highest)

11 — 0 R Reserved
This is a read-only bit and cannot be modified.
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Bit Bit Name

Initial
Value

R/W

Description

10 IPR10
9 IPR9
8 IPR8

1
1
1

R/W
R/W
R/W

Sets the priority level of the corresponding interrupt
source.

000:
001:
010:
011:
100:
101:
110:
111:

Priority level O (lowest)
Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7 (highest)

Reserved

This is a read-only bit and cannot be modified.

IPR6
IPR5
IPR4

R/W
R/W
R/W

Sets the priority level of the corresponding interrupt
source.

000:
001:
010:
011:
100:
101:
110:
111:

Priority level O (lowest)
Priority level 1

Priority level 2

Priority level 3

Priority level 4

Priority level 5

Priority level 6

Priority level 7 (highest)

Reserved

This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name Value R/W Description
2 IPR2 1 R/W Sets the priority level of the corresponding interrupt
IPR1 1 Rw  Source.
0 IPRO 1 R/W 000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)
534 IRQ Enable Register (IER)

IER enables or disables interrupt requests IRQ11 to IRQO.

Bit 15 14 13 12 11 10 9 8
Bit Name — — — | — | wmate | iratoe IRQ9E IRQSE
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W RW R/W R/W RW R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W RIW R/W R/W
Initial
Bit Bit Name Value R/W  Description
15t012 — All O R/W  Reserved
These bits are always read as 0. The write value should
always be 0.
11 IRQ11E 0 R/W  IRQ11 Enable

The IRQ11 interrupt request is enabled when this bit is 1.
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Initial

Bit Bit Name Value R/W  Description
10 IRQ1I0OE O R/W  IRQ10 Enable

The IRQ10 interrupt request is enabled when this bit is 1.
9 IRQ9E 0 R/W  IRQ9 Enable

The IRQ9 interrupt request is enabled when this bit is 1.
8 IRQ8E 0 R/W  IRQ8 Enable

The IRQS8 interrupt request is enabled when this bit is 1.
7 IRQ7E 0 R/W  IRQ7 Enable

The IRQY7 interrupt request is enabled when this bit is 1.
6 IRQ6E 0 R/W  IRQ6 Enable

The IRQ6 interrupt request is enabled when this bit is 1.
5 IRQ5E 0 R/W  IRQ5 Enable

The IRQ5 interrupt request is enabled when this bit is 1.
4 IRQ4E 0 R/W  IRQ4 Enable

The IRQ4 interrupt request is enabled when this bit is 1.
3 IRQ3E 0 R/W  IRQ3 Enable

The IRQ3 interrupt request is enabled when this bit is 1.
2 IRQ2E 0 R/W  IRQ2 Enable

The IRQ2 interrupt request is enabled when this bit is 1.
1 IRQ1E 0 R/W IRQ1 Enable

The IRQ1 interrupt request is enabled when this bit is 1.
0 IRQOE 0 R/W  IRQO Enable

The IRQO interrupt request is enabled when this bit is 1.
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535 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)
ISCRH and ISCRL select the source that generates an interrupt request on pins IRQ11 to IRQO.

Upon changing the setting of ISCR, IRQnF (n =0to 11) in ISR is often set to 1 accidentally
through an internal operation. In this case, an interrupt exception handling is executed if an IRQn
interrupt request is enabled. In order to prevent such an accidental interrupt from occurring, the
setting of ISCR should be changed while the IRQn interrupt is disabled, and then the IRQnF in
ISR should be cleared to 0.

e ISCRH
Bit 15 14 13 12 11 10 9 8
Bit Name — — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQ9SF IRQ8SR IRQ8SF

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
e ISCRL

Bit 15 14 13 12 11 10 9 8

Bit Name IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR IRQ4SF
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR IRQOSF
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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e ISCRH
Initial
Bit Bit Name Value R/W Description
15to8 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
IRQ11SR R/W IRQ11 Sense Control Rise
6 IRQ11SF 0 R/W IRQ11 Sense Control Fall
00: Interrupt request generated by low level of IRQ11T
01: Interrupt request generated at falling edge of IRQ11
10: Interrupt request generated at rising edge of IRQ11
11: Interrupt request generated at both falling and rising
edges of IRQ11
5 IRQ10SR 0 R/W IRQ10 Sense Control Rise
IRQ10SF R/W IRQ10 Sense Control Fall
00: Interrupt request generated by low level of IRQ10
01: Interrupt request generated at falling edge of IRQ10
10: Interrupt request generated at rising edge of IRQ10
11: Interrupt request generated at both falling and rising
edges of IRQ10
3 IRQ9SR 0 R/W IRQ9 Sense Control Rise
2 IRQ9SF 0 R/W IRQ9 Sense Control Fall
00: Interrupt request generated by low level of IRQ9
01: Interrupt request generated at falling edge of IRQ9
10: Interrupt request generated at rising edge of IRQ9
11: Interrupt request generated at both falling and rising
edges of IRQ9
IRQ8SR 0 R/W IRQ8 Sense Control Rise
0 IRQ8SF 0 R/W IRQ8 Sense Control Fall

00: Interrupt request generated by low level of IRQ8
01: Interrupt request generated at falling edge of IRQ8
10: Interrupt request generated at rising edge of IRQ8

11: Interrupt request generated at both falling and rising
edges of IRQ8
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e ISCRL
Initial
Bit Bit Name Value R/W Description
15 IRQ7SR 0 R/W IRQ7 Sense Control Rise
14 IRQ7SF 0 R/W IRQ7 Sense Control Fall
00: Interrupt request generated by low level of IRQ7
01: Interrupt request generated at falling edge of IRQ7
10: Interrupt request generated at rising edge of IRQ7
11: Interrupt request generated at both falling and rising
edges of IRQ7
13 IRQ6SR R/W IRQ6 Sense Control Rise
12 IRQ6SF R/W IRQ6 Sense Control Fall
00: Interrupt request generated by low level of IRQ6
01: Interrupt request generated at falling edge of IRQ6
10: Interrupt request generated at rising edge of IRQ6
11: Interrupt request generated at both falling and rising
edges of IRQ6
11 IRQ5SR R/W IRQ5 Sense Control Rise
10 IRQ5SF R/W IRQ5 Sense Control Fall
00: Interrupt request generated by low level of IRQ5
01: Interrupt request generated at falling edge of IRQ5
10: Interrupt request generated at rising edge of IRQ5
11: Interrupt request generated at both falling and rising
edges of IRQ5
9 IRQ4SR 0 R/W IRQ4 Sense Control Rise
IRQ4SF 0 R/W IRQ4 Sense Control Fall

00: Interrupt request generated by low level of IRQ4
01: Interrupt request generated at falling edge of IRQ4
10: Interrupt request generated at rising edge of IRQ4

11: Interrupt request generated at both falling and rising
edges of IRQ4
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Initial
Bit Bit Name Value R/W Description
7 IRQ3SR 0 R/W IRQ3 Sense Control Rise
6 IRQ3SF 0 R/W IRQ3 Sense Control Fall
00: Interrupt request generated by low level of IRQ3
01: Interrupt request generated at falling edge of IRQ3
10: Interrupt request generated at rising edge of IRQ3
11: Interrupt request generated at both falling and rising
edges of IRQ3
5 IRQ2SR 0 R/W IRQ2 Sense Control Rise
IRQ2SF R/W IRQ2 Sense Control Fall
00: Interrupt request generated by low level of IRQ2
01: Interrupt request generated at falling edge of IRQ2
10: Interrupt request generated at rising edge of IRQ2
11: Interrupt request generated at both falling and rising
edges of IRQ2
IRQ1ISR 0 R/W IRQ1 Sense Control Rise
2 IRQ1SF R/W IRQ1 Sense Control Fall
00: Interrupt request generated by low level of IRQ1T
01: Interrupt request generated at falling edge of IRQT
10: Interrupt request generated at rising edge of IRQ1
11: Interrupt request generated at both falling and rising
edges of IRQ1
IRQOSR R/W IRQO Sense Control Rise
0 IRQOSF R/W IRQO Sense Control Fall

00: Interrupt request generated by low level of IRQO
01: Interrupt request generated at falling edge of IRQO
10: Interrupt request generated at rising edge of IRQO

11: Interrupt request generated at both falling and rising
edges of IRQO
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536

IRQ Status Register (ISR)

ISR is an IRQ11 to IRQO interrupt request register.

Bit 15 14 13 12 11 10 9 8
BitName | — | — — — IRQ11F | IRQ10F IRQOF IRQSF
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/IW R/W R/(W)* R/(W)* R/(W)* R/(W)*
Bit 7 6 5 4 3 2 1 0
Bit Name IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
Initial Value 0 0 0 0 0 0 0 0
R/W R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only 0 can be written, to clear the flag. The bit manipulation instructions or memory operation instructions should
be used to clear the flag.
Initial

Bit Bit Name Value R/W Description
15t012 — All O R/W Reserved

These bits are always read as 0. The write value should

always be 0.
11 IRQ11F 0 R/(W)* [Setting condition]
10 IRQ10F 0 R/(W)* e When the interrupt selected by ISCR occurs
9 IRQ9F 0 R/(W)* [Clearing conditions]
8 IRQ8F 0 R/(W)* e Writing O after reading IRQnF = 1
7 IRQ7F 0 R/(W)* e When interrupt exception handling is executed when
6 IRQ6F 0 R/(W)* low-level sensing is selected and IRQn input is high
5 IRQ5F 0 R/(W)* e When IRQn interrupt exception handling is executed
4 IRQ4F 0 R/(W)* when falling-, rising-, or both-edge sensing is
3 IRQ3F 0 Riw)+  Selected
> IRQ2F 0 R/(W)* e When the DTC is_ gctivated by an IRQr.1 interrupt,

and the DISEL bit in MRB of the DTC is cleared to 0

1 IRQ1F 0 R/(W)*
0 IRQOF 0 R/(W)*
Note: * Only O can be written, to clear the flag.

RENESAS
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537 Softwar e Standby Release IRQ Enable Register (SSIER)
SSIER selects pins used to leave software standby mode from pins IRQ11 to IRQO.

The IRQ interrupt used to leave software standby mode should not be set as the DTC activation
source.

Bit 15 14 13 12 11 10 9 8
Bit Name | — — — — SSi1 SSI10 Ssl9 Ssi8
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name ssI7 ssle ssis Ssl4 ssI3 ssl2 ssi sslo
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W RW R/W R/W RW R/W R/W
Initial
Bit Bit Name Value R/W Description
15t012 — All O R/W Reserved
These bits are always read as 0. The write value should
always be 0.
11 SSI11 0 R/W Software Standby Release IRQ Setting
10 SSI10 0 R/W These bits select the IRQnN pins used to leave software
9 ssl9 0 R/W standby mode (n =11 to 0).
8 ssis 0 R/W 0: IRQnN requests are not sampled in software standby
7 ssl17 0 RIW mode |
6 SSI6 0 RIW 1: When an. IRQnN request occurs in software standby
mode, this LSI leaves software standby mode after
5 SSI5 0 R/W . L
the oscillation settling time has elapsed
4 SSi4 0 R/W
3 SSI3 0 R/W
2 SSI2 0 R/W
1 SSH 0 R/W
0 SSIo 0 R/W

Rev.2.00 Jun. 28, 2007 Page 100 of 784
REJ09B248-0200 RENESAS



Section 5 Interrupt Controller

54 Interrupt Sources

54.1 External Interrupts

There are thirteen external interrupts: NMI and IRQ11 to IRQO. These interrupts can be used to
leave software standby mode.

(1) NMI Interrupts

Nonmaskable interrupt request (NMI) is the highest-priority interrupt, and is always accepted by
the CPU regardless of the interrupt control mode or the settings of the CPU interrupt mask bits.
The NMIEG bit in INTCR selects whether an interrupt is requested at the rising or falling edge on
the NMI pin.

When an NMI interrupt is generated, the interrupt controller determines that an error has occurred,
and performs the following procedure.

e Sets the ERR bit in DTCCR to 1.
e Sets the ERRF bit of DMDR_0 in DMAC to 1.
e The DTE bits of all channels in DMAC are cleared to 0, and transfer is terminated.

(2) [IRQn Interrupts

An IRQn interrupt is requested by a signal input on pins IRQn (n = 11 to 0). IRQn interrupts have
the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, on pins IRQn.

e Enabling or disabling of interrupt requests IRQn can be selected by IER.

e The interrupt priority can be set by IPR.

e The status of interrupt requests IRQn is indicated in ISR. ISR flags can be cleared to O by
software. The bit manipulation instructions and memory operation instructions should be used
to clear the flag.

Detection of IRQn interrupts is enabled through the P1ICR, P2ICR, and P5ICR register settings,
and does not change regardless of the output setting. However, when a pin is used as an external
interrupt input pin, the pin must not be used as an I/O pin for another function by clearing the
corresponding DDR bit to 0.
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A block diagram of interrupts IRQn is shown in figure 5.2.

Corresponding bit IRQNSF, IRQNSR IRQnE
in ICR
l l IRQnF
IRQn interrupt request

o Edge/level |

. Input buffer > detection circuit S N
IRQn input R

[Legend] Clear signal
n=11t00

Figure5.2 Block Diagram of InterruptsIRQn

When the IRQ sensing control in ISCR is set to a low level of signal IRQn, the level of IRQn
should be held low until an interrupt handling starts. Then set the corresponding input signal IRQn
to high in the interrupt handling routine and clear the IRQnF to 0. Interrupts may not be executed
when the corresponding input signal IRQn is set to high before the interrupt handling begins.

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that enable or disable these interrupts. They can be controlled independently.
When the enable bit is set to 1, an interrupt request is issued to the interrupt controller.

e The interrupt priority can be set by means of IPR.

e The DTC and DMAC can be activated by a TPU, SCI, or other interrupt request.

e DTC and DMAC activation can be controlled by the CPU priority control function over DTC
and DMAC.

54.3 Sleep Interrupt

A sleep interrupt is generated by executing a SLEEP instruction. The sleep interrupt is non-
maskable, and is always accepted regardless of the interrupt control mode or the settings of the
CPU interrupt mask bits. The SLPIE bit in SBYCR selects whether the sleep interrupt function is
enabled or not.
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5.5

Interrupt Exception Handling Vector Table

Table 5.2 lists interrupt exception handling sources, vector address offsets, and interrupt priority.

In the default priority order, a lower vector number corresponds to a higher priority. When
interrupt control mode 2 is set, priority levels can be changed by setting the IPR contents. The

priority for interrupt sources allocated to the same level in IPR follows the default priority, that is,
they are fixed.

Table5.2 Interrupt Sources, Vector Address Offsets, and Interrupt Priority
Vector
Address
Offset*
—_— DTC DMAC
Classifi- Vector Advanced Acti-  Acti-
cation Interrupt Source Number Mode IPR Priority vation vation
External NMI 7 H'001C — High — —
pin A
SLEEP Sleep interrupt 18 H'0048 — — —
instruc-
tion
External IRQO 64 H'0100 IPRA14 to IPRA12 Enabled —
pin IRQ1 65 H0104  IPRA10 to IPRAS Enabled —
IRQ2 66 H'0108 IPRAG6 to IPRA4 Enabled —
IRQ3 67 H'010C IPRA2 to IPRAO Enabled —
IRQ4 68 H'0110 IPRB14 to IPRB12 Enabled —
IRQ5 69 H'0114 IPRB10 to IPRB8 Enabled —
IRQ6 70 H'0118 IPRB6 to IPRB4 Enabled —
IRQ7 71 H'011C IPRB2 to IPRBO Enabled —
IRQ8 72 H'0120 IPRC14 to IPRC12 Enabled —
IRQ9 73 H'0124 IPRC10 to IPRC8 Enabled —
IRQ10 74 H'0128 IPRC6 to IPRC4 Enabled —
IRQ11 75 H'012C IPRC2 to IPRCO Low Enabled —
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Vector
Address
Offset” DTC  DMAC
Classifi- Vector Advanced Acti-  Acti-
cation Interrupt Source Number Mode IPR Priority vation vation
— Reserved for system use 76 H'0130 — High — —
77 H'0134 A — _
78 H'0138 — —
79 H'013C — —
80 H'0140 — —
WDT WOoVI 81 H'0144 IPRE10 to IPRES8 — —
— Reserved for system use 82 H'0148 — — —
83 H'014C — —
84 H'015C — —
85 H'0154 — —
A/D ADI 86 H'0158 IPRF10 to IPRF8 Enabled Enabled
— Reserved for system use 87 H'015C — — —
TPU_O  TGIOA 88 H'0160 IPRF6 to IPRF4 Enabled Enabled
TGIOB 89 H'0164 Enabled —
TGIOC 90 H'0168 Enabled —
TGIOD 91 H'016C Enabled —
TCIloV 92 H'0170 — —
TPU_1 TGHHA 93 H'0174 IPRF2 to IPRFO Enabled Enabled
TGI1B 94 H'0178 Enabled —
TCIHV 95 H'017C — —
TCHU 96 H'0180 — —
TPU_2  TGI2A 97 H'0184 IPRG14 to IPRG12 Enabled Enabled
TGI2B 98 H'0188 Enabled —
TCl2v 99 H'018C — —
TCI2U 100 H'0190 Low — —
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Vector
Address
Offset” DTC  DMAC
Classifi- Vector Advanced Acti-  Acti-
cation Interrupt Source Number Mode IPR Priority vation vation
TPU_3  TGI3A 101 H'0194 IPRG10 to IPRG8 High Enabled Enabled
TGI3B 102 H'0198 A Enabled —
TGI3C 103 H'019C Enabled —
TGI3D 104 H'01A0 Enabled —
TCI3V 105 H'01A4 — —
TPU_4 TGI4A 106 H'01A8 IPRG6 to IPRG4 Enabled Enabled
TGI4B 107 H'01AC Enabled —
TCl4Vv 108 H'01BO — —
TCl4U 109 H'01B4 — —
TPU_5  TGI5A 110 H'01B8 IPRG2 to IPRGO Enabled Enabled
TGI5B 111 H'01BC Enabled —
TCI5V 112 H'01CO0 — —
TCI5U 113 H'01C4 — —
— Reserved for system use 114 H'01C8 — — —
115 H'01CC — —
TMR_0O CMIOA 116 H'01DO0 IPRH14 to IPRH12 Enabled —
CMIoB 117 H'01D4 Enabled —
ovol 118 H'01D8 — —
TMR_1 CMHA 119 H'01DC IPRH10 to IPRH8 Enabled —
CMI1B 120 H'01EO0 Enabled —
OoVvi1l 121 H'01E4 — —
TMR_2 CMI2A 122 H'01E8 IPRH6 to IPRH4 Enabled —
CMI2B 123 H'01EC Enabled —
oval 124 H'01FO — —
TMR_3 CMI3A 125 H'01F4 IPRH2 to IPRHO Enabled —
CMI3B 126 H'01F8 Enabled —
oval 127 H'01FC Low — —
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Vector
Address
Offset” DTC  DMAC
Classifi- Vector Advanced Acti-  Acti-
cation Interrupt Source Number Mode IPR Priority vation vation
DMAC DMTENDO 128 H'0200 IPRI14 to IPRI12 High Enabled —
DMTEND1 129 H'0204 IPRI10 to IPRI18 A Enabled —
DMTEND2 130 H'0208 IPRI16 to IPRI14 Enabled —
DMTENDS3 131 H'020C IPRI12 to IPRI10 Enabled —
— Reserved for system use 132 H'0210 — — —
133 H'0214 — —
134 H'0218 — —
135 H'021C — —
DMAC DMEENDO 136 H'0220 IPRK14 to IPRK12 Enabled —
DMEEND1 137 H'0224 Enabled —
DMEEND2 138 H'0228 Enabled —
DMEEND3 139 H'022C Enabled —
— Reserved for system use 140 H'0230 — — —
141 H'0234 — —
142 H'0238 — —
143 H'023C — —
SCI_0 ERIO 144 H'0240 IPRK®6 to IPRK4 — —
RXI0 145 H'0244 Enabled Enabled
TXIO 146 H'0248 Enabled Enabled
TEIO 147 H'024C — —
SCI_1 ERI1 148 H'0250 IPRK2 to IPRKO — —
RXI1 149 H'0254 Enabled Enabled
TXI 150 H'0258 Enabled Enabled
TEN 151 H'025C Low — —
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Vector
Address
Offset” DTC  DMAC
Classifi- Vector Advanced Acti-  Acti-
cation Interrupt Source Number Mode IPR Priority vation vation
SCI_2 ERI2 152 H'0260 IPRL14 to IPRL12  High — —
RXI2 153 H'0264 A Enabled Enabled
TXI2 154 H'0268 Enabled Enabled
TEI2 155 H'026C — —
SCI_3 ERI3 156 H'0270 IPRL10 to IPRL8 — —
RXI3 157 H'0274 Enabled Enabled
TXI3 158 H'0278 Enabled Enabled
TEI3 159 H'027C — —
SCI_4 ERI4 160 H'0280 IPRL6 to IPRL4 — —
RXI14 161 H'0284 Enabled Enabled
TXI4 162 H'0288 Enabled Enabled
TEI4 163 H'028C — —
— Reserved for system use 164 H'0290 — — —
I |
255 H'03FC Low — —

Note: * Lower 16 bits of the start address.
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two interrupt control modes: interrupt control mode O and interrupt
control mode 2. Interrupt operations differ depending on the interrupt control mode. The interrupt
control mode is selected by INTCR. Table 5.3 shows the differences between interrupt control
mode 0 and interrupt control mode 2.

Table5.3 Interrupt Control Modes

Interrupt Priority Setting Interrupt
Control Mode Register Mask Bit  Description

0 Default | The priority levels of the interrupt sources are
fixed default settings.
The interrupts except for NMI and sleep
interrupt is masked by the | bit.

2 IPR 12to 10 Eight priority levels can be set for interrupt
sources except for NMI and sleep interrupt with
IPR.
8-level interrupt mask control is performed by
bits 12 to 10.

5.6.1 Interrupt Control Mode O

In interrupt control mode O, interrupt requests except for NMI and sleep interrupt are masked by
the I bit in CCR of the CPU. Figure 5.3 shows a flowchart of the interrupt acceptance operation in
this case.

1. If an interrupt request occurs when the corresponding interrupt enable bit is set to 1, the
interrupt request is sent to the interrupt controller.

2. If the I bit in CCR is set to 1, NMI and sleep interrupt is accepted, and other interrupt requests
are held pending. If the I bit is cleared to 0, an interrupt request is accepted.

3. For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority, sends the request to the CPU, and holds other interrupt requests pending.

4. When the CPU accepts the interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC and CCR contents are saved to the stack area during the interrupt exception handling.
The PC contents saved on the stack are the address of the first instruction to be executed after
returning from the interrupt handling routine.

6. Next, the I bit in CCR is set to 1. This masks all interrupts except NMI and sleep interrupt.
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The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.

Program execution state

.

Y

No

Interrupt generated?

Yes

NMI or sleep interrupt

\/

Pending

y
| Save PC and CCR |

1

| 1 |

1

| Read vector address |

Y

|Branch to interrupt handling routinel

Figure5.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode O
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5.6.2 Interrupt Control Mode 2

In interrupt control mode 2, interrupt requests except for NMI and sleep interrupt are masked by
comparing the interrupt mask level (I2 to 10 bits) in EXR of the CPU and the IPR setting. There
are eight levels in mask control. Figure 5.4 shows a flowchart of the interrupt acceptance operation
in this case.

1. If an interrupt request occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

2. For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority according to the IPR setting, and holds other interrupt requests pending. If
multiple interrupt requests have the same priority, an interrupt request is selected according to
the default setting shown in table 5.2.

3. Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. When the interrupt request does not have priority over the mask level set, it is held
pending, and only an interrupt request with a priority over the interrupt mask level is accepted.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC, CCR, and EXR contents are saved to the stack area during interrupt exception
handling. The PC saved on the stack is the address of the first instruction to be executed after
returning from the interrupt handling routine.

6. The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority of the
accepted interrupt. If the accepted interrupt is NMI or sleep interrupt, the interrupt mask level
is set to H'7.

7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.
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Y
Program execution state

No

Interrupt generated?
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Yes

NMI o
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rrupt

Mask level 5 No
or below?

Mask level 0?7
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[ save PC, CCR, and EXR | Pending
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Clear T bitto 0 |

!

| Update mask level |

1

| Read vector address |

|Branch to interrupt handling routinel

A

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

interrupt control mode 0 is set in maximum mode, and the program area and stack area are in on-

Figure 5.5 shows the interrupt exception handling sequence. The example is for the case where
chip memory.

Section 5 Interrupt Controller

56.3

¥-dS (2)
aunnol Bulipuey jdnusyul jo uononssulisiy  (21) Z2-ds (g)
((01) = (11)) aunnou Bupuey ydnusyul jo ssaippe Lels  (L1) (‘panoexa JON) ssaippe yojejeid uononisu (e)
(sluajuod ssaippe 10}0aA) aunnol Bulpuey jdnisiul jo ssaippe Leis  (0L) (‘paInoaxa JoN) apod uononasul () (2)
SSaIppe J0}09A (6) ('ssalppe uinjal 8y} ‘Od PAAES 8y} JO SJUSU0D U}
YOO panes pue Od penes (g) (9) S| SIUL "PaInvexa JON) ssaippe yolejeid uononisul (]
1 1
\_ \ ! snq ejep
! |leutau|
| [eubis ayum
; Jewseiu|
|

—

SR R S -

snq ssaippe
[eulaiu|

1 |leubis peal
l [eusaiu|
'

|euBis }senbai
1dnueyu|

| | o

T
supnos uonesado Yol 10108 Noels uonelado
Bupuey 1dnueur ul - [BUISIU| Jeulaiu|

yoyeyaid uononisul

UORONIISUI JO puB 10} HEAL
uoneulwLBlep [9A8] idnuajul

RENESAS

Figure5.5 Interrupt Exception Handling
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564 Interrupt Response Times

Table 5.4 shows interrupt response times — the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The symbols for execution

states used in table 5.4 are explained in table 5.5.
The stack area in on-chip RAM enables high-speed processing.

Table5.4 Interrupt Response Times

Normal Mode*® Advanced Mode

Maximum Mode*®

Interrupt Interrupt Interrupt Interrupt

Interrupt Interrupt

Control Control Control Control Control Control
Execution State Mode 0 Mode 2 Mode 0 Mode 2 Mode 0 Mode 2
Interrupt priority determination*' 3
Number of states until executing 1t0 19+ 2.S,
instruction ends**
PC, CCR, EXR stacking S, t02.8,*° 2.5, S to 2.5 2.8, 2.8, 2.8,
Vector fetch S,
Instruction fetch*® 2.5,
Internal processing** 2

Total (using on-chip memory) 10 to 31 11 to 31 10 to 31 11 to 31

11 to 31 11 to 31

Notes: 1. Two states for an internal interrupt.
2. Inthe case of the MULXS or DIVXS instruction

Not available in this LSI.

o 0w

4n + 2, the interrupt response time is 2-S,.

Prefetch after interrupt acceptance or for an instruction in the interrupt handling routine.
Internal operation after interrupt acceptance or after vector fetch

When setting the SP value to 4n, the interrupt response time is S,; when setting to
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Table5.5 Number of Execution Statesin Interrupt Handling Routine

Object of Access

External Device

8-Bit Bus 16-Bit Bus

On-Chip 2-State 3-State 2-State 3-State
Symbol Memory Access Access Access Access
Vector fetch S, 1 8 12 +4m 4 6 +2m
Instruction fetch S, 1 4 6+2m 2 3+m
Stack manipulation S, 1 8 12 +4m 4 6 +2m
[Legend]
m: Number of wait cycles in an external device access.

5.6.5 DTC and DMAC Activation by Interrupt

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
available:

e Interrupt request to the CPU
e Activation request to the DTC
e Activation request to the DMAC

e Combination of the above

For details on interrupt requests that can be used to activate the DTC and DMAC, see table 5.2,
section 7, DMA Controller (DMAC), and section 8, Data Transfer Controller (DTC).
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Figure 5.6 shows a block diagram of the DTC, DMAC, and interrupt controller.

Select signal
:' DMRSR_0 to DMRSR_3 |
‘ Control signal
Interrupt request ivati i
upt requ DMAC activation request signal > DMAC
. - Clear signal
On-chip | DMAC <
peripheral select Clear signal
module Interrupt rAequest circuit
clear signal
Select signal
Interrupt request DTC activation request
— vector number
Clear signal . DTC control DTC
circuit _ |Clear signal
DTC/CPU -
Interrupt request ect
S? e? CPU interrupt request
IRQ | circuit vector number
interrupt Interrupt request clear signal I Priority cPU
determination | | | 121010
Interrupt controller

Figure5.6 Block Diagram of DTC, DMAC, and Interrupt Controller
(1) Selection of Interrupt Sources

The activation source for each DMAC channel is selected by DMRSR. The selected activation
source is input to the DMAC through the select circuit. When transfer by an on-chip module
interrupt is enabled (DTF1 = 1, DTFO = 0, and DTE = 1 in DMDR) and the DTA bit in DMDR is
set to 1, the interrupt source selected for the DMAC activation source is controlled by the DMAC
and cannot be used as a DTC activation source or CPU interrupt source.

Interrupt sources that are not controlled by the DMAC are set for DTC activation sources or CPU
interrupt sources by the DTCE bit in DTCERA to DTCERH of the DTC.

Specifying the DISEL bit in MRB of the DTC generates an interrupt request to the CPU by
clearing the DTCE bit to O after the individual DTC data transfer.

Note that when the DTC performs a predetermined number of data transfers and the transfer
counter indicates 0, an interrupt request is made to the CPU by clearing the DTCE bit to O after the
DTC data transfer.
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When the same interrupt source is set as both the DTC and DMAC activation source and CPU
interrupt source, the DTC and DMAC must be given priority over the CPU. If the IPSETE bit in
CPUPCR is set to 1, the priority is determined according to the IPR setting. Therefore, the CPUP
setting or the IPR setting corresponding to the interrupt source must be set to lower than or equal
to the DTCP and DMAP setting. If the CPU is given priority over the DTC and DMAC, the DTC
and DMAC may not be activated, and the data transfer may not be performed.

(2) Priority Determination

The DTC activation source is selected according to the default priority, and the selection is not
affected by its mask level or priority level. For respective priority levels, see table 8.1, Interrupt
Sources, DTC Vector Addresses, and Corresponding DTCEs.

(3) Operation Order

If the same interrupt is selected as both the DTC activation source and CPU interrupt source, the
CPU interrupt exception handling is performed after the DTC data transfer. If the same interrupt is
selected as the DTC or DMAC activation source or CPU interrupt source, respective operations
are performed independently.

Table 5.6 lists the selection of interrupt sources and interrupt source clear control by setting the
DTA bit in DMDR of the DMAC, the DTCE bit in DTCERA to DTCERH of the DTC, and the
DISEL bit in MRB of the DTC.

Table5.6 Interrupt Source Selection and Clear Control

DMAC Setting DTC Setting Interrupt Source Selection/Clear Control
DTA DTCE CISEL DMAC DTC CPU
0 0 * 0 X V
1 0 o] v X
1 o) o V
1 * * ol X X
[Legend]

\: The corresponding interrupt is used. The interrupt source is cleared.
(The interrupt source flag must be cleared in the CPU interrupt handling routine.)
O: The corresponding interrupt is used. The interrupt source is not cleared.
X:  The corresponding interrupt is not available.
*: Don't care.
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(4) UsageNote

The interrupt sources of the SCI and A/D converter are cleared according to the setting shown in
table 5.6, when the DTC or DMAC reads/writes the prescribed register.

To initiate multiple channels for the DTC or DMAC with the same interrupt, the same priority
(DTCP = DMAP) should be assigned.

5.7 CPU Priority Control Function Over DTC and DMAC

The interrupt controller has a function to control the priority among the DTC, DMAC, and the
CPU by assigning different priority levels to the DTC, DMAC, and CPU. Since the priority level
can automatically be assigned to the CPU on an interrupt occurrence, it is possible to execute the
CPU interrupt exception handling prior to the DTC or DMAC transfer.

The priority level of the CPU is assigned by bits CPUP2 to CPUPO in CPUPCR. The priority level
of the DTC is assigned by bits DTCP2 to DTCPO in CPUPCR. The priority level of the DMAC is
assigned by bits DMAP2 to DMAPO in DMDR for each channel.

The priority control function over the DTC and DMAC is enabled by setting the CPUPCE bit in
CPUPCR to 1. When the CPUPCE bit is 1, the DTC and DMAC activation sources are controlled
according to the respective priority levels.

The DTC activation source is controlled according to the priority level of the CPU indicated by
bits CPUP2 to CPUPO and the priority level of the DTC indicated by bits DTCP2 to DTCPO. If the
CPU has priority, the DTC activation source is held. The DTC is activated when the condition by
which the activation source is held is cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO
is greater than that of bits DTCP2 to DTCPO). The priority level of the DTC is assigned by the
DTCP2 to DTCPO bits regardless of the activation source.

For the DMAC, the priority level can be specified for each channel. The DMAC activation source
is controlled according to the priority level of each DMAC channel indicated by bits DMAP2 to
DMAPO and the priority level of the CPU. If the CPU has priority, the DMAC activation source is
held. The DMAC is activated when the condition by which the activation source is held is
cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPQO is greater than that of bits DMAP2 to
DMAPO). If different priority levels are specified for channels, the channels of the higher priority
levels continue transfer and the activation sources for the channels of lower priority levels than
that of the CPU are held.
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There are two methods for assigning the priority level to the CPU by the IPSETE bit in CPUPCR.
Setting the IPSETE bit to 1 enables a function to automatically assign the value of the interrupt
mask bit of the CPU to the CPU priority level. Clearing the IPSETE bit to O disables the function
to automatically assign the priority level. Therefore, the priority level is assigned directly by
software rewriting bits CPUP2 to CPUPO. Even if the IPSETE bit is 1, the priority level of the
CPU is software assignable by rewriting the interrupt mask bit of the CPU (I bit in CCR or 12 to 10
bits in EXR).

The priority level which is automatically assigned when the IPSETE bit is 1 differs according to
the interrupt control mode.

In interrupt control mode O, the I bit in CCR of the CPU is reflected in bit CPUP2. Bits CPUP1
and CPUPO are fixed 0. In interrupt control mode 2, the values of bits 12 to 10 in EXR of the CPU
are reflected in bits CPUP2 to CPUPO.

Table 5.7 shows the CPU priority control.

Table5.7 CPU Priority Control

Control Status

Interrupt
Control Interrupt Interrupt IPSETE in Rewriting of CPUP2
Mode Priority Mask Bit CPUPCR CPUP2to CPUPO to CPUPO
0 Default | =any 0 B'111 to B'000 Enabled

I=0 1 B'000 Disabled*

=1 B'100
2 IPR setting 12to 10 0 B'111 to B'000 Enabled

12to 10 Disabled*

Note: * The CPU priority is automatically updated.

Rev.2.00 Jun. 28, 2007 Page 118 of 784
REJ09B248-0200 RENESAS



Section 5 Interrupt Controller

Table 5.8 shows an setting example of the priority control function over the DTC and DMAC and
the transfer request control state. A priority level can be independently set to each DMAC channel,
but the table only shows one channel for example. Transfers through the DMAC channels can be
separately controlled by assigning different priority levels for channels.

Table5.8 Exampleof Priority Control Function Setting and Control State

Interrupt Control CPUPCE in  CPUP2to  DTCP2to  DMAP2to | ansfer Request Control State

Mode CPUPCR  CPUPO DTCPO DMAPO DTC DMAC
0 0 Any Any Any Enabled Enabled
1 B'000 B'000 B'000 Enabled Enabled
B'100 B'000 B'000 Masked Masked
B'100 B'000 B'011 Masked Masked
B'100 B'111 B'101 Enabled Enabled
B'000 B'111 B'101 Enabled Enabled
2 0 Any Any Any Enabled Enabled
B'000 B'000 B'000 Enabled Enabled
B'000 B'011 B'101 Enabled Enabled
B'011 B'011 B'101 Enabled Enabled
B'100 B'011 B'101 Masked Enabled
B'101 B'011 B'101 Masked Enabled
B'110 B'011 B'101 Masked Masked
B'111 B'011 B'101 Masked Masked
B'101 B'011 B'101 Masked Enabled
B'101 B'110 B'101 Enabled Enabled
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5.8 Usage Notes

581 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to mask the interrupt, the masking becomes effective
after execution of the instruction.

When an interrupt enable bit is cleared to 0 by an instruction such as BCLR or MOV, if an
interrupt is generated during execution of the instruction, the interrupt concerned will still be
enabled on completion of the instruction, and so interrupt exception handling for that interrupt will
be executed on completion of the instruction. However, if there is an interrupt request with priority
over that interrupt, interrupt exception handling will be executed for the interrupt with priority,
and another interrupt will be ignored. The same also applies when an interrupt source flag is
cleared to 0. Figure 5.7 shows an example in which the TCIEV bit in TIER of the TPU is cleared
to 0. The above conflict will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.

TIER_O write cycle by CPU ) TCIV exception handling

Po

Internal

address bus TIER_O address

Internal
write signal

TCIEV

N

TCIV
interrupt signal

e iRt EETEEEE ERL SV ps

\

Figure5.7 Conflict between Interrupt Generation and Disabling

If an interrupt is generated immediately before rewriting the DTC enable bit, both DTC activation
and CPU interrupt exception handling are executed. To rewrite the DTC enable bit, execute this
while the corresponding interrupt request is not generated.
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582 Instructionsthat Disable Interrupts

Instructions that disable interrupts immediately after execution are LDC, ANDC, ORC, and
XORC. After any of these instructions is executed, all interrupts including NMI are disabled and
the next instruction is always executed. When the I bit is set by one of these instructions, the new
value becomes valid two states after execution of the instruction ends.

5.8.3 Timeswhen Interruptsare Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction, and for a period of
writing to the registers of the interrupt controller.

584 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPMOV.B and the EEPMOV.W instructions.

With the EEPMOV.B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at the end of the individual transfer cycle. The PC value saved on the
stack in this case is the address of the next instruction. Therefore, if an interrupt is generated
during execution of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV.W R4,R4
BNE Ll

585 Interrupts during Execution of MOVMD and MOV SD I nstructions

With the MOVMD or MOVSD instruction, if an interrupt request is issued during the transfer,
interrupt exception handling starts at the end of the individual transfer cycle. The PC value saved
on the stack in this case is the address of the MOVMD or MOVSD instruction. The transfer of the
remaining data is resumed after returning from the interrupt handling routine.
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5.8.6 Interrupt Source Flag of Peripheral Module

To clear an interrupt source flag by the CPU using an interrupt function of a peripheral module,
the flag must be read from after clearing within the interrupt processing routine. This makes the
request signal synchronized with the peripheral module clock.
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Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the external address space divided into
eight areas.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters; CPU, DMAC, and DTC.

6.1 Features

e Manages external address space in area units
Manages the external address space divided into eight areas.
Chip select signals (CSO to CS7) can be output for each area.
Bus specifications can be set independently for each area.
8-bit access or 16-bit access can be selected for each area.
Burst ROM, byte control SRAM, or address/data multiplexed I/O interface can be set.
An endian conversion function is provided to connect a device of little endian.
e Basic bus interface
This interface can be connected to the SRAM and ROM.
2-state access or 3-state access can be selected for each area.
Program wait cycles can be inserted for each area.
Wait cycles can be inserted by the WAIT pin.
Extension cycles can be inserted while CSn is asserted for each area (n = 0 to 7).
The negation timing of the read strobe signal (RD) can be modified.
e Byte control SRAM interface
Byte control SRAM interface can be set for areas 0 to 7.
The SRAM that has a byte control pin can be directly connected.
e Burst ROM interface
Burst ROM interface can be set for areas 0 and 1.
Burst ROM interface parameters can be set independently for areas 0 and 1.
e Address/data multiplexed I/O interface

Address/data multiplexed 1/O interface can be set for areas 3 to 7.
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e Idle cycle insertion
Idle cycles can be inserted between external read accesses to different areas.
Idle cycles can be inserted before the external write access after an external read access.
Idle cycles can be inserted before the external read access after an external write access.

Idle cycles can be inserted before the external access after a DMAC single address transfer
(write access)

e  Write buffer function
External write cycles and internal accesses can be executed in parallel

Write accesses to the on-chip peripheral module and on-chip memory accesses can be executed
in parallel

DMAC single address transfers and internal accesses can be executed in parallel
¢ External bus release function
e Bus arbitration function

Includes a bus arbiter that arbitrates bus mastership among the CPU, DMAC, DTC, and
external bus master

e  Multi-clock function

The internal peripheral functions can be operated in synchronization with the peripheral
module clock (P¢). Accesses to the external address space can be operated in synchronization
with the external bus clock (B¢).

e The bus start (BS) and read/write (RD/WR) signals can be output.
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A block diagram of the bus controller is shown in figure 6.1.

CPU address bus
DMAG address bus [ :ggﬁif Areadecoder | »TS71t0CSO
DTC address bus C——
A
Internal bus
Internal bus control unit — External bus
control signals C — External bus > control signals
control unit
CPU bus mastership acknowledge signal ~+—] <—— WAIT
DTC bus mastership acknowledge signal <——{ | 1000
DMAC bus mastership acknowledge signal €+— ;g
CPU bus mastership request signal—> arbiter _
DTC bus mastership request signal— < l«<—— BREQ
DMAC bus mastership request signal— EXte"Sft" bus » BACK
arbiter o
— BREQO
Control register
Internal data bus ¢ | ABWCR | | IDLCR |
| ASTCR | | BCR1 |
| WTCRA | | BCR2 [ENDIANCR]
| WTCRB | | SRAMCR |
| RDNCR | | BROMCR |
[ CSACR | 1 MPXCR |
[Legend]
ABWCR: Bus width control register IDLCR: Idle control register
ASTCR: Access state control register BCR1: Bus control register 1
WTCRA: Wait control register A BCR2: Bus control register 2
WTCRB: Wait control register B ENDIANCR: Endian control register
RDNCR: Read strobe timing control register SRAMCR: SRAM mode control register
CSACR: CS assertion period control register BROMCR: Burst ROM interface control register
MPXCR: Address/data multiplexed I/O control register

Figure6.1 Block Diagram of Bus Controller
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6.2 Register Descriptions
The bus controller has the following registers.

e Bus width control register (ABWCR)

e Access state control register (ASTCR)

e Wait control register A (WTCRA)

e Wait control register B (WTCRB)

e Read strobe timing control register (RDNCR)

e CS assertion period control register (CSACR)

e Idle control register IDLCR)

e Bus control register 1 (BCR1)

e Bus control register 2 (BCR2)

e Endian control register (ENDIANCR)

¢ SRAM mode control register (SRAMCR)

e Burst ROM interface control register (BROMCR)
e Address/data multiplexed I/O control register (MPXCR)
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6.2.1 BusWidth Control Register (ABWCR)

ABWCR specifies the data bus width for each area in the external address space.

Bit 15 14 13 12 11 10 9 8

Bit Name ABWH7 ABWH6 ABWH5 ABWH4 ABWH3 ABWH2 ABWH1 ABWHO
Initial Value 1 1 1 1 1 1 1 1/0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name ABWL7 ABWL6 ABWL5 ABWL4 ABWL3 ABWL2 ABWLA1 ABWLO
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

Initial
Bit Bit Name Value*' R/W Description

15 ABWH7 1 R/W Area 7 to 0 Bus Width Control

14 ABWH6 1 R/W These bits select whether the corresponding area is to be
13 ABWH5 1 R/Ww  designated as 8-bit access space or 16-bit access space.
12 ABWH4 1 R/W ABWHn ABWLn (n=71t00)

11 ABWHS3 1 R/W x 0: Setting prohibited

10 ABWH2 1 R/W 0 1: Area n is designated as 16-bit access
X ABWHT 1 AW 1 1: Zpace is designated as 8-bit

8 ABWLO 10 R/W : ! gz@en* 2|s esignated as 8-bit access
7 ABWL7 1 R/W

6 ABWL6 1 R/W

5 ABWL5 1 R/W

4 ABWL4 1 R/W

3 ABWL3 1 R/W

2 ABWL2 1 R/W

1 ABWL1 1 R/W

0 ABWLO 1 R/W

[Legend]

x: Don't care

Notes: 1. Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

2. An address space specified as byte control SRAM interface must not be specified as 8-
bit access space.
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6.2.2 Access State Control Register (ASTCR)

ASTCR designates each area in the external address space as either 2-state access space or 3-state
access space and enables/disables wait cycle insertion.

Bit 15 14 13 12 11 10 9 8
Bit Name AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W

Initial

Bit Bit Name Value R/W Description

15 AST7 1 R/W Area 7 to 0 Access State Control

14 AST6 1 R/W These bits select whether the corresponding area is to be

13 AST5 1 R/W designateq as 2-st.ate access space or 3-sltate access
space. Wait cycle insertion is enabled or disabled at the

12 AST4 1 R/W same time.

11 AST3 1 R/W 0: Area n is designated as 2-state access space

10 AST2 1 R/W Wait cycle insertion in area n access is disabled

9 AST1 1 R/W 1: Area n is designated as 3-state access space

8 ASTO 1 R/W Wait cycle insertion in area n access is enabled
(n=71t00)

7t00 — All O R Reserved

These are read-only bits and cannot be modified.
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623  Wait Control RegistersA and B (WTCRA, WTCRB)

WTCRA and WTCRB select the number of program wait cycles for each area in the external

address space.

e WTCRA
Bit 15 14 13 12 11 10 9 8
Bit Name — W72 W71 W70 — W62 W61 W60
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — W52 W51 W50 — W42 W41 W40
Initial Value 0 1 1 1 1 1 1
R/W R R/W R/W R/W R/W R/W R/W
e WTCRB
Bit 15 14 13 12 11 10 9 8
Bit Name — W32 W31 W30 — W22 W21 W20
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — W12 W11 W10 — Wo02 W01 WO00
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
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e WTCRA
Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This is a read-only bit and cannot be modified.
14 W72 1 R/W Area 7 Wait Control 2 to 0
13 W71 1 R/W These bits select the number of program wait cycles
12 W70 1 R/W when accessing area 7 while bit AST7 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 W62 1 R/W Area 6 Wait Control 2 to 0
W61 1 R/W These bits select the number of program wait cycles
W60 1 R/W when accessing area 6 while bit AST6 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name Value R/W Description
W52 1 R/W Area 5 Wait Control 2 to 0
W51 1 R/W These bits select the number of program wait cycles
W50 1 R/W when accessing area 5 while bit AST5 in ASTCR is 1.
000: Program cycle wait not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
3 — 0 R Reserved
This is a read-only bit and cannot be modified.
2 W42 1 R/W Area 4 Wait Control 2 to 0
W41 1 R/W These bits select the number of program wait cycles
0 W40 1 R/W when accessing area 4 while bit AST4 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
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e WTCRB
Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This is a read-only bit and cannot be modified.
14 W32 1 R/W Area 3 Wait Control 2 to 0
13 W31 1 R/W These bits select the number of program wait cycles
12 W30 1 R/W when accessing area 3 while bit AST3 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 w22 1 R/W Area 2 Wait Control 2 to 0
w21 1 R/W These bits select the number of program wait cycles
W20 1 R/W when accessing area 2 while bit AST2 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name Value R/W Description
W12 1 R/W Area 1 Wait Control 2 to 0
W11 1 R/W These bits select the number of program wait cycles
W10 1 R/W when accessing area 1 while bit AST1 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
3 — 0 R Reserved
This is a read-only bit and cannot be modified.
2 wo2 1 R/W Area 0 Wait Control 2 to 0
WOo1 1 R/W These bits select the number of program wait cycles
0 W00 1 R/W when accessing area 0 while bit ASTO in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
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6.24 Read Strobe Timing Control Register (RDNCR)

RDNCR selects the negation timing of the read strobe signal (RD) when reading the external
address spaces specified as a basic bus interface or the address/data multiplexed I/O interface.

Bit 15 14 13 12 11 10 9 8
Bit Name | RDN7 RDN6 RDN5 RDN4 RDN3 RDN2 RDN1 RDNO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W RIW R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W
Initial

Bit Bit Name Value R/W Description
15 RDN7 0 R/W Read Strobe Timing Control
14 RDN®6 0 R/W These bits set the negation timing of the read strobe in a
13 RDN5 0 R/W corresponding area read access.
12 RDN4 0 R/W As shown in figure 6.2, the read strobe for an area for

which the RDNn bit is set to 1 is negated one half-cycle
1 RDN3 0 R/W earlier than that for an area for which the RDNn bit is
10 RDN2 0 R/W cleared to 0. The read data setup and hold time are also
9 RDN1 0 RIW given one half-cycle earlier.
8 RDNO 0 R/W 0: In an area n read access, the RD signal is negated at

the end of the read cycle
1: In an area n read access, the RD signal is negated one
half-cycle before the end of the read cycle

(n=71t00)

7t00 — All O R Reserved

These are read-only bits and cannot be modified.

Notes: 1. In an external address space which is specified as byte control SRAM interface, the
RDNCR setting is ignored and the same operation when RDNn = 1 is performed.
2. In an external address space which is specified as burst ROM interface, the RDNCR
setting is ignored and the same operation when RDNn = 0 is performed.
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L | Bus cycle ! o
EA Ty J‘ Ty J‘ T3 J
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(n=7100)

Figure6.2 Read Strobe Negation Timing (Example of 3-State Access Space)

6.2.5 CS Assertion Period Control Registers (CSACR)

CSACR selects whether or not the assertion periods of the chip select signals (CSn) and address
signals for the basic bus, byte-control SRAM, burst ROM, and address/data multiplexed I/O
interface are to be extended. Extending the assertion period of the CSn and address signals allows
the setup time and hold time of read strobe (@) and write strobe (LHWR/LLWR) to be assured
and to make the write data setup time and hold time for the write strobe become flexible.

Bit 15 14 13 12 11 10 9 8
BitName | CSXH7 CSXH6 csxHs | csxa | csxHa [ csxrz | csxui [ csxwo
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
BitName | CSXT7 CSXT6 CSXT5 CSXT4 CSXT3 CSXT2 CSXT1 CSXTO
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
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Initial
Bit Bit Name Value R/W Description
15 CSXH7 0 R/W  CS and Address Signal Assertion Period Control 1
14 CSXH6 0 R/W These bits specify whether or not the Th cycle is to be
13 CSXH5 0 R/W inserted (see figure 6.3). When an area for which bit
CSXHn is set to 1 is accessed, one Th cycle, in which the
12 CSXH4 0 R/W CSn and address signals are asserted, is inserted before
11 CSXH3 0 R/W the normal access cycle.
10 CSXH2 0 R/W 0: In access to area n, the CSn and address assertion
9 CSXH1 0 R/W period (Th) is not extended
8 CSXHO 0 R/W 1: In access to area n, the CSn and address assertion
period (Th) is extended
(n=7100)
7 CSXT7 0 R/W  CS and Address Signal Assertion Period Control 2
6 CSXT6 0 R/W These bits specify whether or not the Tt cycle is to be
5 CSXT5 0 R/W inserted (see figure 6.3). When an area for which bit
CSXTn is set to 1 is accessed, one Tt cycle, in which the
4 CSXT4 0 R/W CSn and address signals are retained, is inserted after
3 CSXT3 0 R/W the normal access cycle.
2 CSXT2 0 R/W 0: In access to area n, the CSn and address assertion
1 CSXT1 0 R/W period (Tt) is not extended
0 CSXTO 0 R/W 1: In access to area n, the CSn and address assertion
period (Tt) is extended
(n=7100)
Note: In burst ROM interface, the CSXTn settings are ignored.
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Figure6.3 CS and Address Assertion Period Extension
(Example of Basic Bus|Interface, 3-State Access Space, and RDNn = 0)
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6.2.6 Idle Control Register (IDLCR)

IDLCR specifies the idle cycle insertion conditions and the number of idle cycles.

Bit 15 14 13 12 11 10 9 8

Bit Name IDLS3 IDLS2 IDLST IDLSO IDLCBH IDLCBO IDLCA1 IDLCAO

Initial Value 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0

Bit Name | IDLSEL7 | IDLSEL6 | IDLSEL5 | IDLSEL4 | IDLSEL3 | IDLSEL2 | IDLSEL1 IDLSELO

Initial Value 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial

Bit Bit Name Value R/W Description

15 IDLS3 1 R/W Idle Cycle Insertion 3

Inserts an idle cycle between the bus cycles when the
DMAC single address transfer (write cycle) is followed by
external access.

0: No idle cycle is inserted

1: An idle cycle is inserted

14 IDLS2 1 R/W Idle Cycle Insertion 2

Inserts an idle cycle between the bus cycles when the
external write cycle is followed by external read cycle.

0: No idle cycle is inserted
1: An idle cycle is inserted

13 IDLSH 1 R/W Idle Cycle Insertion 1

Inserts an idle cycle between the bus cycles when the
external read cycles of different areas continue.

0: No idle cycle is inserted
1: An idle cycle is inserted

12 IDLSO 1 R/W Idle Cycle Insertion 0

Inserts an idle cycle between the bus cycles when the
external read cycle is followed by external write cycle.

0: No idle cycle is inserted
1: An idle cycle is inserted
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Initial
Bit Bit Name Value R/W Description
11 IDLCB1 1 R/W Idle Cycle State Number Select B
10 IDLCBO 1 R/W Specifies the number of idle cycles to be inserted for the
idle condition specified by IDLS1 and IDLSO.
00: No idle cycle is inserted
01: 2 idle cycles are inserted
00: 3 idle cycles are inserted
01: 4 idle cycles are inserted
IDLCA1 1 R/W Idle Cycle State Number Select A
IDLCAO 1 R/W Specifies the number of idle cycles to be inserted for the
idle condition specified by IDLS3 to IDLSO.
00: 1 idle cycle is inserted
01: 2 idle cycles are inserted
10: 3 idle cycles are inserted
11: 4 idle cycles are inserted
7 IDLSEL7 O R/W Idle Cycle Number Select
6 IDLSEL6 0 R/W Specifies the number of idle cycles to be inserted for
5 IDLSEL5 0 R/W each area for the idle insertion condition specified by
IDLS1 and IDLSO.
4 IDLSEL4 O R/W . . .
0: Number of idle cycles to be inserted for area n is
3 IDLSEL3 0 R/W specified by IDLCA1 and IDLCAO.
2 IDLSEL2 0 R/W 1: Number of idle cycles to be inserted for area n is
1 IDLSEL1 0 R/W specified by IDLCB1 and IDLCBO.
0 IDLSELO O R/W (n=71t00)
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6.2.7 Bus Control Register 1 (BCR1)

BCRI is used for selection of the external bus released state protocol, enabling/disabling of the
write data buffer function, and enabling/disabling of the WAIT pin input.

Bit 15 14 13 12 11 10 9 8
Bit Name | BRLE BREQOE — — — — WDBE WAITE
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DKC — — — — — _ _
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R R
Initial

Bit Bit Name Value R/W Description
15 BRLE 0 R/W External Bus Release Enable

Enables/disables external bus release.

0: External bus release disabled

BREQ, BACK, and BREQO pins can be used as I/O
ports

1: External bus release enabled*

To set this bit to 1, the ICR bit of the corresponding pin

should be specified to 1. For details, see section 9, I/O

Ports.
14 BREQOE 0 R/W BREQO Pin Enable

Controls outputting the bus request signal (BREQO) to
the external bus master in the external bus released state
when an internal bus master performs an external
address space access.

0: BREQO output disabled
BREQO pin can be used as I/O port
1: BREQO output enabled

13,12 — AllO

Reserved
These are read-only bits and cannot be modified.
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Bit Bit Name

Initial
Value

R/W

Description

11,10 —

AllO

R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

9 WDBE

R/W

Write Data Buffer Enable

The write data buffer function can be used for an external
write cycle and a DMAC single address transfer cycle.

Note that a set value change may not be reflected to the
external access immediately after the change.

0: Write data buffer function not used
1: Write data buffer function used

8 WAITE

R/W

WAIT Pin Enable
Selects enabling/disabling of wait input by the WAIT pin.
0: Wait input by WAIT pin disabled
WAIT pin can be used as I/O port
1: Wait input by WAIT pin enabled

To set this bit to 1, the ICR bit of the corresponding pin
should be specified to 1. For details, see section 9, 1/0
Ports.

7 DKC

R/W

DACK Control

Selects the timing of DMAC transfer acknowledge signal
assertion.

0: DACK signal is asserted at the B¢ falling edge
1: DACK signal is asserted at the B¢ rising edge

R/W

Reserved

This bit is always read as 0. The write value should
always be 0.

5to0 —

AllO

Reserved
These are read-only bits and cannot be modified.
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6.2.8

Bus Control Register 2 (BCR2)

BCR2 is used for bus arbitration control of the CPU, DMAC, and DTC, and enabling/disabling of
the write data buffer function to the peripheral modules.

Bit 7 6 4 3 2 1 0
Bit Name — — — IBCCS — — — PWDBE
Initial Value 0 0 0 0 0 1 0
R/W R/W R/W R R R/W R/W
Initial
Bit Bit Name Value R/W Description
7,6 — All O R Reserved
These are read-only bits and cannot be modified.
5 — 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
4 IBCCS 0 R/W Internal Bus Cycle Control Select
Selects the internal bus arbiter function.
0: Releases the bus mastership according to the priority
1: Executes the bus cycles alternatively when a CPU bus
mastership request conflicts with a DMAC or DTC bus
mastership request
3,2 — All O R Reserved
These are read-only bits and cannot be modified.
1 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
0 PWDBE 0 R/W Peripheral Module Write Data Buffer Enable

Specifies whether or not to use the write data buffer
function for the peripheral module write cycles.

0: Write data buffer function not used

1: Write data buffer function used
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6.2.9 Endian Control Register (ENDIANCR)

ENDIANCR selects the endian format for each area of the external address space. Though the data
format of this LSI is big endian, data can be transferred in the little endian format during external
address space access.

Note that the data format for the areas used as a program area or a stack area should be big endian.

Bit 7 6 5 4 3 2 1 0
BitName [ 7 [ e | 1es | 14 [ s [ 2 | — | — |
Initial Value 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW

Initial

Bit Bit Name Value R/W Description

7 LE7 0 R/W Little Endian Select

6 LE6 0 R/W Selects the endian for the corresponding area.

5 LE5 0 R/W 0: Data format of area n is specified as big endian
4 LE4 0 R/W 1: Data format of area n is specified as little endian
3 LE3 0 R/W (n=71t02)

2 LE2 0 R/W

1,0 — All O R Reserved

These are read-only bits and cannot be modified.
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6.210 SRAM Mode Control Register (SRAMCR)

SRAMCR specifies the bus interface of each area in the external address space as a basic bus
interface or a byte control SRAM interface.

In areas specified as 8-bit access space by ABWCR, the SRAMCR setting is ignored and the byte
control SRAM interface cannot be specified.

Bit 15 14 13 12 11 10 9 8
Bit Name BCSEL7 BCSEL6 BCSEL5 BCSEL4 BCSEL3 BCSEL2 BCSEL1 BCSELO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W

Initial

Bit Bit Name Value R/W Description

15 BCSEL7 R/W Byte Control SRAM Interface Select
14 BCSEL6 R/W Selects the bus interface for the corresponding area.

13 BCSEL5 R/W When setting the area n bit to 1, the bus interface
12 BCSEL4 R/W selection bits for the corresponding area in BROMCR and
MPXCR should be cleared to 0.

O O O O O O o o

11 BCSEL3 R/W . . .
0: Area n is basic bus interface
10 BCSEL2 R/W
1: Area n is byte control SRAM interface
9 BCSELA1 R/W
(n=71t00)
8 BCSELO R/W
7t00 — AllO R Reserved

These are read-only bits and cannot be modified.
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6.2.11

Burst ROM Interface Control Register (BROMCR)

BROMCR specifies the burst ROM interface.

Bit 15 14 13 12 11 10 9 8
Bit Name BSRMO BSTS02 BSTSO1 BSTS00 — — BSWDO1 | BSWDO0O
Initial Value 0 0 0 0 0 0 0
R/W R/W R/IW R/W R/W R R R/W R/W
Bit 7 6 4 3 2 1 0
Bit Name BSRM1 BSTS12 BSTS11 BSTS10 — — BSWD11 | BSWD10
Initial Value 0 0 0 0 0
R/W R/W RIW R/W R/W R R R/W R/W
Initial
Bit Bit Name Value R/W Description
15 BSRMO 0 R/W Area 0 Burst ROM Interface Select
Selects the area 0 bus interface. When setting this bit to
1, clear the BCSELDO bit in SRAMCR to 0.
0: Basic bus interface or byte control SRAM interface
1: Burst ROM interface
14 BSTS02 0 R/W Area 0 Burst Cycle Select
13 BSTS01 0 R/W Specifies the number of burst cycles of area 0
12 BSTS00 O R/W 000: 1 cycle
001: 2 cycles
010: 3 cycles
011: 4 cycles
100: 5 cycles
101: 6 cycles
110: 7 cycles
111: 8 cycles
11,10 — All O R Reserved

These are read-only bits and cannot be modified.
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Initial
Bit Bit Name Value R/W Description
9 BSWD0O1 0 R/W Area 0 Burst Word Number Select
8 BSWD0O0O O R/W Selects the number of words in burst access to the area 0

burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)

7 BSRM1 0 R/W Area 1 Burst ROM Interface Select

Selects the area 1 bus interface. When setting this bit to
1, clear the BCSEL1 bit in SRAMCR to 0.

0: Basic bus interface or byte control SRAM interface
1: Burst ROM interface

BSTS12 0 R/W Area 1 Burst Cycle Select
BSTS11 0 R/W Specifies the number of cycles of area 1 burst cycle
4 BSTS10 0 R/W 000: 1 cycle
001: 2 cycles
010: 3 cycles
011: 4 cycles
100: 5 cycles
101: 6 cycles
110: 7 cycles
111: 8 cycles

3,2 — All O R Reserved
These are read-only bits and cannot be modified.

1 BSWD11 0 R/W Area 1 Burst Word Number Select

0 BSWD10 O R/W Selects the number of words in burst access to the area 1
burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)
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6.2.12

Address/Data Multiplexed 1/0O Control Register (MPXCR)

MPXCR specifies the address/data multiplexed I/O interface.

Bit 15 14 13 12 1 10 9 8
Bit Name MPXE7 MPXE6 MPXE5 MPXE4 MPXE3 — — —
Initial Value 0 0 0 0 0 0
R/W R/W RIW R/W R/W R/W
Bit 7 6 4 3 2 1 0
Bit Name — — — — — — — ADDEX
Initial Value 0 0 0 0 0 0 0
R/W R R/W
Initial
Bit Bit Name Value R/W Description
15 MPXE7 0 R/W Address/Data Multiplexed 1/O Interface Select
14 MPXE6 0 R/W Specifies the bus interface for the corresponding area.
13 MPXE5 0 R/W When setting the area n bit to 1, clear the BCSELn bit in
12 MPXE4 0 rw  SRAMCR100.
11 MPXE3 0 R/W 0: Area n is specified as a basic interface or a byte
control SRAM interface.
1: Area n is specified as an address/data multiplexed /O
interface

(n=7103)
10to1 — AllO R Reserved

These are read-only bits and cannot be modified.
0 ADDEX 0 R/W Address Output Cycle Extension

Specifies whether a wait cycle is inserted for the address
output cycle of address/data multiplexed I/O interface.

0: No wait cycle is inserted for the address output cycle
1: One wait cycle is inserted for the address output cycle
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6.3 Bus Configuration

Figure 6.4 shows the internal bus configuration of this LSI. The internal bus of this LSI consists of
the following three types.

e Internal system bus

A bus that connects the CPU, DTC, DMAC, on-chip RAM, internal peripheral bus, and
external access bus.

e Internal peripheral bus

A bus that accesses registers in the bus controller, interrupt controller, and DMAC, and
registers of peripheral modules such as SCI and timer.

e External access cycle
A bus that accesses external devices via the external bus interface.

lo

synchronization

[ cru | [ orc | [ ORsie |

Internal system bus >

Bus controller,
interrupt controller,

power-down controller |_DMAC

Write data Write data

buffer T

\—> .' "1 buffer
[ D ]
Internal peripheral bus External access bus,

Po

synchronization

Bo

synchronization

External bus
interface

Peripheral
functions

Figure6.4 Internal Bus Configuration
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6.4 Multi-Clock Function and Number of Access Cycles

The internal functions of this LSI operate synchronously with the system clock (I¢), the peripheral
module clock (P¢), or the external bus clock (B¢). Table 6.1 shows the synchronization clock and
their corresponding functions.

Table6.1 Synchronization Clocksand Their Corresponding Functions

Synchronization Clock Function Name

) MCU operating mode
Interrupt controller
Bus controller
CPU
DMAC
DTC
Internal memory
Clock pulse generator
Power down control

Pd 1/0O ports
TPU
PPG
TMR
WDT
SCI
A/D
D/A

Bd External bus interface

The frequency of each synchronization clock (I, P, and Bo) is specified by the system clock
control register (SCKCR) independently. For further details, see section 18, Clock Pulse
Generator.

There will be cases when P¢ and B¢ are equal to I$p and when P and B¢ are different from I¢
according to the SCKCR specifications. In any case, access cycles for internal peripheral functions
and external space is performed synchronously with P$ and B¢, respectively.

For example, in an external address access where the frequency rate of I¢p and B isn : 1, the
operation is performed in synchronization with B¢. In this case, external 2-state access space is 2n
cycles and external 3-state access space is 3n cycles (no wait cycles is inserted) if the number of
access cycles is counted based on I¢.

Rev.2.00 Jun. 28, 2007 Page 149 of 784
RENESAS REJ09B248-0200



Section 6 Bus Controller (BSC)

If the frequencies of I, Pdp and B¢ are different, the start of bus cycle may not synchronize with
P¢ or B according to the bus cycle initiation timing. In this case, clock synchronization cycle
(Tsy) is inserted at the beginning of each bus cycle.

For example, if an external address access occurs when the frequency rate of I¢p and B¢ is
n: 1,0 to n-1 cycles of Tsy may be inserted. If an internal peripheral module access occurs when
the frequency rate of I and Pd is m : 1, 0 to m-1 cycles of Tsy may be inserted.

Figure 6.5 shows the external 2-state access timing when the frequency rate of I and By is 4 : 1.
Figure 6.6 shows the external 3-state access timing when the frequency rate of I¢p and By is 2 : 1.
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Figure6.5 System Clock: External Bus Clock
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Figure6.6 System Clock: External Bus Clock
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6.5 External Bus

6.5.1 I nput/Output Pins

Table 6.2 shows the pin configuration of the bus controller and table 6.3 shows the pin functions

on each interface.

Table6.2 Pin Configuration

Name Symbol I/O

Function

Bus cycle start BS Output

Signal indicating that the bus cycle has
started

Address strobe/address hold ~ AS/AH Output

e Strobe signal indicating that the basic
bus, byte control SRAM, or burst ROM
space is accessed and address output
on address bus is enabled

¢ Signal to hold the address during
access to the address/data multiplexed
I/O interface

Read strobe RD Output  Strobe signal indicating that the basic bus,
byte control SRAM, burst ROM, or
address/data multiplexed I/O space is
being read

Read/write RD/WR  Output e Signal indicating the input or output

direction

o Write enable signal of the SRAM during
access to the byte control SRAM space

Low-high write/lower-upper LHWR/LUB Output
byte select

e Strobe signal indicating that the basic
bus, burst ROM, or address/data
multiplexed 1/O space is written to, and
the upper byte (D15 to D8) of data bus
is enabled

e Strobe signal indicating that the byte
control SRAM space is accessed, and
the upper byte (D15 to D8) of data bus
is enabled

Rev.2.00 Jun. 28, 2007 Page 153 of 784

RENESAS REJ09B248-0200



Section 6 Bus Controller (BSC)

Name Symbol I/O Function

Low-low write/lower-lower byte  LLWR/LLB Output e Strobe signal indicating that the basic
select bus, burst ROM, or address/data
multiplexed 1/O space is written to, and
the lower byte (D7 to DO) of data bus is
enabled
o Strobe signal indicating that the byte
control SRAM space is accessed, and
the lower byte (D7 to DO) of data bus is

enabled

Chip select 0 CSo Output  Strobe signal indicating that area 0 is
selected

Chip select 1 CS1 Output  Strobe signal indicating that area 1 is
selected

Chip select 2 CSs2 Output  Strobe signal indicating that area 2 is
selected

Chip select 3 CS3 Output  Strobe signal indicating that area 3 is
selected

Chip select 4 CS4 Output  Strobe signal indicating that area 4 is
selected

Chip select 5 CS5 Output  Strobe signal indicating that area 5 is
selected

Chip select 6 CS6 Output  Strobe signal indicating that area 6 is
selected

Chip select 7 CSs7 Output  Strobe signal indicating that area 7 is
selected

Wait WAIT Input Wait request signal when accessing

external address space.

Bus request BREQ Input Request signal for release of bus to
external bus master

Bus request acknowledge BACK Output  Acknowledge signal indicating that bus has
been released to external bus master

Bus request output BREQO Output  External bus request signal used when
internal bus master accesses external
address space in the external-bus released

state
Data transfer acknowledge 3  DACKS3 Output  Data transfer acknowledge signal for
(DMAC_3) DMAC_3 single address transfer
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Name Symbol I/O Function

Data transfer acknowledge 2 ~ DACK2 Output  Data transfer acknowledge signal for
(DMAC_2) DMAC_2 single address transfer
Data transfer acknowledge 1 DACK1 Output  Data transfer acknowledge signal for
(DMAC_1) DMAC_1 single address transfer
Data transfer acknowledge 0  DACKO Output  Data transfer acknowledge signal for
(DMAC_0) DMAC_0 single address transfer
External bus clock Bo Output  External bus clock

Table6.3 Pin Functionsin Each Interface

Byte Address/Data
Control Burst Multiplexed
Initial State Basic Bus SRAM ROM 110
Single-

Pin Name 16 8 Chip 16 8 16 16 8 16 8 Remarks
B¢ Output Output — (0] (0] (0] (0] O (0] O
CSo Output Output — o 0 o o o — —
CS1 — — — o} o o} o O — —
Cs2 — — — o o o —_ = — —
CS3 — — — O o o} — — O o
CS4 — — — o o o — — 0 o
CS5 — — — o (o} o — — 0 o
CS6 — — — o o o — — 0 o
Cs7 — — — o o o — — 0 o
BS — — — o} o o} o O o o
RD/WR — — — o o o o o o o
AS Output Output — o 0 o o o — —
AH — — — —- - = — — O o
RD Output Output — o 0 o O O o 0
LHWR/LUB Output Output — o] — 0 o — © —
LLWR/LLB Output Output — o 0 o 0 0 0 0
WAIT — — — o] 0 o] 0 0 o] 0 Controlled by

WAITE

[Legend]

O: Used as a bus control signal

—: Not used as a bus control signal (used as a port input when initialized)

RENESAS
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6.5.2 AreaDivision

The bus controller divides the 16-Mbyte address space into eight areas, and performs bus control
for the external address space in area units. Chip select signals (CSO to CS7) can be output for
each area.

Figure 6.7 shows an area division of the 16-Mbyte address space. For details on address map, see
section 3, MCU Operating Modes.

H'000000
Area 0
(2 Mbytes)
H1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
(8 Mbytes)
H'BFFFFF
H'C00000
Area 3
(2 Mbytes)
H'DFFFFF
H'E00000
Area 4
(1 Mbyte)
H'EFFFFF
H'FO0000
Area 5
(1 Mbyte — 8 kbytes)
H'FFDFFF
H'FFE000 Area 6
(8 kbytes — 256 bytes)
H'FFFEFF
H'FFFFO0 Area 7
H'FFFFFF (256 bytes)

16-Mbyte space

Figure6.7 Address Space Area Division
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6.5.3 Chip Select Signals

This LSI can output chip select signals (CSO to CS7) for areas 0 to 7. The signal outputs low when
the corresponding external address space area is accessed. Figure 6.8 shows an example of CSn (n
=0 to 7) signal output timing.

Enabling or disabling of CSn signal output is set by the port function control register (PFCR). For
details, see section 9.3, Port Function Controller.

In on- chip ROM disabled extended mode, pin CSO is placed in the output state after a reset. Pins
CS1 to CS7 are placed in the input state after a reset and so the corresponding PFCR bits should
be set to 1 when outputting signals CS1 to CS7.

In on-chip ROM enabled extended mode, pins CSO to CS7 are all placed in the input state after a
reset and so the corresponding PFCR bits should be set to 1 when outputting signals CSO to CS7.

The PFCR can specify multlple CS outputs for a pin. If multiple CSn outputs are specified for a
single pin by the PECR, CS to be output are generated by m1X1ng all the CS signals. In this case,
the settings for the external bus interface areas in which the CSn signals are output to a single pin
should be the same.

Figure 6.9 shows the signal output timing when the CS signals to be output to areas 5 and 6 are
output to the same pin.

e Bus cycle -
: T T, Ts ,
B L L] |
Address bus X External address of area n X
= PR —_—

Figure6.8 CSn Signal Output Timing (n =0to7)
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Area 5 access Area 6 access

9]
2]
al

9]
(92
[

QOutput waveform

Address bus X Area 5 access Area 6 access

Figure6.9 Timing When CS Signal is Output to the Same Pin

6.5.4 External BusInterface

The type of the external bus interfaces, bus width, endian format, number of access cycles, and
strobe assert/negate timings can be set for each area in the external address space. The bus width
and the number of access cycles for both on-chip memory and internal I/O registers are fixed, and
are not affected by the external bus settings.

(1) Typeof External BusInterface

Four types of external bus interfaces are provided and can be selected in area units. Table 6.4
shows each interface name, description, and area name to be set for each interface. Table 6.5
shows the areas that can be specified for each interface. The initial state of each area is a basic bus
interface.

Table6.4 Interface Namesand Area Names

Interface Description Area Name
Basic interface Directly connected to ROM and  Basic bus space
RAM
Byte control SRAM interface Directly connected to byte Byte control SRAM space
SRAM with byte control pin
Burst ROM interface Directly connected to the ROM  Burst ROM space
that allows page access
Address/data multiplexed 1/0O Directly connected to the Address/data multiplexed 1/0
interface peripheral LSI that requires space

address and data multiplexing
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Table6.5 Areas Specifiablefor Each Interface

Related Areas
Interface Registers 0 1 2 3 4 5 6 7
Basic interface SRAMCR (0] (0] (0] o o o (0] (0]
Byte control SRAM interface @) @) (0] (0] (0] (0] @) (0]
Burst ROM interface BROMCR 0] 0] _ = = = = —
Address/data multiplexed /O MPXCR — — — 0 (0] (0] O O
interface

(2) BusWidth

A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit bus is
selected functions as an 8-bit access space and an area for which a 16-bit bus is selected functions
as a 16-bit access space. In addition, the bus width of address/data multiplexed I/O space is 8 bits
or 16 bits, and the bus width for the byte control SRAM space is 16 bits.

The initial state of the bus width is specified by the operating mode.

If all areas are designated as 8-bit access space, 8-bit bus mode is set; if any area is designated as
16-bit access space, 16-bit bus mode is set.

(3) Endian Format

Though the endian format of this LSI is big endian, data can be converted into little endian format
when reading or writing to the external address space.

Areas 7 to 2 can be specified as either big endian or little endian format by the LE7 to LE2 bits in
ENDIANCR.

The initial state of each area is the big endian format.

Note that the data format for the areas used as a program area or a stack area should be big endian.
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“)
1.

Number of Access Cycles

Basic Bus Interface

The number of access cycles in the basic bus interface can be specified as two or three cycles
by the ASTCR. An area specified as 2-state access is specified as 2-state access space; an area
specified as 3-state access is specified as 3-state access space.

For the 2-state access space, a wait cycle insertion is disabled. For the 3-state access space, a
program wait (0 to 7 cycles) specified by WTCRA and WTCRB or an external wait by WAIT
can be inserted.

In addition, CSACR can extend the assert periods of the chip select signal and address signal.

Number of access cycles in the basic bus interface

= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

Byte Control SRAM Interface

The number of access cycles in the byte control SRAM interface is the same as that in the
basic bus interface.

Number of access cycles in byte control SRAM interface

= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

Burst ROM Interface

The number of access cycles at full access in the burst ROM interface is the same as that in the
basic bus interface. The number of access cycles in the burst access can be specified as one to
eight cycles by the BSTS bit in BROMCR.

Number of access cycles in the burst ROM interface
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1)
[+number of external wait cycles by the WAIT pin]
+ number of burst access cycles (1 to 8) x number of burst accesses (0 to 63)
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4. Address/data multiplexed I/O interface
The number of access cycles in data cycle of the address/data multiplexed I/O interface is the

same as that in the basic bus interface. The number of access cycles in address cycle can be
specified as two or three cycles by the ADDEX bit in MPXCR.

Number of access cycles in the address/data multiplexed I/O interface

= number of address output cycles (2, 3) + number of data output cycles (2, 3)
+ number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+number of external wait cycles by the WAIT pin]

Table 6.6 lists the number of access cycles for each interface.

Table6.6 Number of Access Cycles

Basic bus interface = Th +T1 +T2 +Tt
[0,1] (1] (1 [0,1] [2t04]
LT IS EIRG PR S TR I STt T T TTTT et
[0,1] 1] M1 0to7] [n] 1 [0,1] [Bto12+n]
Byte control SRAM interface = Th +T1 +T2 +Tt
[0,1] [1] 1 [0,1] [2to 4]
B R IS R PR o TR L
[0.1] 1] ] 0to7] [n] ] [0,1] [Bto12+n]
Burst ROM interface = Th +T1 +T2 +Tb
[0.1] [1] M [(1t08) xm] [(2103) + (110 8) xm]
LT T B I G o e I
[0,1] 1] 1] oto7] [n] 1] [(1to8)xm]  [(Bto11+n)+(1to8)xm]
Address/data multiplexed /O =Tma +Th +T1 +T2 +Tt
interface [2,3] [0,1] 1] ] [0,1] [4t07]
TTma W Th AT TR 2 T T iTpw  4Tw 418 F
[2,3] [0,1] [1] [1] 0to7] [n] 1] [0,1] [5t0 15 +n]
[Legend]
Numbers: Number of access cycles
n: Pin wait (0 to <)
m: Number of burst accesses (0 to 63)

(5) Strobe Assert/Negate Timings

The assert and negate timings of the strobe signals can be modified as well as number of access
cycles.

e Read strobe (RD) in the basic bus interface
o Chip select assertion period extension cycles in the basic bus interface
e Data transfer acknowledge (DACK3 to DACKO) output for DMAC single address transfers
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6.5.5 Area and External BusInterface
(1) AreaO

Area 0 includes on-chip ROM*. All of area 0 is used as external address space in on-chip ROM
disabled extended mode, and the space excluding on-chip ROM is external address space in on-
chip ROM enabled extended mode.

When area 0 external address space is accessed, the CS0 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or burst ROM interface can be
selected for area 0 by bit BSRMO in BROMCR and bit BCSELO in SRAMCR. Table 6.7 shows
the external interface of area 0.

Note: Applied to the LSI version that incorporates the ROM.

Table6.7 Area0 External Interface

Register Setting

Interface BSRMO of BROMCR BCSELO of SRAMCR
Basic bus interface 0 0
Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1

(2) Areal

In externally extended mode, all of area 1 is external address space. In on-chip ROM enabled
extended mode, the space excluding on-chip ROM¥* is external address space.

When area 1 external address space is accessed, the CS1 signal can be output.

Either of the basic bus interface, byte control SRAM, or burst ROM interface can be selected for
area 1 by bit BSRM1 in BROMCR and bit BCSEL1 in SRAMCR. Table 6.8 shows the external
interface of area 1.

Note: Applied to the LSI version that incorporates the ROM.
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Table6.8 Areal External Interface

Register Setting

Interface BSRM1 of BROMCR BCSEL1 of SRAMCR
Basic bus interface 0 0
Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1

(3) AreaZ2
In externally extended mode, all of area 2 is external address space.
When area 2 external address space is accessed, the CS2 signal can be output.

Either the basic bus interface or byte control SRAM interface can be selected for area 2 by bit
BCSEL2 in SRAMCR. Table 6.9 shows the external interface of area 2.

Table6.9 Area?2 External Interface

Register Setting

Interface BCSEL2 of SRAMCR
Basic bus interface 0

Byte control SRAM interface 1

4) Area3

In externally extended mode, all of area 3 is external address space.
When area 3 external address space is accessed, the CS3 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 3 by bit MPXE3 in MPXCR and bit BCSEL3 in SRAMCR.

Table 6.10 shows the external interface of area 3.
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Table6.10 Area3 External Interface

Register Setting

Interface MPXE3 of MPXCR BCSEL3 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

(5) Area4d

In externally extended mode, all of area 4 is external address space.
When area 4 external address space is accessed, the CS4 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 4 by bit MPXE4 in MPXCR and bit BCSEL4 in SRAMCR.
Table 6.11 shows the external interface of area 4.

Table6.11 Area4 External Interface

Register Setting

Interface MPXE4 of MPXCR BCSEL4 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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(6) Areab
Area 5 includes the on-chip RAM and access prohibited spaces. In external extended

mode, area 5, other than the on-chip RAM and access-prohibited spaces, is external address space.
Note that the on-chip RAM is enabled when the RAME bit in SYSCR are set to 1. If the RAME
bit in SYSCR is cleared to 0, the on-chip RAM is disabled and the corresponding addresses are an
external address space. For details, see section 3, MCU Operating Modes.

When area 5 external address space is accessed, the CS5 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 5 by the MPXES bit in MPXCR and the BCSELS bit in
SRAMCR. Table 6.12 shows the external interface of area 5.

Table6.12 Areab External Interface

Register Setting

Interface MPXES5 of MPXCR BCSELS5 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

(7) Areab

Area 6 includes internal I/O registers. In external extended mode, area 6 other than on-chip I/O

register area is external address space.
When area 6 external address space is accessed, the CS6 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 6 by the MPXEG6 bit in MPXCR and the BCSELG6 bit in
SRAMCR. Table 6.13 shows the external interface of area 6.
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Table6.13 Area6 External Interface

Register Setting

Interface MPXE6 of MPXCR BCSELG6 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

(8) Area7?

Area 7 includes internal I/O registers. In external extended mode, area 7 other than internal /O

register area is external address space.
When area 7 external address space is accessed, the CS7 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 7 by the MPXE7 bit in MPXCR and the BCSEL?7 bit in
SRAMCR. Table 6.14 shows the external interface of area 7.

Table6.14 Area7 External Interface

Register Setting

Interface MPXE7 of MPXCR BCSEL7 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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6.5.6

Endian and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and controls whether the upper byte data bus (D15 to DS8)
or lower data bus (D7 to DO) is used according to the bus specifications for the area being
accessed (8-bit access space or 16-bit access space), the data size, and endian format when
accessing external address space.

(1) 8-Bit Access Space

With the 8-bit access space, the lower byte data bus (D7 to DO) is always used for access. The
amount of data that can be accessed at one time is one byte: a word access is performed as two

byte accesses, and a longword access, as four byte accesses.

Figures 6.10 and 6.11 illustrate data alignment control for the 8-bit access space. Figure 6.10
shows the data alignment when the data endian format is specified as big endian. Figure 6.11
shows the data alignment when the data endian format is specified as little endian.

Strobe signal
| FWRIUE  LLWRIL
RD
L |
Data bus
Data Access Access | Bus

Size Address Count Cycle  Data Size ID1S___D8|D7 Doj
Byte n 1 1st Byte o o

1st Byt IREREE
Word . ) s vie CEREEESD

Longword n 4

4th Byte ZEEREER|
Figure6.10 Access Sizesand Data Alignment Control for 8-Bit Access Space (Big Endian)
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Strobe signal

LHWR/LUB | LLWR/LLB

RD
| |
Data Access Access Bus Data bus
Size Address Count Cycle  Data Size 115 D8|D7 DOJ
Byte n 1 1st Byte |7. T 'UI

Word n 2

Longword n 4

Figure6.11 Access Sizesand Data Alignment Control for 8-Bit Access Space
(Little Endian)

(2) 16-Bit Access Space

With the 16-bit access space, the upper byte data bus (D15 to D8) and lower byte data bus (D7 to
DO) are used for accesses. The amount of data that can be accessed at one time is one byte or one
word.

Figures 6.12 and 6.13 illustrate data alignment control for the 16-bit access space. Figure 6.12
shows the data alignment when the data endian format is specified as big endian. Figure 6.13
shows the data alignment when the data endian format is specified as little endian.

In big endian, byte access for an even address is performed by using the upper byte data bus and
byte access for an odd address is performed by using the lower byte data bus.

In little endian, byte access for an even address is performed by using the lower byte data bus, and
byte access for an odd address is performed by using the upper byte data bus.
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Strobe signal
LHWR/LUB | LLWR/LLB
RD
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EEEEEEED
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Figure6.12 Access Sizesand Data Alignment Control for 16-Bit Access Space (Big Endian)
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Figure6.13 Access Sizesand Data Alignment Control for 16-Bit Access Space

(Little Endian)
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6.6 Basic Bus Interface
The basic bus interface can be connected directly to the ROM and SRAM. The bus specifications
can be specified by the ABWCR, ASTCR, WTCRA, WTCRB, RDNCR, CSACR, and ENDINCR.

6.6.1 Data Bus

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and controls whether the upper byte data bus (D15 to DS8)
or lower byte data bus (D7 to DO) is used according to the bus specifications for the area being
accessed (8-bit access space or 16-bit access space), the data size, and endian format when
accessing external address space. For details, see section 6.5.6, Endian and Data Alignment.

6.6.2 I/0 Pins Used for Basic Bus I nterface
Table 6.15 shows the pins used for basic bus interface.

Table6.15 /O Pinsfor Basic Bus|Interface

Name Symbol 1/0 Function

Bus cycle start BS Output  Signal indicating that the bus cycle has started

Address strobe AS* Output  Strobe signal indicating that an address output on the
address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or output
direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte (D15 to

D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (D7 to
DO) is valid during write access

Chipselect0to7 CSOto CS7 Output Strobe signal indicating that the area is selected

Wait WAIT Input Wait request signal used when an external address
space is accessed

Note: * When the address/data multiplexed interface is selected, this pin only functions as the
AH output and does not function as the AS output.
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6.6.3 Basic Timing

This section describes the basic timing when the data is specified as big endian.
(1) 16-Bit 2-State Access Space

Figures 6.14 to 6.16 show the bus timing of 16-bit 2-state access space.

When accessing 16-bit access space, the upper byte data bus (D15 to D8) is used for even
addresses access, and the lower byte data bus (D7 to DO0) is used for odd addresses. No wait cycles
can be inserted.
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Figure6.14 16-Bit 2-State Access Space Bus Timing
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(2) 16-Bit 3-State Access Space
Figures 6.17 to 6.19 show the bus timing of 16-bit 3-state access space.

When accessing 16-bit access space, the upper byte data bus (D15 to D8) is used for even
addresses, and the lower byte data bus (D7 to DO) is used for odd addresses. Wait cycles can be
inserted.

Bus cycle

E T1 H T2 : TS E
e — L[ L [ L T
Address j ! . :X:
o ] E 5 —
s T I
(T L ' [
Read 4 D15 10 Dg— : {(Valid y—
| D7toDO E i i < Invalidl>—
- AR _'—I ' ,—-—

oW — T -

Write J E E High level E E
D15 to Dsi—( Valid )—

L D7toD0 — : — : ;

| L migh- ; |

BS | | ' '
rOMA . i X
DACK | : : |_

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.17 16-Bit 3-State Access Space Bus Timing
(Byte Accessfor Even Address)
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Figure6.18 16-Bit 3-State Access Space Bus Timing
(Word Access for Odd Address)
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6.6.4 Wait Control

This LSI can extend the bus cycle by inserting wait cycles (Tw) when the external address space is
accessed. There are two ways of inserting wait cycles: program wait (Tpw) insertion and pin wait
(Ttw) insertion using the WAIT pin.

(1) Program Wait Insertion

From 0 to 7 wait cycles can be inserted automatically between the T, state and T, state for 3-state
access space, according to the settings in WTCRA and WTCRB.

(2) Pin Wait Insertion

For 3-state access space, when the WAITE bit in BCRI is set to 1 and the ICR bit for the
corresponding pin is set to 1, wait input by means of the WAIT pin is enabled. When the external
address space is accessed in this state, a program wait (T,,,) is first inserted according to the
WTCRA and WTCRB settings. If the WAIT pin is low at the falling edge of B¢ in the last T2 or
Tpw cycle, another Ttw cycle is inserted until the WAIT pin is brought high. The pin wait
insertion is effective when the Tw cycles are inserted to seven cycles or more, or when the number
of Tw cycles to be inserted is changed according to the external devices. The WAITE bit is
common to all areas. For details on ICR, see section 9, I/O Ports.

Figure 6.20 shows an example of wait cycle insertion timing. After a reset, the 3-state access is
specified, the program wait is inserted for seven cycles, and the WAIT input is disabled.
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6.65  Read Strobe (RD) Timing

The read strobe timing can be modified in area units by setting bits RDN7 to RDNO in RDNCR
to 1.

Note that the RD timing with respect to the DACK rising edge will change if the read strobe
timing is modified by setting RDNn to 1 when the DMAC is used in the single address mode.

Figure 6.21 shows an example of timing when the read strobe timing is changed in the basic bus 3-
State access space.
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Figure6.21 Example of Read Strobe Timing
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6.6.6  Extension of Chip Select (CS) Assertion Period

Some external I/O devices require a setup time and hold time between address and CS signals and
strobe signals such as RD, LHWR, and LLWR.

Settings can be made in CSACR to insert cycles in which only the CS, AS, and address signals are
asserted before and after a basic bus space access cycle. Extension of the CS assertion period can
be set in area units. With the CS assertion extension period in write access, the data setup and hold
times are less stringent since the write data is output to the data bus.

Figure 6.22 shows an example of the timing when the CS assertion period is extended in basic bus
3-state access space.

Both extension cycle Th inserted before the basic bus cycle and extension cycle Tt inserted after
the basic bus cycle, or only one of these, can be specified for individual areas. Insertion or non-
insertion can be specified for the Th cycle with the upper eight bits (CSXH7 to CSXHO) in
CSACR, and for the Tt cycle with the lower eight bits (CSXT7 to CSXTO).
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6.6.7 DACK Signal Output Timing

For DMAC single address transfers, the DACK signal assert timing can be modified by using the
DKC bit in BCRI1.

Figure 6.23 shows the DACK signal output timing. Setting the DKC bit to 1 asserts the DACK
signal a half cycle earlier.

. Bus cycle
T, i T,

Al

Yy

Bo —

Address bus >< '

CSn

Read

Data bus

LHWR, LLWR

: { Read data )
—

Write

Data bus Write data >

RD/WR

DKC =0

DACK

5 1
X
_i

DKC =1

Notes: 1. n=7t0 0
2. RDNn=0

Figure6.23 DACK Signal Output Timing

Rev.2.00 Jun. 28, 2007 Page 184 of 784
REJ09B248-0200 RENESAS



Section 6 Bus Controller (BSC)

6.7 Byte Control SRAM Interface

The byte control SRAM interface is a memory interface for outputting a byte select strobe during
a read or a write bus cycle. This interface has 16-bit data input/output pins and can be connected to
the SRAM that has the upper byte select and the lower byte select strobes such as UB and LB.

The operation of the byte control SRAM interface is the same as the basic bus interface except
that: the byte select strobes (LUB and LLB) are output from the write strobe output pins (LHWR
and LLWR), respectively; the read strobe (RD) negation timing is a half cycle earlier than that in
the case where RDNn = 0 in the basic bus interface regardless of the RDNCR settings; and the
RD/WR signal is used as write enable (WE).

6.7.1 Byte Control SRAM Space Setting

Byte control SRAM interface can be specified for areas 0 to 7. Each area can be specified as byte
control SRAM interface by setting bits BCSELn (n = 0 to 7) in SRAMCR. For the area specified
as burst ROM interface or address/data multiplexed I/O interface, the SRAMCR setting is invalid
and byte control SRAM interface cannot be used.

6.7.2 Data Bus

The bus width of the byte control SRAM space can be specified as 16-bit byte control SRAM
space according to bits ABWHn and ABWLn (n =0 to 7) in ABWCR. The area specified as 8-bit
access space cannot be specified as the byte control SRAM space.

For the 16-bit byte control SRAM space, data bus (D15 to DO0) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see section
6.5.6, Endian and Data Alignment.
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6.7.3 1/0 PinsUsed for Byte Control SRAM Interface

Table 6.16 shows the pins used for the byte control SRAM interface.

In the byte control SRAM interface, write strobe signals (LHWR and LLWR) are output from the
byte select strobes. The RD/WR signal is used as a write enable signal.

Table6.16 1/0 Pinsfor Byte Control SRAM Interface

When Byte Control
Pin SRAM is Specified

Name 110

Function

AS/AH AS

Address Output
strobe

Strobe signal indicating that the address
output on the address bus is valid when
a basic bus interface space or byte
control SRAM space is accessed

CSn CSn Chip select Output Strobe signal indicating that area n is
selected
RD RD Read strobe Output Output enable for the SRAM when the

byte control SRAM space is accessed

RD/WR RD/WR

Read/write  Output

Write enable signal for the SRAM when
the byte control SRAM space is
accessed

LHWR/LUB LUB

Lower-upper Output
byte select

Upper byte select when the 16-bit byte
control SRAM space is accessed

LLWR/LLB LLB

Lower-lower Output
byte select

Lower byte select when the 16-bit byte
control SRAM space is accessed

WAIT WAIT

Wait Input

Wait request signal used when an
external address space is accessed

A23t0 AO A23to A0

Address pin  Output

Address output pin

D15to DO D15to DO

Data pin Input/
output

Data input/output pin
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6.74 Basic Timing
(1) 2-State Access Space

Figure 6.24 shows the bus timing when the byte control SRAM space is specified as a 2-state
access space.

Data buses used for 16-bit access space is the same as those in basic bus interface. No wait cycles
can be inserted.

Bus cycle

~ RD/WR J |

RD ! | | !

Read < . , ,
- RDMWR —l : I_

) RD ' High level | i

Write < ' ' '
D15t0D8  —— Valid —
L D7 to DO _._<: Valid >—

BS —l E
DACK —'—l I_

Note:n=0to 7

Figure6.24 16-Bit 2-State Access Space Bus Timing
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(2) 3-State Access Space

Figure 6.25 shows the bus timing when the byte control SRAM space is specified as a 3-state
access space.

Data buses used for 16-bit access space is the same as those in the basic bus interface. Wait cycles
can be inserted.

Bus cycle
Ts

_‘_

i
—
w

il

Read<

Write< High level

D15 to D8 Valid

D7 to DO Valid

BS

i

DACK

ST

Note:n=0to 7

Figure6.25 16-Bit 3-State Access Space Bus Timing
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6.7.5 Wait Control

The bus cycle can be extended for the byte control SRAM interface by inserting wait cycles (Tw)
in the same way as the basic bus interface.

(1) Program Wait Insertion

From 0 to 7 wait cycles can be inserted automatically between T2 cycle and T3 cycle for the 3-
state access space in area units, according to the settings in WTCRA and WTCRB.

(2) Pin Wait Insertion

For 3-state access space, when the WAITE bit in BCRI is set to 1, the corresponding DDR bit is
cleared to 0, and the ICR bit is set to 1, wait input by means of the WAIT pin is enabled. For
details on DDR and ICR, see section 9, I/O Ports.

Figure 6.26 shows an example of wait cycle insertion timing.
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Figure6.26 Example of Wait Cycle Insertion Timing
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6.76  Read Strobe (RD)

When the byte control SRAM space is specified, the RDNCR setting for the corresponding space
is invalid.

The read strobe negation timing is the same timing as when RDNn = 1 in the basic bus interface.
Note that the RD timing with respect to the DACK rising edge becomes different.

6.7.7  Extension of Chip Select (CS) Assertion Period

In the byte control SRAM interface, the extension cycles can be inserted before and after the bus
cycle in the same way as the basic bus interface. For details, see section 6.6.6, Extension of Chip
Select (CS) Assertion Period.

6.7.8 DACK Signal Output Timing

For DMAC single address transfers, the DACK signal assert timing can be modified by using the
DKC bit in BCRI1.

Figure 6.27 shows the DACK signal output timing. Setting the DKC bit to 1 asserts the DACK
signal a half cycle earlier.
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6.8 Burst ROM Interface

In this LSI, external address space areas 0 and 1 can be designated as burst ROM space, and burst
ROM interfacing performed. The burst ROM interface enables ROM with page access capability
to be accessed at high speed.

Areas 1 and 0 can be designated as burst ROM space by means of bits BSRM1 and BSRMO in
BROMCR. Consecutive burst accesses of up to 32 words can be performed, according to the
setting of bits BSWDn1 and BSWDnO (n =0, 1) in BROMCR. From one to eight cycles can be
selected for burst access.

Settings can be made independently for area 0 and area 1.

In the burst ROM interface, burst access covers only CPU read accesses. Other accesses are
covered by basic bus interface.

6.8.1 Burst ROM Space Setting

Burst ROM interface can be specified for areas 0 and 1. Areas 0 and 1 can be specified as burst
ROM space by setting bits BSRMn (n =0, 1) in BROMCR.

6.8.2 Data Bus

The bus width of the burst ROM space can be specified as 8-bit or16-bit burst ROM interface
space according to the ABWHn and ABWLn bits (n=0, 1) in ABWCR.

For the 8-bit bus width, data bus (D7 to DO0) is valid. For the 16-bit bus width, data bus (D15 to
DO0) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see section
6.5.6, Endian and Data Alignment.
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6.8.3 [/O Pins Used for Burst ROM Interface
Table 6.17 shows the pins used for the burst ROM interface.

Table6.17 1/0 PinsUsed for Burst ROM Interface

Name Symbol 1/0 Function

Bus cycle start BS Output  Signal indicating that the bus cycle has started.

Address strobe AS Output  Strobe signal indicating that an address output on the
address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or output direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte (D15 to
D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (D7 to DO)

is valid during write access

Chip select 0, 1 CS0,CS1  Output  Strobe signal indicating that the area is selected

Wait WAIT Input Wait request signal used when an external address
space is accessed

6.8.4 Basic Timing

The number of access cycles in the initial cycle (full access) on the burst ROM interface is
determined by the basic bus interface settings in ABWCR, ASTCR, WTCRA, WTCRB, and bits
CSXHn in CSACR (n=0to 7). When area 0 or area 1 designated as burst ROM space is read by
the CPU, the settings in RDNCR and bits CSXTn in CSACR (n =0 to 7) are ignored.

From one to eight cycles can be selected for the burst cycle, according to the settings of bits
BSTS02 to BSTS00 and BSTS12 to BSTS10 in BROMCR. Wait cycles cannot be inserted. In
addition, 4-word, 8-word, 16-word, or 32-word consecutive burst access can be performed
according to the settings of BSTS01, BSTS00, BSTS11, and BSTS10 bits in BROMCR.

The basic access timing for burst ROM space is shown in figures 6.28 and 6.29.
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6.8.5 Wait Control

As with the basic bus interface, either program wait insertion or pin wait insertion by the WAIT
pin can be used in the initial cycle (full access) on the burst ROM interface. See section 6.6.4,
Wait Control. Wait cycles cannot be inserted in a burst cycle.

6.86  Read Strobe (RD) Timing

When the burst ROM space is read by the CPU, the RDNCR setting for the corresponding space is
invalid.

The read strobe negation timing is the same timing as when RDNn = 0 in the basic bus interface.

6.8.7 Extension of Chip Select (CS) Assertion Period

In the burst ROM interface, the extension cycles can be inserted in the same way as the basic bus
interface.

For the burst ROM space, the burst access can be enabled only in read access by the CPU. In this
case, the setting of the corresponding CSXTn bit in CSACR is ignored and an extension cycle can
be inserted only before the full access cycle. Note that no extension cycle can be inserted before or
after the burst access cycles.

In read accesses by the CPU, the burst ROM space is equivalent to the basic bus interface space.
Accordingly, extension cycles can be inserted before and after the burst access cycles.
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6.9 Address/Data Multiplexed 1/0O Interface

If areas 3 to 7 of external address space are specified as address/data multiplexed I/O space in this
LSI, the address/data multiplexed I/O interface can be performed. In the address/data multiplexed
I/O interface, peripheral LSIs that require the multiplexed address/data can be connected directly
to this LSI.

6.9.1 Address/Data Multiplexed 1/0 Space Setting

Address/data multiplexed I/O interface can be specified for areas 3 to 7. Each area can be
specified as the address/data multiplexed I/O space by setting bits MPXEn (n =3 to 7) in
MPXCR.

6.9.2 Address/Data M ultiplex

In the address/data multiplexed I/O space, data bus is multiplexed with address bus. Table 6.18
shows the relationship between the bus width and address output.

Table6.18 Address/Data Multiplex

Data Pins

Bus Width| Cycle | Pi7 | PI6 | PI5 | PI4 | PI3 | PI2 | PI1 | PIO | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 [ PH1 | PHO

8 bits Address — |- —| == —=|— | — | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

Data —-!-|-/—-|—|—|—|— | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

16 bits Address | A15 | A14 | A13 | A12 |A11 |A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD

Data D15 | D14 | D13 |D12 (D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

6.9.3 Data Bus

The bus width of the address/data multiplexed I/O space can be specified for either 8-bit access
space or 16-bit access space by the ABWHn and ABWLn bits (n =3 to 7) in ABWCR.

For the 8-bit access space, D7 to DO are valid for both address and data. For 16-bit access space,
D15 to DO are valid for both address and data. If the address/data multiplexed I/O space is
accessed, the corresponding address will be output to the address bus.

For details on access size and data alignment, see section 6.5.6, Endian and Data Alignment.
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6.94 I/0O PinsUsed for Address/Data Multiplexed 1/0 Interface

Table 6.19 shows the pins used for the address/data multiplexed I/O Interface.

Table6.19 1/0 Pinsfor Address/Data Multiplexed I/O Interface

When Byte
Control
SRAM is
Pin Specified Name 110 Function
CSn CSn Chip select Output  Chip select (n = 3 to 7) when area n is specified as the
address/data multiplexed 1/O space
AS/AH AH* Address hold Output  Signal to hold an address when the address/data
multiplexed I/O space is specified
RD RD Read strobe  Output  Signal indicating that the address/data multiplexed I/0
space is being read
LHWR/LUB LHWR Low-high write Output  Strobe signal indicating that the upper bytes (D15 to
D8) is valid when the address/data multiplexed /O
space is written
LLWR/LLB LLWR Low-low write  Output  Strobe signal indicating that the lower bytes (D7 to DO)
is valid when the address/data multiplexed I/O space
is written
D15to DO  D15to DO Address/data  Input/ Address and data multiplexed pins for the
output  address/data multiplexed I/O space.
Only D7 to DO are valid when the 8-bit space is
specified. D15 to DO are valid when the 16-bit space is
specified.
A23t0o AO A23to AO Address Output  Address output pin
WAIT WAIT Wait Input Wait request signal used when the external address
space is accessed
BS BS Bus cycle start Output  Signal to indicate the bus cycle start
RD/WR RD/WR Read/write Output  Signal indicating the data bus input or output direction

Note: * The AH output is multiplexed with the AS output. At the timing that an area is specified
as address/data multiplexed 1/O, this pin starts to function as the AH output meaning
that this pin cannot be used as the AS output. At this time, when other areas set to the
basic bus interface is accessed, this pin does not function as the AS output. Until an
area is specified as address/data multiplexed 1/O, be aware that this pin functions as

the AS output.
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6.9.5 Basic Timing

The bus cycle in the address/data multiplexed I/O interface consists of an address cycle and a data
cycle. The data cycle is based on the basic bus interface timing specified by the ABWCR,
ASTCR, WTCRA, WTCRB, RDNCR, and CSACR.

Figures 6.30 and 6.31 show the basic access timings.

| Address cycle , Data cycle !

Tra E Tra2 ' T , T, '

B N L]
Address bus E X E i . :><:

CSn —l ; E |

Read E H ! : .
7o — :
LLWR E ' ' | ' | '

Write E ' ' . '

D7 to DO :—( Address >—< Write data 1 )—

BS ! ' '
RD/WR X ><:
DACK : 5 5 | 5 |

Note:n=3to 7

Figure6.30 8-Bit Access Space Access Timing (ABWHnN =1, ABWLn=1)
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Figure6.31 16-Bit Access Space Access Timing (ABWHnN =0, ABWLn =1)

6.9.6 Address Cycle Control

An extension cycle (Tmaw) can be inserted between Tmal and Tma2 cycles to extend the AH
signal output period by setting the ADDEX bit in MPXCR. By inserting the Tmaw cycle, the
address setup for AH and the AH minimum pulse width can be assured.

Figure 6.32 shows the access timing when the address cycle is three cycles.

Rev.2.00 Jun. 28, 2007 Page 201 of 784

RENESAS REJ09B248-0200




Section 6 Bus Controller (BSC)

' Address cycle ' Data cycle '
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Figure6.32 Access Timing of 3 Address Cycles (ADDEX =1)

6.9.7 Wait Control

In the data cycle of the address/data multiplexed I/O interface, program wait insertion and pin wait
insertion by the WAIT pin are enabled in the same way as in the basic bus interface. For details,
see section 6.6.4, Wait Control.

Wait control settings do not affect the address cycles.
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6.9.8  Read Strobe (RD) Timing

In the address/data multiplexed I/O interface, the read strobe timing of data cycles can be modified
in the same way as in basic bus interface. For details, see section 6.6.5, Read Strobe (RD) Timing.

Figure 6.33 shows an example when the read strobe timing is modified.
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Figure6.31 Read Strobe Timing
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6.9.9  Extension of Chip Select (CS) Assertion Period

In the address/data multiplexed interface, the extension cycles can be inserted before and after the
bus cycle. For details, see section 6.6.6, Extension of Chip Select (CS) Assertion Period.

Figure 6.34 shows an example of the chip select (CS) assertion period extension timing.

' Bus cycle '
o Address cycle Data cycle . '

T

T
mai ma2 !

Bo

imll 1|
Address bus D( ! X:
_! i

CSn \ ' ) 1 ! |

AH | : : i i 5

RD ; ! ! ! | | ‘ :
Read | : E E 1 ! ]

LHWR 5 : : T i | : !
Write { LLWR : : : | : | '

D15 to DO :4< E Address H E E Write data

Note:n=3t07

Figure6.34 Chip Select (CS) Assertion Period Extension Timing in Data Cycle
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When consecutively reading from the same area connected to a peripheral LSI whose data hold
time is long, data outputs from the peripheral LSI and this LSI may conflict. Inserting the chip
select assertion period extension cycle after the access cycle can avoid the data conflict.

Figure 6.35 shows an example of the operation. In the figure, both bus cycles A and B are read
access cycles to the address/data multiplexed I/O space. An example of the data conflict is shown
in (a), and an example of avoiding the data conflict by the CS assertion period extension cycle in

(b).

' Bus cycle A ' Bus cycle B ' ! Bus cycle A ! Bus cycle B !
Bd i ||| IlI |i| IlI ||| il Bo i ||| IlI ||| ill ||| IlI |i|
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Data hold time
is long.

(a) Without CS assertion period extension cycle
(CSXTn = 0)

(b) With CS assertion period extension cycle
(CSXTn =1)

Figure6.35 Consecutive Read Accessesto Same Area
(Address/Data M ultiplexed 1/0 Space)
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6.9.10 DACK Signal Output Timing

For DMAC single address transfers, the DACK signal assert timing can be modified by using the
DKC bit in BCRI1.

Figure 6.36 shows the DACK signal output timing. Setting the DKC bit to 1 asserts the DACK
signal a half cycle earlier.
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Figure6.36 DACK Signal Output Timing
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6.10 IdleCycle

In this LSI, idle cycles can be inserted between the consecutive external accesses. By inserting the
idle cycle, data conflicts between ROM read cycle whose output floating time is long and an
access cycle from/to high-speed memory or I/O interface can be prevented.

6.10.1 Operation

When this LSI consecutively accesses external address space, it can insert an idle cycle between
bus cycles in the following four cases. These conditions are determined by the sequence of read
and write and previously accessed area.

1. When read cycles of different areas in the external address space occur consecutively
2. When an external write cycle occurs immediately after an external read cycle

3. When an external read cycle occurs immediately after an external write cycle
4

. When an external access occurs immediately after a DMAC single address transfer (write
cycle)

Up to four idle cycles can be inserted under the conditions shown above. The number of idle
cycles to be inserted should be specified to prevent data conflicts between the output data from a
previously accessed device and data from a subsequently accessed device.

Under conditions 1 and 2, which are the conditions to insert idle cycles after read, the number of
idle cycles can be selected from setting A specified by the bits IDLCA1 and IDLCAOQ in IDLCR or
setting B specified by the bits IDLCB1 and IDLCBO in IDLCR: Setting A can be selected from
one to four cycles, and setting B can be selected from one or two to four cycles. Setting A or B can
be specified for each area by setting the bits IDLSEL7 to IDLSELO in IDLCR. Note that the bits
IDLSEL7 to IDLSELO correspond to the previously accessed area of the consecutive accesses.

The number of idle cycles to be inserted under conditions 3 and 4, which is a condition to insert
idle cycles after write, can be determined by setting A as described above.

After the reset release, IDLCR is initialized to four idle cycle insertion under all conditions 1 to 4
shown above.

Table 6.20 shows the correspondence between conditions 1 to 4 and number of idle cycles to be
inserted for each area. Table 6.21 shows the correspondence between the number of idle cycles to
be inserted specified by settings A and B, and number of cycles to be inserted.
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Table6.20 Number of Idle Cycle Insertion Selection in Each Area

Bit Settings
IDLSn IDLSELnN Area for Previous Access
Insertion Condition n Setting n=0to7 O 1 2 3 4 5 6 7
Consecutive reads in different areas 1 0 — Invalid
1 0 A A A A AAAA
1 B B B B B B B B
Write after read 0O o — Invalid
1 0 A A A A A AAA
B B B B B B B B
Read after write 2 0 — Invalid
1 A
External access after single address 3 0 — Invalid
transfer 1 A
[Legend]
A: Number of idle cycle insertion A is selected.
B: Number of idle cycle insertion B is selected.
Invalid: No idle cycle is inserted for the corresponding condition.
Table6.21 Number of Idle Cycle Insertions
Bit Settings
A B
IDLCA1 IDLCAO IDLCB1 IDLCBO Number of Cycles
— — 0 0 0
0 0 — — 1
0 1 0 1 2
1 0 1 0 3
1 1 1 1 4
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(1) Consecutive Readsin Different Areas

If consecutive reads in different areas occur while bit IDLS1 in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO when bit IDSELn in IDLCR is cleared to 0, or bits
IDLCB1 and IDLCBO when bit IDLSELn is set to 1 are inserted at the start of the second read
cycle (n=0to 7).

Figure 6.37 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle for ROM with a long output floating time, and bus cycle B is a read cycle for SRAM, each
being located in a different area. In (a), an idle cycle is not inserted, and a conflict occurs in bus
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LT, T, T T, T, LTy T, Ty T T, T,

-  Uuuuy Juuuy UL
Address bus :X x X: :X X X:

CS (area A) | |
CS (area B) ! | : é I

RD

Data bus

' '
Data hold

time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 = 0) (IDLS1 =1, IDLSELn =0, IDLCA1 =0, IDLCAO = 0)

Figure6.37 Example of Idle Cycle Operation (Consecutive Readsin Different Areas)
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(2) Writeafter Read

If an external write occurs after an external read while bit IDLSO in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO when bit IDSELn in IDLCR is cleared to 0 when
IDLSELn = 0,or bits IDLCB1 and IDLCBO when IDLSELn is set to 1 are inserted at the start of
the write cycle (n=0to 7).

Figure 6.38 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle for ROM with a long output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycle is not inserted, and a conflict occurs in bus cycle B between the read data from ROM
and the CPU write data. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

' T T, T, + T, Ty T,

T T, Ty T, Tyt 4 > o
. U JUUiuuL

Address bus ::X EX EX: ) ] \
CS (area A) |I |I ; | |I ; ;
CS (area B) E I |I E E I II

L
£

Data bus

Data hold’

time is long. ' ' ' '
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLSO = 0) (IDLSO = 1, IDLSELNn = 0, IDLCA1 = 0, IDLCAO = 0)

Figure6.38 Example of Idle Cycle Operation (Write after Read)
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(3) Read after Write

If an external read occurs after an external write while bit IDLS2 in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO are inserted at the start of the read cycle (n =0 to 7).

Figure 6.39 shows an example of the operation in this case. In this example, bus cycle A is a CPU
write cycle and bus cycle B is a read cycle from the SRAM. In (a), an idle cycle is not inserted,
and a conflict occurs in bus cycle B between the CPU write data and read data from an SRAM
device. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LT, T, Ty Ty T LT, T, Ta T T, T,

CS (area A) | I ' | 1 '
CS (area B) : | : ‘

[
Bl

time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS2 = 0) (IDLS2 = 1, IDLCA1 = 0, IDLCAO = 0)

Figure6.39 Exampleof Idle Cycle Operation (Read after Write)
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(4) External Accessafter Single Address Transfer Write

If an external access occurs after a single address transfer write while bit IDLS3 in IDLCR is set
to 1, idle cycles specified by bits IDLCA1 and IDLCAQ are inserted at the start of the external
access.

Figure 6.40 shows an example of the operation in this case. In this example, bus cycle A is a
single address transfer (write cycle) and bus cycle B is a CPU write cycle. In (a), an idle cycle is
not inserted, and a conflict occurs in bus cycle B between the external device write data and this
LSI write data. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LT, T, TT, T, T, T, T, LT, LT, T,

Address bus :EX :X EX: :EX EX ? Ex:
TS (area A) —l—l— | [ 5
CS (area B) - . | . :

DACK : | 5 :
Data bus —E—( E a
1 -~ Data conflict |

Output floating ' ' ! '
time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS3 =0) (IDLS3 =1, IDLCA1 =0, IDLCAO = 0)

Figure6.40 Example of Idle Cycle Operation (Write after Single Address Transfer Write)
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(5) External NOP Cyclesand Idle Cycles

In consecutive external bus accesses, in which even if the cycles that access no external space
(external NOP cycles) exist, the condition of inserting idle cycles is effective. In this case, the
external NOP cycles are counted as a part of the idle cycles.

Figure 6.41 shows an example of external NOP and idle cycle insertion.

No external access Idle cycle
Preceding bus cycle (NOP) ,  (remaining)

Following bus cycle

|
i : T1 T2 pr T3

1
Address bus | X

1

1

CS (area A) -l

CS (area B)

-

ny)
O

Data bus

——

—

' 1
Specified number of idle cycles or more
including no external access cycles (NOP)

C
-
N

(Condition: Number of idle cycles to be inserted when different reads continue: 4 cycles)

Figure6.41 ldle Cyclelnsertion Example

Rev.2.00 Jun. 28, 2007 Page 213 of 784
RENESAS REJ09B248-0200




Section 6 Bus Controller (BSC)

(6) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system's load conditions, the RD signal may lag behind the CS signal. An
example is shown in figure 6.42. In this case, with the setting for no idle cycle insertion (a), there
may be a period of overlap between the RD signal in bus cycle A and the CS signal in bus cycle B.
Setting idle cycle insertion, as in (b), however, will prevent any overlap between the RD and CS

signals. In the initial state after reset release, idle cycle indicated in (b) is set.

Bus cycle A Bus cycle B

LT, T, Tai T, Ty
B¢

Address bus :x X X:

CS (area A) | | E

CS (area B) L |
o LT[

Overlap time may occur between the
CS (area B) and RD

(a) No idle cycle inserted
(IDLS1 =0)

Bus cycle A Bus cycle B

; T1 T2 TS: Ti : T1 T2:

E 5;4!_
P

(b) Idle cycle inserted
(IDLS1 =1, IDLSELn = 0, IDLCA1 = 0, IDLCAO = 0)

Figure6.42 Relationship between Chip Select (CS) and Read (RD)
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Table6.22 Idle Cyclesin Mixed Accessesto Normal Space

Previous Next IDLS IDLSEL IDLCA IDLCB
Access Access 3 2 1 0 7too0 1 0 1 0 Idle Cycle

Normal space Normal — — 0 — — — — — — Disabled
read space read 1 _— o

— — 1cycleinserted

2 cycles inserted

3 cycles inserted

ala|lo|l o
= Ol =] O

4 cycles inserted

0 cycle inserted

2 cycle inserted

3 cycles inserted

alalo|l o
-1 Oo| =] 0O

4 cycles inserted

Normal space Normal —_ — — 0 — — — — — Disabled
read space write T 10

— — 1cycle inserted

2 cycles inserted

3 cycles inserted

Al alo| o
= Oo| =| O

4 cycles inserted

0 cycle inserted

2 cycle inserted

3 cycles inserted

alalo|l o
-1 Oo|=| 0

4 cycles inserted

Normal space Normal — 0 — — — — — — — Disabled
write space read

— — 1cycle inserted

2 cycles inserted

3 cycles inserted

= O|—=| O

4 cycles inserted

Single Normal o — — — — — — — — Disabled
address space write T 0 o0
transfer write

— — 1cycleinserted

0 1 2 cycles inserted

0 3 cycles inserted

1 1 4 cycles inserted
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6.10.2 Pin Statesin Idle Cycle
Table 6.23 shows the pin states in an idle cycle.

Table6.23 Pin Statesin Idle Cycle

Pins Pin State

A23 to AO Contents of following bus cycle
D15 to DO High impedance
CSn(n=71t00) High

AS High

RD High

BS High

RD/WR High

AH Low

LHWR, LLWR High

DACKn (n =310 0) High
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6.11 BusRedease

This LSI can release the external bus in response to a bus request from an external device. In the
external bus released state, internal bus masters continue to operate as long as there is no external
access.

In addition, in the external bus released state, the BREQO signal can be driven low to output a bus
request externally.

6.11.1 Operation

In external extended mode, when the BRLE bit in BCR1 is set to 1, and the ICR bit for the
corresponding pin is set to 1, the bus can be released to the external. Driving the BREQ pin low
issues an external bus request to this LSI. When the BREQ pin is sampled, at the prescribed
timing, the BACK pin is driven low, and the address bus, data bus, and bus control signals are
placed in the high-impedance state, establishing the external bus released state. For details on
DDR and ICR, see section 9, I/O Ports.

In the external bus released state, the CPU, DTC, and DMAC can access the internal space using
the internal bus. When the CPU, DTC, or DMAC attempts to access the external address space, it
temporarily defers initiation of the bus cycle, and waits for the bus request from the external bus
master to be canceled.

In the external bus released state, when write access to SCKCR is granted to set the clock
frequency, the current setting for the clock frequency is deferred until the bus request of the
external bus master is canceled. For details of the SCKCR, see section 18, Clock Pulse Generator.

If the BREQOE bit in BCR1is set to 1, the BREQO pin can be driven low when any of the
following requests are issued, to request cancellation of the bus request externally.

e  When the CPU, DTC, or DMAC attempts to access the external address space

e  When a SLEEP instruction is executed to place the chip in software standby mode or all-
module-clock-stop mode

e  When write access to SCKCR is granted to set the clock frequency

If an external bus release request and external access occur simultaneously, the priority is as
follows:

(High) External bus release > External access by CPU, DTC, or DMAC (Low)
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6.11.2 Pin Statesin External Bus Released State
Table 6.24 shows pin states in the external bus released state.

Table6.24 Pin Statesin Bus Released State

Pins Pin State

A23 to AO High impedance
D15 to DO High impedance
BS High impedance
CSn(n=7to00) High impedance
AS High impedance
AH High impedance
RD/WR High impedance
RD High impedance
LUB, LLB High impedance
LHWR, LLWR High impedance
DACKn (n=3100) High level
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6.11.3 Transition Timing

Figure 6.43 shows the timing for transition to the bus released state.

External space
access cycle External bus released state CPU cycle

«  JUUdUduuuyyy

S G T T
Oatabus I e e e
_ —‘_|—\ ..... LLHZ
CSn ! T oo
rs I S oSS S S B
piipa RN N A
G | M
wea N\ L [T
B I I S S N
areQo 1

[%] [é] [é] [;1] [%] [5] ' [i;] [f;] |

[1] Alow level of the BREQ signal is sampled at the rising edge of the B¢ signal.

[2] The bus control signals are driven high at the end of the external space access cycle. It takes two cycles or
more after the low level of the BREQ signal is sampled.

[38] The BACK signal is driven low, releasing bus to the external bus master.

[4] The BREQ signal state sampling is continued in the external bus released state.

[5] A high level of the BREQ signal is sampled.

[

[

6] The external bus released cycles are ended one cycle after the BREQ signal is driven high.

7] When the external space is accessed by an internal bus master during external bus released while the BREQOE
bit is set to 1, the BREQO signal goes low.

[8] Normally the BREQO signal goes high at the rising edge of the BACK signal.

Figure6.43 Bus Released State Transition Timing
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6.12 Internal Bus

6.12.1  Accessto Internal Address Space

The internal address spaces of this LSI are the on-chip RAM space and register space for the on-
chip peripheral modules. The number of cycles necessary for access differs according the space.

Table 6.25 shows the number of access cycles for each on-chip memory space.

Table6.25 Number of Access Cyclesfor On-Chip Memory Spaces

Access Space Access Number of Access Cycles
On-chip RAM space Read One l¢ cycle
Write One l¢ cycle

In access to the registers for on-chip peripheral modules, the number of access cycles differs
according to the register to be accessed. When the dividing ratio of the operating clock of a bus
master and that of a peripheral module is 1 : n, synchronization cycles using a clock divided by 0
to n-1 are inserted for register access in the same way as for external bus clock division.

The number of access cycles to the registers for on-chip peripheral modules is shown in table 6.26.

Table6.26 Number of Access Cyclesfor Registersof On-Chip Peripheral Modules

Number of Cycles

Module to be Accessed Read Write Write Data Buffer Function
DMAC registers 2l Disabled
MCU operating mode, clock pulse 2lo 3lo Disabled

generator, power-down control registers,
interrupt controller, bus controller, and DTC

registers
1/0O port PFCR registers and WDT registers 2P¢ 3P¢ Disabled
I/O port registers other than PFCR, TPU, 2P¢ Enabled

PPG, TMR, SCI, A/D, and D/A registers
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6.13 Write Data Buffer Function

6.13.1 Write Data Buffer Function for External Data Bus

This LSI has a write data buffer function for the external data bus. Using the write data buffer
function enables internal accesses in parallel with external writes or DMAC single address
transfers. The write data buffer function is made available by setting the WDBE bit to 1 in BCR1.

Figure 6.44 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external address space write or a DMAC single address transfer continues
for two cycles or longer, and there is an internal access next, an external write only is executed in
the first two cycles. However, from the next cycle onward, internal accesses (on-chip memory or
internal I/O register read/write) and the external address space write rather than waiting until it
ends are executed in parallel.

! ! !
\~&— On-chip memory read —»<&— Peripheral module read —p
I I

< External write cycle >

'¢_|IIIIIIIIIII!_

Internal :X On-chip On-chip Peripheral module addres.x:
address bus memory 1 X memory 2 X

T ; To : Ty E

i S I R S N S—
A23 to A0 :;X !

External — l
space 3 Csn ¢

write

External address

LHWR, LLWR

_ D15to DO _._< 5

L

Figure6.44 Example of Timing when Write Data Buffer Function isUsed
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6.13.2 Write Data Buffer Function for Peripheral Modules

This LSI has a write data buffer function for the peripheral module access. Using the write data
buffer function enables peripheral module writes and on-chip memory or external access to be
executed in parallel. The write data buffer function is made available by setting the PWDBE bit in
BCR2 to 1. As for the peripheral module register space in which the write data buffer function is
effective, see table 6.26 in section 6.12.

Figure 6.45 shows an example of the timing when the write data buffer function is used. When this
function is used, if an internal I/O register write continues for two cycles or longer and then there
is an on-chip RAM, or an external access, internal I/O register write only is performed in the first
two cycles. However, from the next cycle onward an internal memory or an external access and
internal I/O register write are executed in parallel rather than waiting until it ends.

On-chip
i._Mmemory__ .

, \ read '

~—Peripheral module write—s:

Internal :X—X_X_X:
address bus y ;
e 4]

Internal 1/10
address bus

Internal 1/10 < >
data bus

Peripheral module address

Figure6.45 Example of Timing when Peripheral Module
Write Data Buffer Function isUsed
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6.14 BusArbitration

This LSI has bus arbiters that arbitrate bus mastership operations (bus arbitration). This LSI
incorporates internal access and external access bus arbiters that can be used and controlled
independently. The internal bus arbiter handles the CPU, DTC, and DMAC accesses. The external
bus arbiter handles the external access by the CPU, DTC, and DMAC and external bus release
request (external bus master).

The bus arbiters determine priorities at the prescribed timing, and permit use of the bus by means

of the bus request acknowledge signal.

6.14.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master. If there are bus requests from more than one bus
master, the bus request acknowledge signal is sent to the one with the highest priority. When a bus
master receives the bus request acknowledge signal, it takes possession of the bus until that signal
is canceled.

The priority of the internal bus arbitration:
(High) DMAC > DTC > CPU (Low)
The priority of the external bus arbitration:
(High) External bus release request > External access by the CPU, DTC, and DMAC (Low)

If the DMAC or DTC accesses continue, the CPU can be given priority over the DMAC or DTC
to execute the bus cycles alternatively between them by setting the IBCCS bit in BCR2. In this
case, the priority between the DMAC and DTC does not change.

An internal bus access by the CPU, DTC, or DMAC and an external bus access by an external bus
release request can be executed in parallel.
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6.14.2 BusTransfer Timing

Even if a bus request is received from a bus master with a higher priority over that of the bus
master that has taken control of the bus and is currently operating, the bus is not necessarily
transferred immediately. There are specific timings at which each bus master can release the bus.

(1) CPU

The CPU is the lowest-priority bus master, and if a bus request is received from the DTC or
DMAUC, the bus arbiter transfers the bus to the bus master that issued the request.

The timing for transfer of the bus is at the end of the bus cycle. In sleep mode, the bus is
transferred synchronously with the clock.

Note, however, that the bus cannot be transferred in the following cases.

e The word or longword access is performed in some divisions.

e Stack handling is performed in multiple bus cycles.

o Transfer data read or write by memory transfer instructions, block transfer instructions, or TAS
instruction.
(In the block transfer instructions, the bus can be transferred in the write cycle and the
following transfer data read cycle.)

e From the target read to write in the bit manipulation instructions or memory operation
1nstructions.
(In an instruction that performs no write operation according to the instruction condition, up to
a cycle corresponding the write cycle)

() DTC

The DTC sends the internal bus arbiter a request for the bus when an activation request is
generated. When the DTC accesses an external bus space, the DTC first takes control of the bus
from the internal bus arbiter and then requests a bus to the external bus arbiter.

Once the DTC takes control of the bus, the DTC continues the transfer processing cycles. If a bus
master whose priority is higher than the DTC requests the bus, the DTC transfers the bus to the
higher priority bus master. If the IBCCS bit in BCR2 is set to 1, the DTC transfers the bus to the
CPU.
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Note, however, that the bus cannot be transferred in the following cases.

e During transfer information read
e During the first data transfer

e During transfer information write back
The DTC releases the bus when the consecutive transfer cycles completed.
(3 DMAC

The DMAC sends the internal bus arbiter a request for the bus when an activation request is
generated. When the DMAC accesses an external bus space, the DMAC first takes control of the
bus from the internal bus arbiter and then requests a bus to the external bus arbiter.

After the DMAC takes control of the bus, it may continue the transfer processing cycles or release
the bus at the end of every bus cycle depending on the conditions.

The DMAC continues transfers without releasing the bus in the following case:

e Between the read cycle in the dual-address mode and the write cycle corresponding to the read
cycle

If no bus master of a higher priority than the DMAC requests the bus and the IBCCS bit in BCR2
is cleared to 0, the DMAC continues transfers without releasing the bus in the following cases:

e During 1-block transfers in the block transfer mode

e During transfers in the burst mode
In other cases, the DMAC transfers the bus at the end of the bus cycle.
(4) External BusRelease

When the BREQ pin goes low and an external bus release request is issued while the BRLE bit in
BCR1 and the ICR bit of the corresponding pin are set to 1, a bus request is sent to the bus arbiter.

External bus release can be performed on completion of an external bus cycle.
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6.15 BusController Operation in Reset

In a reset, this LSI, including the bus controller, enters the reset state immediately, and any
executing bus cycle is aborted.

6.16  Usage Notes
(1) Setting Registers

The BSC registers must be specified before accessing the external address space. When activating
the external ROM, specify the registers before external accesses other than the instruction fetch
from the external ROM are generated.

(2) External BusRelease Function and All-Module-Clock-Stop M ode

In this LSI, if the ACSE bit in MSTPCRA is set to 1, and then a SLEEP instruction is executed
with the setting for all peripheral module clocks to be stopped (MSTPCRA, MSTPCRB =
H'FFFFFFFF) or for operation of the 8-bit timer module alone (MSTPCRA, MSTPCRB = H'F[E
to O]JFFFFFF), and a transition is made to the sleep state, the all-module-clock-stop mode is
entered in which the clock is also stopped for the bus controller and I/O ports. For details, see
section 19, Power-Down Modes.

In this state, the external bus release function is halted. To use the external bus release function in
sleep mode, the ACSE bit in MSTPCRA must be cleared to 0. Conversely, if a SLEEP instruction
to place the chip in all-module-clock-stop mode is executed in the external bus released state, the
transition to all-module-clock-stop mode is deferred and performed until after the bus is
recovered.

(3) External BusRelease Function and Softwar e Standby

In this LSI, internal bus master operation does not stop even while the bus is released, as long as
the program is running in on-chip RAM, etc., and no external access occurs. If a SLEEP
instruction to place the chip in software standby mode is executed while the external bus is
released, the transition to software standby mode is deferred and performed after the bus is
recovered.

Also, since clock oscillation halts in software standby mode, if the BREQ signal goes low in this
mode, indicating an external bus release request, the request cannot be answered until the chip has
recovered from the software standby mode.
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Note that the BACK and BREQO pins are both in the high-impedance state in software standby
mode.

(4) BREQO Output Timing

When the BREQOE bit is set to 1 and the BREQO signal is output, both the BREQO and BACK
signals may go low simultaneously.

This will occur if the next external access request occurs while internal bus arbitration is in
progress after the chip samples a low level of the BREQ signal.
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Section 7 DMA Controller (DMAC)

This LSI includes a 4-channel DMA controller (DMAC).

7.1 Features

Maximum of 4-G byte address space can be accessed

Byte, word, or longword can be set as data transfer unit

Maximum of 4-G bytes (4,294,967,295 bytes) can be set as total transfer size

Supports free-running mode in which total transfer size setting is not needed

DMAC activation methods are auto-request, on-chip module interrupt, and external request.

Auto request:
On-chip module interrupt:

External request:

Activated by the CPU
(cycle stealing or burst access can be selected)

Interrupt requests from on-chip peripheral modules can be selected
as an activation source

Low level or falling edge detection of the DREQ signal can be
selected. External request is available for all four channels.

In block transfer mode, low level detection is only available.

Dual or single address mode can be selected as address mode

Dual address mode: Both source and destination are specified by addresses

Single address mode: Either source or destination is specified by the DREQ signal and the

other is specified by address

Normal, repeat, or block transfer can be selected as transfer mode

Normal transfer mode:

Repeat transfer mode:

Block transfer mode:

One byte, one word, or one longword data is transferred at a
single transfer request

One byte, one word, or one longword data is transferred at a
single transfer request

Repeat size of data is transferred and then a transfer address
returns to the transfer start address

Up to 65536 transfers (65,536 bytes/words/longwords) can be set
as repeat size

One block data is transferred at a single transfer request
Up to 65,536 bytes/words/longwords can be set as block size
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e Extended repeat area function which repeats the addresses within a specified area using the
transfer address with the fixed upper bits (ring buffer transfer can be performed, as an
example) is available
One bit (two bytes) to 27 bits (128 Mbytes) for transfer source and destination can be set as
extended repeat areas

e Address update can be selected from fixed address, offset addition, and increment or
decrement by 1, 2, or 4
Address update by offset addition enables to transfer data at addresses which are not placed
continuously

e  Word or longword data can be transferred to an address which is not aligned with the
respective boundary

Data is divided according to its address (byte or word) when it is transferred
e Two types of interrupts can be requested to the CPU

A transfer end interrupt is generated after the number of data specified by the transfer counter
is transferred. A transfer escape end interrupt is generated when the remaining total transfer
size is less than the transfer data size at a single transfer request, when the repeat size of data
transfer is completed, or when the extended repeat area overflows.

Rev.2.00 Jun. 28, 2007 Page 230 of 784
REJ09B248-0200 RENESAS



Section 7 DMA Controller (DMAC)

A block diagram of the DMAC is shown in figure 7.1.

< Internal address bus >< Internal data bus >
External pins .
DREQn —>
DACKn
TENDn —~— M)

i Controller | Address buffer _|
Interrupt signals —— Address buffer D
requested to the <+—| : i
CSU by each ] . Operation unit D
Internal activation sources > Operation unit D

DOFR_n
DSAR_n

Internal activation >
source detector

DDAR_n

DTCR_n

> DMDR_n
| DMRSR_n |
> DACR_n

DBSR_n

0

[ [

(]

Module data bus

DSAR_n: DMA source address register
DDAR_n: DMA destination address register
DOFR_n: DMA offset register

DTCR_n: DMA transfer count register
DBSR_n: DMA block size register

DMDR_n: DMA mode control register
DACR_n: DMA address control register
DMRSR_n: DMA module request select register

Note:n=0t0 3

DMA transfer request
DMA transfer acknowledge
DMA transfer end

Figure7.1 Block Diagram of DMAC

Rev.2.00 Jun. 28, 2007 Page 231 of 784

RENESAS

REJ09B248-0200




Section 7 DMA Controller (DMAC)

7.2 I nput/Output Pins
Table 7.1 shows the pin configuration of the DMAC.

Table7.1 Pin Configuration

Channel Pin Name Abbr. I/0 Function
0 DMA transfer request 0 DREQO Input Channel 0 external request
DMA transfer acknowledge 0 DACKO  Output  Channel 0 single address transfer
acknowledge
DMA transfer end 0 TENDO Output Channel 0 transfer end
1 DMA transfer request 1 DREQ1 Input Channel 1 external request
DMA transfer acknowledge 1 DACK1  Output  Channel 1 single address transfer
acknowledge
DMA transfer end 1 TEND1  Output Channel 1 transfer end
2 DMA transfer request 2 DREQ2 Input Channel 2 external request
DMA transfer acknowledge 2 DACK2  Output  Channel 2 single address transfer
acknowledge
DMA transfer end 2 TEND2 Output Channel 2 transfer end
3 DMA transfer request 3 DREQ3 Input Channel 3 external request
DMA transfer acknowledge 3 DACK3  Output  Channel 3 single address transfer
acknowledge
DMA transfer end 3 TEND3  Output Channel 3 transfer end
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7.3 Register Descriptions
The DMAC has the following registers.
Channel O:

e DMA source address register_0 (DSAR_0)

e DMA destination address register_0 (DDAR_0)

o DMA offset register_0 (DOFR_0)

e DMA transfer count register_0 (DTCR_0)

e DMA block size register_0 (DBSR_0)

¢ DMA mode control register_0 (DMDR_0)

e DMA address control register_0 (DACR_0)

e DMA module request select register_0 (DMRSR_0)

Channdl 1:

e DMA source address register_1 (DSAR_1)

o DMA destination address register_1 (DDAR_1)

o DMA offset register_1 (DOFR_1)

o DMA transfer count register_1 (DTCR_1)

e DMA block size register_1 (DBSR_1)

e DMA mode control register_1 (DMDR_1)

o DMA address control register_1 (DACR_1)

o DMA module request select register_1 (DMRSR_1)

Channel 2:

e DMA source address register_2 (DSAR_2)

e DMA destination address register_2 (DDAR_2)

o DMA offset register_2 (DOFR_2)

e DMA transfer count register_2 (DTCR_2)

o DMA block size register_2 (DBSR_2)

e  DMA mode control register_2 (DMDR_2)

e DMA address control register_2 (DACR_2)

e  DMA module request select register_2 (DMRSR_2)
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Channdl 3:

e DMA source address register_3 (DSAR_3)

e DMA destination address register_3 (DDAR_3)

o DMA offset register_3 (DOFR_3)

e DMA transfer count register_3 (DTCR_3)

e DMA block size register_3 (DBSR_3)

¢ DMA mode control register_3 (DMDR_3)

e DMA address control register_3 (DACR_3)

e DMA module request select register_3 (DMRSR_3)
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731 DMA Source Address Register (DSAR)

DSAR is a 32-bit readable/writable register that specifies the transfer source address. DSAR
updates the transfer source address every time data is transferred. When DDAR is specified as the
destination address (the DIRS bit in DACR is 1) in single address mode, DSAR is ignored.

Although DSAR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25 24
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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732 DMA Destination Address Register (DDAR)

DDAR is a 32-bit readable/writable register that specifies the transfer destination address. DDAR
updates the transfer destination address every time data is transferred. When DSAR is specified as
the source address (the DIRS bit in DACR is 0) in single address mode, DDAR is ignored.

Although DDAR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25 24
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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733  DMA Offset Register (DOFR)

DOFR is a 32-bit readable/writable register that specifies the offset to update the source and
destination addresses. Although different values are specified for individual channels, the same
values must be specified for the source and destination sides of a single channel.

Bit 31 30 29 28 27 26 25 24

Bit Name

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 23 22 21 20 19 18 17 16

Bit Name

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15 14 13 12 11 10 9 8

Bit Name

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0

Bit Name

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W
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734 DMA Transfer Count Register (DTCR)

DTCR is a 32-bit readable/writable register that specifies the size of data to be transferred (total
transfer size).

To transfer 1-byte data in total, set H'00000001 in DTCR. When H'00000000 is set in this register,
it means that the total transfer size is not specified and data is transferred with the transfer counter
stopped (free running mode). When H'FFFFFFFF is set, the total transfer size is 4 Gbytes
(4,294,967,295), which is the maximum size. While data is being transferred, this register
indicates the remaining transfer size. The value corresponding to its data access size is subtracted
every time data is transferred (byte: —1, word: -2, and longword: —4).

Although DTCR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25 24
stnane. | | | | | | | | |
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
sthane. | | | | | | | | |
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
stname. | | | | | | | | |
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
stname | | | | | | | | |
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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7.35 DMA Block Size Register (DBSR)

DBSR specifies the repeat size or block size. DBSR is enabled in repeat transfer mode and block
transfer mode and is disabled in normal transfer mode.

Bit 31 30 29 28 27 26 25 24

Bit Name BKSZH31 BKSZH30 | BKSZH29 BKSZH28 | BKSZH27 | BKSZH26 BKSZH25 | BKSZH24

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16

Bit Name BKSZH23 BKSZH22 | BKSZH21 BKSZH20 | BKSZH19 | BKSZH18 BKSZH17 | BKSZH16

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name BKSZ15 BKSZ14 BKSZ13 BKSZ12 BKSZ11 BKSZ10 BKSZ9 BKSZ8
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name BKSZ7 BKSZ6 BKSZ5 BKSZz4 BKSZ3 BKSZ2 BKSZ1 BKSZ0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
3110 16 BKSZH31 Undefined R/W Specify the repeat size or block size.
to When H'0001 is set, the repeat or block size is one byte,
BKSZH16 one word, or one longword. When H'0000 is set, it
means the maximum value (refer to table 7.1). While the
DMA is in operation, the setting is fixed.
15t0 0 BKSZ15 Undefined R/W Indicate the remaining repeat or block size while the
to BKSZ0 DMA is in operation. The value is decremented by 1

every time data is transferred. When the remaining size
becomes 0, the value of the BKSZH bits is loaded. Set
the same value as the BKSZH bits.
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Table7.2 DataAccess Size, Valid Bits, and Settable Size

Settable Size

Mode Data Access Size BKSZH Valid Bits BKSZ Valid Bits (Byte)
Repeat transfer Byte 311016 15t00 1 to 65,536
and block transfer Word 210 131,072
Longword 4 to 262,144
7.3.6 DMA Mode Control Register (DMDR)
DMDR controls the DMAC operation.
e DMDR_0
Bit 31 30 29 28 27 26 25 24
Bit Name DTE DACKE TENDE — DREQS NRD — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R R
Bit 23 22 21 20 19 18 17 16
Bit Name ACT — — — ERRF — ESIF DTIF
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R/(W)* R R/(W)* R/(W)*
Bit 15 14 13 12 11 10 9 8
Bit Name DTSZ1 DTSZ0 MDS1 MDS0 TSEIE — ESIE DTIE
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name | DTF1 | DTFO | DTA | — | — | DMAP2 | DMAPH | DMAPO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R R R/W R/W R/W

Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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e DMDR_1 to DMDR_3

Bit

Bit Name
Initial Value
R/W

Bit

Bit Name
Initial Value
R/W

Bit

Bit Name
Initial Value
R/W

Bit

Bit Name
Initial Value

R/W

31 30 29 28 27 26 25 24
DTE DACKE TENDE — DREQS NRD — —
0 0 0 0 0 0 0 0
RW RIW RW RIW RW RW R R
23 22 21 20 19 18 17 16
ACT — — — — — ESIF DTIF
0 0 0 0 0 0 0 0
R R R R R R R/(W)* R/(W)*
15 14 13 12 11 10 9 8
DTSZ1 DTSZ0 MDS1 MDS0 TSEIE — ESIE DTIE
0 0 0 0 0 0 0 0
RW RIW RW RIW RW R RIW RW
7 6 5 4 3 2 1 0
DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO
0 0 0 0 0 0 0 0
RW RIW RW R R RW RIW R/W

Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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Initial
Bit Bit Name Value R/W Description
31 DTE 0 R/W Data Transfer Enable

Enables/disables a data transfer for the corresponding
channel. When this bit is set to 1, it indicates that the
DMAC is in operation.

Setting this bit to 1 starts a transfer when the auto-
request is selected. When the on-chip module interrupt
or external request is selected, a transfer request after
setting this bit to 1 starts the transfer. While data is
being transferred, clearing this bit to O stops the
transfer.

In block transfer mode, if writing 0 to this bit while data is
being transferred, this bit is cleared to 0 after the current
1-block size data transfer.

If an event which stops (sustains) a transfer occurs
externally, this bit is automatically cleared to 0 to stop
the transfer.

Operating modes and transfer methods must not be
changed while this bit is set to 1.

0: Disables a data transfer

1: Enables a data transfer (DMA is in operation)

[Clearing conditions]

o When the specified total transfer size of transfers is
completed

o When a transfer is stopped by an overflow interrupt
by a repeat size end

e When a transfer is stopped by an overflow interrupt
by an extended repeat size end

o When a transfer is stopped by a transfer size error
interrupt

e When clearing this bit to 0 to stop a transfer

In block transfer mode, this bit changes after the current
block transfer.

o When an address error or an NMI interrupt is
requested

o In the reset state or hardware standby mode
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Bit

Initial
Bit Name Value

R/W

Description

30

DACKE 0

RW

DACK Signal Output Enable

Enables/disables the DACK signal output in single
address mode. This bit is ignored in dual address mode.

0: Enables DACK signal output
1: Disables DACK signal output

29

TENDE O

R/W

TEND Signal Output Enable
Enables/disables the TEND signal output.
0: Enables TEND signal output

1: Disables TEND signal output

28

R/W

Reserved
Initial value should not be changed.

27

DREQS 0

R/W

DREQ Select

Selects whether a low level or the falling edge of the
DREQ signal used in external request mode is detected.

When a block transfer is performed in external request
mode, clear this bit to 0.

0: Low level detection

1: Falling edge detection (the first transfer after a
transfer enabled is detected on a low level)

26

NRD 0

R/W

Next Request Delay
Selects the accepting timing of the next transfer request.

0: Starts accepting the next transfer request after
completion of the current transfer

1: Starts accepting the next transfer request one cycle
after completion of the current transfer

25,24

— AllO

Reserved

These bits are always read as 0 and cannot be
modified.

23

ACT 0

Active State
Indicates the operating state for the channel.

0: Waiting for a transfer request or a transfer disabled
state by clearing the DTE bit to 0

1: Active state

22t020 — AllO

Reserved

These bits are always read as 0 and cannot be
modified.
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Initial
Bit Bit Name Value R/W Description
19 ERRF 0 R/(W)*  System Error Flag
Indicates that an address error or an NMI interrupt has
been generated. This bit is available only in DMDR_O.
Setting this bit to 1 prohibits writing to the DTE bit for all
the channels. This bit is reserved in DMDR_1 to
DMDR_3. It is always read as 0 and cannot be modified.
0: An address error or an NMI interrupt has not been
generated
1: An address error or an NMI interrupt has been
generated
[Clearing condition]
¢ When clearing to 0 after reading ERRF = 1
[Setting condition]
e When an address error or an NMI interrupt has been
generated
However, when an address error or an NMI interrupt has
been generated in DMAC module stop mode, this bit is
not set to 1.
18 — 0 R Reserved
This bit is always read as 0 and cannot be modified.
17 ESIF 0 R/(W)*  Transfer Escape Interrupt Flag

Indicates that a transfer escape end interrupt has been
requested. A transfer escape end means that a transfer
is terminated before the transfer counter reaches 0.

0: A transfer escape end interrupt has not been
requested

1: Atransfer escape end interrupt has been requested
[Clearing conditions]

e When setting the DTE bit to 1

¢ When clearing to 0 before reading ESIF = 1

[Setting conditions]

o When a transfer size error interrupt is requested

o When a repeat size end interrupt is requested

o When a transfer end interrupt by an extended repeat
area overflow is requested

Rev.2.00 Jun. 28, 2007 Page 244 of 784
REJ09B248-0200

RENESAS



Section 7 DMA Controller (DMAC)

Bit

Bit Name Value

Initial

R/W

Description

16

DTIF

0

R/(W)*

Data Transfer Interrupt Flag

Indicates that a transfer end interrupt by the transfer
counter has been requested.

0: A transfer end interrupt by the transfer counter has
not been requested

1: A transfer end interrupt by the transfer counter has
been requested

[Clearing conditions]

e When setting the DTE bit to 1

e When clearing to 0 after reading DTIF = 1

[Setting condition]

e When DTCR reaches 0 and the transfer is
completed

15
14

DTSZz1
DTSZ0

R/W
RW

Data Access Size 1 and 0

Select the data access size for a transfer.
00: Byte size (eight bits)

01: Word size (16 bits)

10: Longword size (32 bits)

11: Setting prohibited

13
12

MDS1
MDSO0

R/W
R/W

Transfer Mode Select 1 and 0
Select the transfer mode.

00: Normal transfer mode
01: Block transfer mode

10: Repeat transfer mode
11: Setting prohibited
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Initial
Bit Bit Name Value R/W Description

11 TSEIE 0 R/W Transfer Size Error Interrupt Enable
Enables/disables a transfer size error interrupt.

When the next transfer is requested while this bit is set
to 1 and the contents of the transfer counter is less than
the size of data to be transferred at a single transfer
request, the DTE bit is cleared to 0. At this time, the
ESIF bit is set to 1 to indicate that a transfer size error
interrupt has been requested.

The sources of a transfer size error are as follows:

e In normal or repeat transfer mode, the total transfer
size set in DTCR is less than the data access size

e In block transfer mode, the total transfer size set in
DTCR is less than the block size

0: Disables a transfer size error interrupt request
1: Enables a transfer size error interrupt request

10 — 0 R Reserved

This bit is always read as 0 and cannot be modified.

9 ESIE 0 R/W Transfer Escape Interrupt Enable

Enables/disables a transfer escape end interrupt
request. When the ESIF bit is set to 1 with this bit set to
1, a transfer escape end interrupt is requested to the
CPU or DTC. The transfer end interrupt request is
cleared by clearing this bit or the ESIF bit to 0.

0: Disables a transfer escape end interrupt
1: Enables a transfer escape end interrupt

8 DTIE 0 R/W Data Transfer End Interrupt Enable

Enables/disables a transfer end interrupt request by the
transfer counter. When the DTIF bit is set to 1 with this
bit set to 1, a transfer end interrupt is requested to the
CPU or DTC. The transfer end interrupt request is
cleared by clearing this bit or the DTIF bit to 0.

0: Disables a transfer end interrupt
1: Enables a transfer end interrupt
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Bit

Bit Name Value

Initial

R/W

Description

7
6

DTF1
DTFO

0
0

R/W
R/W

Data Transfer Factor 1 and O

Select a DMAC activation source. When the on-chip
peripheral module setting is selected, the interrupt
source should be selected by DMRSR. When the
external request setting is selected, the sampling
method should be selected by the DREQS bit.

00: Auto request (cycle stealing)
01: Auto request (burst access)
10: On-chip module interrupt

11: External request

DTA

R/W

Data Transfer Acknowledge

This bit is valid in DMA transfer by the on-chip module
interrupt source. This bit enables or disables to clear the
source flag selected by DMRSR.

0: To clear the source in DMA transfer is disabled.
Since the on-chip module interrupt source is not
cleared in DMA transfer, it should be cleared by the
CPU or DTC transfer.

1: To clear the source in DMA transfer is enabled.
Since the on-chip module interrupt source is cleared
in DMA transfer, it does not require an interrupt by
the CPU or DTC transfer.

4,3

AllO

Reserved

These bits are always read as 0 and cannot be
modified.
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Initial
Bit Bit Name Value R/W Description
2 DMAP2 O R/W DMA Priority Level 2 to 0
DMAP1 O R/W Select the priority level of the DMAC when using the
0 DMAPO 0O R/W CPU priority control function over DTC and DMAC.

When the CPU has priority over the DMAC, the DMAC
masks a transfer request and waits for the timing when
the CPU priority becomes lower than the DMAC priority.
The priority levels can be set to the individual channels.
This bit is valid when the CPUPCE bit in CPUPCR is set
to 1.

000: Priority level 0 (low)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (high)

Note: * Only 0 can be written to, to clear the flag.
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737 DMA Address Control Register (DACR)

DACR specifies the operating mode and transfer method.

Bit 31 30 29 28 27 26 25 24
Bit Name AMS DIRS — — — RPTIE ARSH1 ARSO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R R R R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name — — SAT1 SATO — — DATH1 DATO
Initial Value 0 0 0 0 0 0 0 0
R/W R R R/W R/W R R R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name SARIE — — SARA4 SARA3 SARA2 SARA1 SARAO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R R R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DARIE — — DARA4 DARA3 DARA2 DARA1 DARAO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R R R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
31 AMS R/W Address Mode Select

Selects address mode from single or dual address
mode. In single address mode, the DACK pin is enabled
according to the DACKE bit.

0: Dual address mode

1: Single address mode
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Initial
Bit Bit Name Value R/W Description

30 DIRS 0 R/W Single Address Direction Select

Specifies the data transfer direction in single address
mode. This bit s ignored in dual address mode.

0: Specifies DSAR as source address
1: Specifies DDAR as destination address

29t027 — 0 R/W Reserved

These bits are always read as 0 and cannot be
modified.

26 RPTIE 0 R/W Repeat Size End Interrupt Enable
Enables/disables a repeat size end interrupt request.

In repeat transfer mode, when the next transfer is
requested after completion of a 1-repeat-size data
transfer while this bit is set to 1, the DTE bit in DMDR is
cleared to 0. At this time, the ESIF bit in DMDR is set to
1 to indicate that a repeat size end interrupt is
requested. Even when the repeat area is not specified
(ARS1 =1 and ARSO = 0), a repeat size end interrupt
after a 1-block data transfer can be requested.

In addition, in block transfer mode, when the next
transfer is requested after 1-block data transfer while
this bit is set to 1, the DTE bit in DMDR is cleared to 0.
At this time, the ESIF bit in DMDR is set to 1 to indicate
that a repeat size end interrupt is requested.

0: Disables a repeat size end interrupt
1: Enables a repeat size end interrupt

25 ARSH1 0 R/W Area Select 1 and 0

24 ARSO 0 R/W Specify the block area or repeat area in block or repeat
transfer mode.

00: Specify the block area or repeat area on the source
address

01: Specify the block area or repeat area on the
destination address

10: Do not specify the block area or repeat area
11: Setting prohibited
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Initial
Bit Bit Name Value

R/W

Description

23,22 — AllO

Reserved

These bits are always read as 0 and cannot be
modified.

21 SAT1
20 SATO

R/W
R/W

Source Address Update Mode 1 and 0

Select the update method of the source address
(DSAR). When DSAR is not specified as the transfer
source in single address mode, this bit is ignored.

00: Source address is fixed
01: Source address is updated by adding the offset

10: Source address is updated by adding 1, 2, or 4
according to the data access size

11: Source address is updated by subtracting 1, 2, or 4
according to the data access size

19,18 — AllO

Reserved

These bits are always read as 0 and cannot be
modified.

17 DAT1
16 DATO

R/W
R/W

Destination Address Update Mode 1 and 0

Select the update method of the destination address
(DDAR). When DDAR is not specified as the transfer
destination in single address mode, this bit is ignored.

00: Destination address is fixed
01: Destination address is updated by adding the offset

10: Destination address is updated by adding 1, 2, or 4
according to the data access size

11: Destination address is updated by subtracting 1, 2,
or 4 according to the data access size
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Initial
Bit Bit Name Value R/W

Description

15 SARIE 0 R/W

Interrupt Enable for Source Address Extended Area
Overflow

Enables/disables an interrupt request for an extended
area overflow on the source address.

When an extended repeat area overflow on the source
address occurs while this bit is set to 1, the DTE bit in
DMDR is cleared to 0. At this time, the ESIF bit in
DMDR is set to 1 to indicate an interrupt by an extended
repeat area overflow on the source address is
requested.

When block transfer mode is used with the extended
repeat area function, an interrupt is requested after
completion of a 1-block size transfer. When setting the
DTE bit in DMDR of the channel for which a transfer has
been stopped to 1, the transfer is resumed from the
state when the transfer is stopped.

When the extended repeat area is not specified, this bit
is ignored.

0: Disables an interrupt request for an extended area
overflow on the source address

1: Enables an interrupt request for an extended area
overflow on the source address

14,13 — AllO R

Reserved

These bits are always read as 0 and cannot be
modified.
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Bit

Bit Name Value

Initial

R/W

Description

12
11
10

SARA4
SARA3
SARA2
SARA1
SARAO

0

o O O o

R/W
R/W
R/W
R/W
R/W

Source Address Extended Repeat Area

Specify the extended repeat area on the source address
(DSAR). With the extended repeat area, the specified
lower address bits are updated and the remaining upper
address bits are fixed. The extended repeat area size is
specified from four bytes to 128 Mbytes in units of byte
and a power of 2.

When the lower address is overflowed from the
extended repeat area by address update, the address
becomes the start address and the end address of the
area for address addition and subtraction, respectively.

When an overflow in the extended repeat area occurs
with the SARIE bit set to 1, an interrupt can be
requested. Table 7.3 shows the settings and areas of
the extended repeat area.

DARIE

0

R/W

Destination Address Extended Repeat Area Overflow
Interrupt Enable

Enables/disables an interrupt request for an extended
area overflow on the destination address.

When an extended repeat area overflow on the
destination address occurs while this bit is set to 1, the
DTE bit in DMDR is cleared to 0. At this time, the ESIF
bit in DMDR is set to 1 to indicate an interrupt by an
extended repeat area overflow on the destination
address is requested.

When block transfer mode is used with the extended
repeat area function, an interrupt is requested after
completion of a 1-block size transfer. When setting the
DTE bit in DMDR of the channel for which the transfer
has been stopped to 1, the transfer is resumed from the
state when the transfer is stopped.

When the extended repeat area is not specified, this bit
is ignored.

0: Disables an interrupt request for an extended area
overflow on the destination address

1: Enables an interrupt request for an extended area
overflow on the destination address

RENESAS
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Initial

Bit Bit Name Value R/W Description

6,5 — AllO R Reserved
These bits are always read as 0 and cannot be
modified.

4 DARA4 O R/W Destination Address Extended Repeat Area

3 DARA3 O R/W Specify the extended repeat area on the destination

2 DARA2 0O R/W address (DDAR). With the extended repeat area, the
specified lower address bits are updated and the

1 DARAT 0 R/W remaining upper address bits are fixed. The extended

0 DARAO O R/W repeat area size is specified from four bytes to 128

Mbytes in units of byte and a power of 2.

When the lower address is overflowed from the
extended repeat area by address update, the address
becomes the start address and the end address of the
area for address addition and subtraction, respectively.

When an overflow in the extended repeat area occurs
with the DARIE bit set to 1, an interrupt can be
requested. Table 7.3 shows the settings and areas of
the extended repeat area.
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Table7.3 Settingsand Areas of Extended Repeat Area

SARAA4 to

SARAO or

DARA4 to

DARAO Extended Repeat Area

00000 Not specified

00001 2 bytes specified as extended repeat area by the lower 1 bit of the address
00010 4 bytes specified as extended repeat area by the lower 2 bits of the address
00011 8 bytes specified as extended repeat area by the lower 3 bits of the address
00100 16 bytes specified as extended repeat area by the lower 4 bits of the address
00101 32 bytes specified as extended repeat area by the lower 5 bits of the address
00110 64 bytes specified as extended repeat area by the lower 6 bits of the address
00111 128 bytes specified as extended repeat area by the lower 7 bits of the address
01000 256 bytes specified as extended repeat area by the lower 8 bits of the address
01001 512 bytes specified as extended repeat area by the lower 9 bits of the address
01010 1 kbyte specified as extended repeat area by the lower 10 bits of the address
01011 2 kbytes specified as extended repeat area by the lower 11 bits of the address
01100 4 kbytes specified as extended repeat area by the lower 12 bits of the address
01101 8 kbytes specified as extended repeat area by the lower 13 bits of the address
01110 16 kbytes specified as extended repeat area by the lower 14 bits of the address
01111 32 kbytes specified as extended repeat area by the lower 15 bits of the address
10000 64 kbytes specified as extended repeat area by the lower 16 bits of the address
10001 128 kbytes specified as extended repeat area by the lower 17 bits of the address
10010 256 kbytes specified as extended repeat area by the lower 18 bits of the address
10011 512 kbytes specified as extended repeat area by the lower 19 bits of the address
10100 1 Mbyte specified as extended repeat area by the lower 20 bits of the address
10101 2 Mbytes specified as extended repeat area by the lower 21 bits of the address
10110 4 Mbytes specified as extended repeat area by the lower 22 bits of the address
10111 8 Mbytes specified as extended repeat area by the lower 23 bits of the address
11000 16 Mbytes specified as extended repeat area by the lower 24 bits of the address
11001 32 Mbytes specified as extended repeat area by the lower 25 bits of the address
11010 64 Mbytes specified as extended repeat area by the lower 26 bits of the address
11011 128 Mbytes specified as extended repeat area by the lower 27 bits of the address
111xx Setting prohibited

[Legend]

x: Don't care
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738  DMA Module Request Select Register (DMRSR)

DMRSR is an 8-bit readable/writable register that specifies the on-chip module interrupt source.
The vector number of the interrupt source is specified in eight bits. However, O is regarded as no
interrupt source. For the vector numbers of the interrupt sources, refer to table 7.5.

Bit 7 6 5 4 3 2 1 0
BitName | I I I I I I I |
Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

7.4 Transfer Modes

Table 7.4 shows the DMAC transfer modes. The transfer modes can be specified to the individual
channels.

Table7.4 Transfer Modes

Address Register

Address Destina-
Mode Transfer mode Activation Source Common Function Source tion
Dual e Normal transfer e Auto request e Total transfer size: DSAR DDAR
address | Repeat transfer (activated by CPU) 1 to 4 Gbytes or not

e Block transfer e On-chip module specified

Repeat or block size = 1 interrupt o Offset addition

to 65,536 bytes, 1 to e External request o Extended repeat
65,536 words, or 1 to
65,536 longwords

area function

Single e Instead of specifying the source or destination address registers, data DSAR/ DACK/
address is directly transferred from/to the external device using the DACK pin  DACK DDAR

o The same settings as above are available other than address register
setting (e.g., above transfer modes can be specified)

e One transfer can be performed in one bus cycle (the types of transfer
modes are the same as those of dual address modes)

When the auto request setting is selected as the activation source, the cycle stealing or burst access
can be selected. When the total transfer size is not specified (DTCR = H'00000000), the transfer
counter is stopped and the transfer is continued without the limitation of the transfer count.
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75 Operations

751 Address Modes
(1) Dual AddressMoaode

In dual address mode, the transfer source address is specified in DSAR and the transfer destination
address is specified in DDAR. A transfer at a time is performed in two bus cycles (when the data
bus width is less than the data access size or the access address is not aligned with the boundary of
the data access size, the number of bus cycles are needed more than two because one bus cycle is
divided into multiple bus cycles).

In the first bus cycle, data at the transfer source address is read and in the next cycle, the read data
is written to the transfer destination address.

The read and write cycles are not separated. Other bus cycles (bus cycle by other bus masters,
refresh cycle, and external bus release cycle) are not generated between read and write cycles.

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TEND signal is
output in two bus cycles. When an idle cycle is inserted before the bus cycle, the TEND signal is
also output in the idle cycle. The DACK signal is not output.

Figure 7.2 shows an example of the signal timing in dual address mode and figure 7.3 shows the
operation in dual address mode.

, DMAread , DMAwrite
cycle \ cycle
Bo [ o o
Address bus X DpsaR X DDAR X

TEND i

Figure7.2 Exampleof Signal Timing in Dual Address Mode
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/\//\/

Address T, —» | Transfer > —~+— Address Tg

/\/

Address By, —» Address update setting is as follows:
Source address increment

/\/ Fixed destination address

Figure 7.3 Operationsin Dual Address Mode
(2) SingleAddressMode

In single address mode, data between an external device and an external memory is directly
transferred using the DACK pin instead of DSAR or DDAR. A transfer at a time is performed in
one bus cycle. In this mode, the data bus width must be the same as the data access size. For
details on the data bus width, see section 6, Bus Controller (BSC).

The DMAC accesses an external device as the transfer source or destination by outputting the
strobe signal (DACK) to the external device with DACK and accesses the other transfer target by
outputting the address. Accordingly, the DMA transfer is performed in one bus cycle. Figure 7.4
shows an example of a transfer between an external memory and an external device with the
DACK pin. In this example, the external device outputs data on the data bus and the data is written
to the external memory in the same bus cycle.

The transfer direction is decided by the DIRS bit in DACR which specifies an external device with
the DACK pin as the transfer source or destination. When DIRS = 0, data is transferred from an
external memory (DSAR) to an external device with the DACK pin. When DIRS = 1, data is
transferred from an external device with the DACK pin to an external memory (DDAR). The
settings of registers which are not used as the transfer source or destination are ignored.

The DACK signal output is enabled in single address mode by the DACKE bit in DMDR. The
DACK signal is low active.

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TEND signal is
output in one bus cycle. When an idle cycle is inserted before the bus cycle, the TEND signal is
also output in the idle cycle.

Figure 7.5 shows an example of timing charts in single address mode and figure 7.6 shows an
example of operation in single address mode.
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External External
address bus  data bus
LSI
External
: memory
DMAC G | External device
U with DACK
A A
DACK
---» Data flow DREQ

Figure7.4 DataFlow in Single Address Mode

Transfer from external memory to external device with DACK
+ DMAcycle .
-

« ML Lo

Data bus _v_<:D— -+—— Data output by external memory

Address bus X DSAR X: ~+——— Address for external memory space
RD ; I ~—— RD signal for external memory space
WR High |

DACK —

TEND

Transfer from external device with DACK to external memory

Data bus ——(:D— -+——— Data output by external device with DACK

 DMAcycle .
B N I
Address bus X DDAR | -+——— Address for external memory space
RD High
WR ' | I ' ~<—— WR signal for external memory space
DACK —

TEND

Figure7.5 Exampleof Signal Timingin Single Address Mode
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Address T —» I < DACK

Address B —»

/\/

Figure7.6 Operationsin Single Address M ode

752 Transfer M odes
(1) Normal Transfer Mode

In normal transfer mode, one data access size of data is transferred at a single transfer request. Up
to 4 Gbytes can be specified as a total transfer size by DTCR. DBSR is ignored in normal transfer
mode.

The TEND signal is output only in the last DMA transfer. The DACK signal is output every time a
transfer request is received and a transfer starts.

Figure 7.7 shows an example of the signal timing in normal transfer mode and figure 7.8 shows
the operation in normal transfer mode.

Auto request transfer in dual address mode:

. DMA transfer ! i Last DMA .
1 cycle ! 1 transfer cycle !

Bus cydle  ——— Read X Write X—X Read X Write f——————

reio ; —__

External request transfer in single address mode:

DREQ | [

DACK | | | |

Figure7.7 Exampleof Signal Timingin Normal Transfer Mode
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/\//\/

Address T, —» [ Transfer > ~—Address Tg

Total transfer
size (DTCR)

Address By, —» ~— Address Bg

/\//\/

Figure7.8 Operationsin Normal Transfer Mode
(2) Repeat Transfer Mode

In repeat transfer mode, one data access size of data is transferred at a single transfer request. Up
to 4 Gbytes can be specified as a total transfer size by DTCR. The repeat size can be specified in
DBSR up to 65536 x data access size.

The repeat area can be specified for the source or destination address side by bits ARS1 and ARSO
in DACR. The address specified as the repeat area returns to the transfer start address when the
repeat size of transfers is completed. This operation is repeated until the total transfer size
specified in DTCR is completed. When H'00000000 is specified in DTCR, it is regarded as the
free running mode and repeat transfer is continued until the DTE bit in DMDR is cleared to 0.

In addition, a DMA transfer can be stopped and a repeat size end interrupt can be requested to the
CPU or DTC when the repeat size of transfers is completed. When the next transfer is requested
after completion of a 1-repeat size data transfer while the RPTIE bit is set to 1, the DTE bit in
DMDR is cleared to 0 and the ESIF bit in DMDR is set to 1 to complete the transfer. At this time,
an interrupt is requested to the CPU or DTC when the ESIE bit in DMDR is set to 1.

The timings of the TEND and DACK signals are the same as in normal transfer mode.
Figure 7.9 shows the operation in repeat transfer mode while dual address mode is set.

When the repeat area is specified as neither source nor destination address side, the operation is
the same as the normal transfer mode operation shown in figure 7.8. In this case, a repeat size end
interrupt can also be requested to the CPU when the repeat size of transfers is completed.

Rev.2.00 Jun. 28, 2007 Page 261 of 784
RENESAS REJ09B248-0200




Section 7 DMA Controller (DMAC)

/\/ /\/

~
Address Tp —> | Transfer> ~+—Address Tp

Repeat size =
BKSZH x
data access size

Address By —p > Total transfer

size (DTCR)

Y

Operation when the repeat area is specified ~+— Address BB/

to the source side

Figure7.9 Operationsin Repeat Transfer Mode
(3) Block Transfer Mode

In block transfer mode, one block size of data is transferred at a single transfer request. Up to 4
Gbytes can be specified as total transfer size by DTCR. The block size can be specified in DBSR
up to 65536 x data access size.

While one block of data is being transferred, transfer requests from other channels are suspended.
When the transfer is completed, the bus is released to the other bus master.

The block area can be specified for the source or destination address side by bits ARS1 and ARSO
in DACR. The address specified as the block area returns to the transfer start address when the
block size of data is completed. When the block area is specified as neither source nor destination
address side, the operation continues without returning the address to the transfer start address. A
repeat size end interrupt can be requested.

The TEND signal is output every time 1-block data is transferred in the last DMA transfer cycle.
When the external request is selected as an activation source, the low level detection of the DREQ
signal (DREQS = 0) should be selected.

When an interrupt request by an extended repeat area overflow is used in block transfer mode,
settings should be selected carefully. For details, see section 7.5.5, Extended Repeat Area
Function.
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Figure 7.10 shows an example of the DMA transfer timing in block transfer mode. The transfer
conditions are as follows:

e Address mode: single address mode
e Data access size: byte
e 1-block size: three bytes

The block transfer mode operations in single address mode and in dual address mode are shown in
figures 7.11 and 7.12, respectively.

e ] |

__ Transfer cycles for one block _:

Buscycle  X_CPU X CPU X DMAC X DMAC X DMAC ;XCPU X
: —_
No CPU cycle generated

TEND : | I

Figure7.10 Operationsin Block Transfer Mode

——

Address T —»|__ _—
| ~— DACk
( l | Block ]

BKSZH x L
data access size

Address B —»

/\/

Figure7.11 Operation in Single AddressModein Block Transfer Mode
(Block Area Specified)
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Address T,

Address B,

—~—

—_—

[

First block

BKSZH x
data access size

i

Y

—_—

Second block

Nth block

First block

Total transfer
size (DTCR)

Second block =

Nth block

/_\/

~<— Address Tg

Y

~—— Address By

Figure7.12 Operation in Dual AddressModein Block Transfer Mode
(Block Area Not Specified)
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7.5.3 Activation Sources

The DMAC is activated by an auto request, an on-chip module interrupt, and an external request.
The activation source is specified by bits DTF1 and DTFO in DMDR.

(1) Activation by Auto Request

The auto request activation is used when a transfer request from an external device or an on-chip
peripheral module is not generated such as a transfer between memory and memory or between
memory and an on-chip peripheral module which does not request a transfer. A transfer request is
automatically generated inside the DMAC. In auto request activation, setting the DTE bit in
DMDR starts a transfer. The bus mode can be selected from cycle stealing and burst modes.

(2) Activation by On-Chip Module Interrupt

An interrupt request from an on-chip peripheral module (on-chip peripheral module interrupt) is
used as a transfer request. When a DMA transfer is enabled (DTE = 1), the DMA transfer is
started by an on-chip module interrupt.

The activation source of the on-chip module interrupt is selected by the DMA module request
select register (DMRSR). The activation sources are specified to the individual channels. Table
7.5 is a list of on-chip module interrupts for the DMAC. The interrupt request selected as the
activation source can generate an interrupt request simultaneously to the CPU or DTC. For details,
refer to section 5, Interrupt Controller.

The DMAC receives interrupt requests by on-chip peripheral modules independent of the interrupt
controller. Therefore, the DMAC is not affected by priority given in the interrupt controller.

When the DMAC is activated while DTA = 1, the interrupt request flag is automatically cleared by
a DMA transfer. If multiple channels use a single transfer request as an activation source, when
the channel having priority is activated, the interrupt request flag is cleared. In this case, other
channels may not be activated because the transfer request is not held in the DMAC.

When the DMAC is activated while DTA = 0, the interrupt request flag is not cleared by the
DMAC and should be cleared by the CPU or DTC transfer.

When an activation source is selected while DTE = 0, the activation source does not request a
transfer to the DMAC. It requests an interrupt to the CPU or DTC.

In addition, make sure that an interrupt request flag as an on-chip module interrupt source is
cleared to 0 before writing 1 to the DTE bit.
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Table7.5 List of On-chip moduleinterruptsto DMAC

DMRSR
On-Chip  (Vector

On-Chip Module Interrupt Source Module Number)
ADI (conversion end interrupt for A/D converter) A/D 86
TGIOA (TGIOA input capture/compare match) TPU_O 88
TGI1A (TGI1A input capture/compare match) TPU_1 93
TGI2A (TGI2A input capture/compare match) TPU_2 97
TGI3A (TGI3A input capture/compare match) TPU_3 101
TGI4A (TGI4A input capture/compare match) TPU_4 106
TGI5A (TGI5A input capture/compare match) TPU_5 110
RXIO (receive data full interrupt for SCI channel 0) SCI_0 145
TXIO (transmit data empty interrupt for SCI channel 0) SCI_0 146
RXI1 (receive data full interrupt for SCI channel 1) SCI_1 149
TXI1 (transmit data empty interrupt for SCI channel 1) SCI_1 150
RXI2 (receive data full interrupt for SCI channel 2) SCI_2 153
TXI2 (transmit data empty interrupt for SCI channel 2) SCI_2 154
RXI3 (receive data full interrupt for SCI channel 3) SCI_3 157
TXI3 (transmit data empty interrupt for SCI channel 3) SCI_3 158
RXl4 (receive data full interrupt for SCI channel 4) SCI_4 161
TXI4 (transmit data empty interrupt for SCI channel 4) SCI_4 162

(3) Activation by External Request

A transfer is started by a transfer request signal (DREQ) from an external device. When a DMA
transfer is enabled (DTE = 1), the DMA transfer is started by the DREQ assertion. When a DMA
transfer in internal space is performed, select an activation source from the auto request and on-
chip module interrupt (the external request cannot be used).

A transfer request signal is input to the DREQ pin. The DREQ signal is detected on the falling
edge or low level. Whether the falling edge or low level detection is used is selected by the
DREQS bit in DMDR. To perform a block transfer, select the low level detection (DREQS = 0).

When an external request is selected as an activation source, clear the DDR bit to O and set the
ICR bit to 1 for the corresponding pin. For details, see section 9, I/O Ports.
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754 Bus Access M odes
There are two types of bus access modes: cycle stealing and burst.

When an activation source is the auto request, the cycle stealing or burst mode is selected by bit
DTFO in DMDR. When an activation source is the on-chip module interrupt or external request,
the cycle stealing mode is selected.

(1) Cycle Stealing Mode

In cycle stealing mode, the DMAC releases the bus every time one unit of transfers (byte, word,
longword, or 1-block size) is completed. After that, when a transfer is requested, the DMAC
obtains the bus to transfer 1-unit data and then releases the bus on completion of the transfer. This
operation is continued until the transfer end condition is satisfied.

When a transfer is requested to another channel during a DMA transfer, the DMAC releases the
bus and then transfers data for the requested channel. For details on operations when a transfer is
requested to multiple channels, see section 7.5.8, Priority of Channels.

Figure 7.13 shows an example of timing in cycle stealing mode. The transfer conditions are as
follows:

e Address mode: Single address mode
e Sampling method of the DREQ signal: Low level detection

DREQ |

Buscycle X" cpu X_cpu X bmac_X_cpu X__bmac_X cru X
S~/

Bus released temporarily for the CPU

Figure7.13 Exampleof Timingin Cycle Stealing M ode
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(2) Burst AccessMode

In burst mode, once it takes the bus, the DMAC continues a transfer without releasing the bus until
the transfer end condition is satisfied. Even if a transfer is requested from another channel having
priority, the transfer is not stopped once it is started. The DMAC releases the bus in the next cycle
after the transfer for the channel in burst mode is completed. This is similarly to operation in cycle
stealing mode. However, setting the IBCCS bit in IBCR of the bus controller makes the DMAC
release the bus to pass the bus to another bus master.

In block transfer mode, the burst mode setting is ignored (operation is the same as that in burst
mode during one block of transfers). The DMAC is always operated in cycle stealing mode.

Clearing the DTE bit in DMDR stops a DMA transfer. A transfer requested before the DTE bit is
cleared to 0 by the DMAC is executed. When an interrupt by a transfer size error, a repeat size
end, or an extended repeat area overflow occurs, the DTE bit is cleared to 0 and the transfer ends.

Figure 7.14 shows an example of timing in burst mode.

Busoycle X cpu X cpu X pmac X pmac X omac X cpu X cru X
;/

No CPU cycle generated

Figure7.14 Exampleof Timingin Burst Mode

755 Extended Repeat Area Function

The source and destination address sides can be specified as the extended repeat area. The contents
of the address register repeat addresses within the area specified as the extended repeat area. For
example, to use a ring buffer as the transfer target, the contents of the address register should
return to the start address of the buffer every time the contents reach the end address of the buffer
(overflow on the ring buffer address). This operation can automatically be performed using the
extended repeat area function of the DMAC.

The extended repeat areas can be specified independently to the source address register (DSAR)
and destination address register (DDAR).

The extended repeat area on the source address is specified by bits SARA4 to SARAO in DACR.
The extended repeat area on the destination address is specified by bits DARA4 to DARAO in
DACR. The extended repeat area sizes for each side can be specified independently.
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A DMA transfer is stopped and an interrupt by an extended repeat area overflow can be requested
to the CPU when the contents of the address register reach the end address of the extended repeat
area. When an overflow on the extended repeat area set in DSAR occurs while the SARIE bit in
DACR is set to 1, the ESIF bit in DMDR is set to 1 and the DTE bit in DMDR is cleared to O to
stop the transfer. At this time, if the ESIE bit in DMDR is set to 1, an interrupt by an extended
repeat area overflow is requested to the CPU. When the DARIE bit in DACR is set to 1, an
overflow on the extended repeat area set in DDAR occurs, meaning that the destination side is a
target. During the interrupt handling, setting the DTE bit in DMDR resumes the transfer.

Figure 7.15 shows an example of the extended repeat area operation.

When the area represented by the lower three bits of DSAR (eight bytes)
is specified as the extended repeat area (SARA4 to SARAQO = B'00011)
External memory

: Area specified
H23FFFE by DSAR
H'23FFFF
H240000 |~ [H240000 |~ Repeat
H'240001 H'240001
H'240002 H'240002
H'240003 H'240003
H'240004 H'240004
H'240005 H'240005
H'240006 H'240006
H'240007 H'240007 X
Taa0001 " — An interrupt request by extended repeat area
overflow can be generated.
H'240009

Figure7.15 Example of Extended Repeat Area Operation
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When an interrupt by an extended repeat area overflow is used in block transfer mode, the
following should be taken into consideration.

When a transfer is stopped by an interrupt by an extended repeat area overflow, the address
register must be set so that the block size is a power of 2 or the block size boundary is aligned with
the extended repeat area boundary. When an overflow on the extended repeat area occurs during a
transfer of one block, the interrupt by the overflow is suspended and the transfer overruns.

Figure 7.16 shows examples when the extended repeat area function is used in block transfer
mode.

When the are represented by the lower three bits (eight bytes) of DSAR are specified as the extended
repeat area (SARA4 to SARAOQ = 3) and the block size in block transfer mode is specified to 5 (bits 23
to 16 in DTCR = 5).

External memory Area specified 1st block 2nd block
: by DSAR transfer transfer
H'23FFFE
H'23FFFF
H'240000 H'240000 H'240000 H'240000
H'240001 H'240001 H'240001 H'240001
H'240002 H'240002 H'240002 Interrupt
request
H'240003 H'240003 H'240003 generated
H'240004 H'240004 H'240004
H'240005 H'240005 H'240005
H'240006 H'240006 H'240006
H'240007 H'240007 H'240007
1240008 Bloc!( transfer
continued
H'240009

Figure7.16 Example of Extended Repeat Area Function in Block Transfer Mode

75.6 Address Update Function using Offset

The source and destination addresses are updated by fixing, increment/decrement by 1, 2, or 4, or
offset addition. When the offset addition is selected, the offset specified by the offset register
(DOFR) is added to the address every time the DMAC transfers the data access size of data. This
function realizes a data transfer where addresses are allocated to separated areas.

Figure 7.17 shows the address update method.
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o 0 D204 N
D + offset
o J
\
)
o) +
< )
o
BB 4
Address not Data access size Offset is added to address
updated added to or subtracted (addresses are not
from address (addresses continuous)
are continuous)
(a) Address fixed (b) Increment or decrement (c) Offset addition

by 1,2,0or4

Figure7.17 AddressUpdate Method

In item (a), Address fixed, the transfer source or destination address is not updated indicating the
same address.

In item (b), Increment or decrement by 1, 2, or 4, the transfer source or destination address is
incremented or decremented by the value according to the data access size at each transfer. Byte,
word, or longword can be specified as the data access size. The value of 1 for byte, 2 for word, and
4 for longword is used for updating the address. This operation realizes the data transfer placed in
consecutive areas.

In item (c), Offset addition, the address update does not depend on the data access size. The offset
specified by DOFR is added to the address every time the DMAC transfers data of the data access
size.

The address is calculated by the offset set in DOFR and the contents of DSAR and DDAR.
Although the DMAC calculates only addition, an offset subtraction can be realized by setting the
negative value in DOFR. In this case, the negative value must be 2's complement.
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(1) Basic Transfer Using Offset

Figure 7.18 shows a basic operation of a transfer using the offset addition.

T ~— T ~— 1

s Data 1 Address A1 Data 1 Address B1
Data? | Address B2 = Address B1 + 4
Data 3 Address B3 = Address B2 + 4
Offset < % Data 4 Address B4 = Address B3 + 4

Data 5 Address B5 = Address B4 + 4

N\

Data 2 Address A2 %
= Address A1 + Offset

/\_/
Offset < [ —~—

Data 3 Address A3
= Address A2 + Offset

N7

Offset < [ —=

Transfer source: Offset addition
Transfer destination: Increment by 4 (longword)

N\

Data 4 Address A4
= Address A3 + Offset

——————
Offset < [ —F

~ Data 5 Address A5
= Address A4 + Offset

Figure7.18 Operation of Offset Addition

In figure 7.18, the offset addition is selected as the transfer source address update and increment or
decrement by 1, 2, or 4 is selected as the transfer destination address. The address update means
that data at the address which is away from the previous transfer source address by the offset is
read from. The data read from the address away from the previous address is written to the
consecutive area in the destination side.
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(2) XY Conversion Using Offset

Figure 7.19 shows the XY conversion using the offset addition in repeat transfer mode.

Datal | Data5 |Data9 |Data13 1sttransfer —»| Data1 [Data2 | Data3 Data 4
Data 2 Data6 |Data 10 |Data 14 - 2nd transfer—p-| Data 5 Data 6 Data 7 Data 8
Data3 | Data7 |Data11 |Data15 m 3rd transfer —p-| Data9 |Data 10 | Data 11 | Data 12
Data4 | Data8 |Data12 |Data 16 4th transfer —>| Data 13 | Data 14 | Data 15 | Data 16

1st transfer 2nd transfer Tyansfer source 3'd transfer
addresses
,\/ ,\/ changed ’\./ ’\./
___________ by CPU -
Data 1 _ | Data 1 ] Data 1 Data 1
Offset Data 5 Address | Datas > Dalas :l Data 2 1st transfer
Data 9 initialized | Data 9 Address | Data 9 Data 3
Data13 | | ______ Data 13 initialized | Data 13 | Transfer source| | Data4 |
Data 2 Data2 | | Data 2 addresses Data 5
Offset < [2ala6 | Rala6 | [Daae | D085 Duwab
Data 10 Data 10 Data 10 Data 7 2nd transfer
Data14 | | __ Data 14 Data 14 Data 8
Data 3 Data 3 I Data 3 Data 9
Data 7 Data 7 Data 7 Data 10
Offset 4 Bata 11 Data 11 Data 11 A Data 11 | | 2r ranster
Data15 | | Data 15 Data 15 1 Datai2 |
Datad F— » Datad | | Data 4 | Data 13
Data 8 Interrupt Data8 |—— , Data 8 Data 14 4
th transfer
Data 12 request Data 12 Data 12 |—— Data 15
generated Interrupt
Data 16 Data 16 request Data 16 Interrupt y| Data16 | |
generated request
—~_ —~_ —_ generated —_

Figure7.19 XY Conversion Operation Using Offset Addition in Repeat Transfer Mode

In figure 7.19, the source address side is specified to the repeat area by DACR and the offset
addition is selected. The offset value is set to 4 x data access size (when the data access size is
longword, H'00000010 is set in DOFR, as an example). The repeat size is set to 4 x data access
size (when the data access size is longword, the repeat size is set to 4 x 4 = 16 bytes, as an
example). The increment or decrement by 1, 2, or 4 is specified as the transfer destination address.
A repeat size end interrupt is requested when the repeat size of transfers is completed.
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When a transfer starts, the transfer source address is added to the offset every time data is
transferred. The transfer data is written to the destination continuous addresses. When data 4 is
transferred meaning that the repeat size of transfers is completed, the transfer source address
returns to the transfer start address (address of data 1 on the transfer source) and a repeat size end
interrupt is requested. While this interrupt stops the transfer temporarily, the contents of DSAR are
written to the address of data 5 by the CPU (when the data access size is longword, write the data

1 address + 4). When the DTE bit in DMDR is set to 1, the transfer is resumed from the state when
the transfer is stopped. Accordingly, operations are repeated and the transfer source data is
transposed to the destination area (XY conversion).
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Figure 7.20 shows a flowchart of the XY conversion.

|| Set address and transfer count ||
I

|| Set repeat transfer mode ||
|

|| Enable repeat escape interrupt ||

|| Set DTE bitto 1 ||

| Receives transfer request |
T

| Transfers data |

Decrements transfer count
and repeat size

No
Transfer count = 0?

Yes

N

Yes

| Initializes transfer source addressl
|

Generates repeat size end
interrupt request

|| Set transfer source address + 4 ||

(Longword transfer)

End

: User operation I:l : DMAC operation

Figure7.20 XY Conversion Flowchart Using Offset Addition in Repeat Transfer Mode
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(3) Offset Subtraction

When setting the negative value in DOFR, the offset value must be 2's complement. The 2's
complement is obtained by the following formula.

2's complement of offset = 1 + ~offset (~: bit inversion)

Example: 2's complement of H'0001FFFF
= H'FFFE0000 + H'00000001
= H'FFFE0001

The value of 2's complement can be obtained by the NEG.L instruction.

75.7 Register during DMA Transfer

The DMAC registers are updated by a DMA transfer. The value to be updated differs according to
the other settings and transfer state. The registers to be updated are DSAR, DDAR, DTCR, bits
BKSZH and BKSZ in DBSR, and the DTE, ACT, ERRF, ESIF, and DTIF bits in DMDR.

(1) DMA Source Address Register

When the transfer source address set in DSAR 1is accessed, the contents of DSAR are output and
then are updated to the next address.

The increment or decrement can be specified by bits SAT1 and SATO in DACR. When SAT1 and
SATO = B'00, the address is fixed. When SAT1 and SATO = B'01, the address is added with the
offset. When SAT1 and SATO = B'10, the address is incremented. When SAT1 and SATO=B'11,
the address is decremented. The size of increment or decrement depends on the data access size.

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 and DTSZ0
= B'00, the data access size is byte and the address is incremented or decremented by 1. When
DTSZ1 and DTSZO0 = B'01, the data access size is word and the address is incremented or
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword and the
address is incremented or decremented by 4. Even if the access data size of the source address is
word or longword, when the source address is not aligned with the word or longword boundary,
the read bus cycle is divided into byte or word cycles. While data of one word or one longword is
being read, the size of increment or decrement is changing according to the actual data access size,
for example, +1 or +2 for byte or word data. After one word or one longword of data is read, the
address when the read cycle is started is incremented or decremented by the value according to
bits SAT1 and SATO.
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In block or repeat transfer mode, when the block or repeat size of data transfers is completed while
the block or repeat area is specified to the source address side, the source address returns to the
transfer start address and is not affected by the address update.

When the extended repeat area is specified to the source address side, operation follows the
setting. The upper address bits are fixed and is not affected by the address update.

While data is being transferred, DSAR must be accessed in longwords. If the upper word and
lower word are read separately, incorrect data may be read from since the contents of DSAR
during the transfer may be updated regardless of the access by the CPU. Moreover, DSAR for the
channel being transferred must not be written to.

(2) DMA Destination Address Register

When the transfer destination address set in DDAR is accessed, the contents of DDAR are output
and then are updated to the next address.

The increment or decrement can be specified by bits DAT1 and DATO in DACR. When DAT1
and DATO = B'00, the address is fixed. When DAT1 and DATO = B'01, the address is added with
the offset. When DAT1 and DATO = B'10, the address is incremented. When DAT1 and DATO =
B'l11, the address is decremented. The incrementing or decrementing size depends on the data
access size.

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 and DTSZ0
= B'00, the data access size is byte and the address is incremented or decremented by 1. When
DTSZ1 and DTSZ0 = B'01, the data access size is word and the address is incremented or
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword and the
address is incremented or decremented by 4. Even if the access data size of the destination address
is word or longword, when the destination address is not aligned with the word or longword
boundary, the write bus cycle is divided into byte and word cycles. While one word or one
longword of data is being written, the incrementing or decrementing size is changing according to
the actual data access size, for example, +1 or +2 for byte or word data. After the one word or one
longword of data is written, the address when the write cycle is started is incremented or
decremented by the value according to bits SAT1 and SATO.

In block or repeat transfer mode, when the block or repeat size of data transfers is completed while
the block or repeat area is specified to the destination address side, the destination address returns
to the transfer start address and is not affected by the address update.
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When the extended repeat area is specified to the destination address side, operation follows the
setting. The upper address bits are fixed and is not affected by the address update.

While data is being transferred, DDAR must be accessed in longwords. If the upper word and
lower word are read separately, incorrect data may be read from since the contents of DDAR
during the transfer may be updated regardless of the access by the CPU. Moreover, DDAR for the
channel being transferred must not be written to.

(3) DMA Transfer Count Register (DTCR)

A DMA transfer decrements the contents of DTCR by the transferred bytes. When byte data is
transferred, DTCR is decremented by 1. When word data is transferred, DTCR is decremented by
2. When longword data is transferred, DTCR is decremented by 4. However, when DTCR = 0, the
contents of DTCR are not changed since the number of transfers is not counted.

While data is being transferred, all the bits of DTCR may be changed. DTCR must be accessed in
longwords. If the upper word and lower word are read separately, incorrect data may be read from
since the contents of DTCR during the transfer may be updated regardless of the access by the
CPU. Moreover, DTCR for the channel being transferred must not be written to.

When a conflict occurs between the address update by DMA transfer and write access by the CPU,
the CPU has priority. When a conflict occurs between change from 1, 2, or 4 to 0 in DTCR and
write access by the CPU (other than 0), the CPU has priority in writing to DTCR. However, the
transfer is stopped.

(4) DMA Block Size Register (DBSR)

DBSR is enabled in block or repeat transfer mode. Bits 31 to 16 in DBSR function as BKSZH and
bits 15 to 0 in DBSR function as BKSZ. The BKSZH bits (16 bits) store the block size and repeat
size and its value is not changed. The BKSZ bits (16 bits) function as a counter for the block size
and repeat size and its value is decremented every transfer by 1. When the BKSZ value is to
change from 1 to 0 by a DMA transfer, O is not stored but the BKSZH value is loaded into the
BKSZ bits.

Since the upper 16 bits of DBSR are not updated, DBSR can be accessed in words.

DBSR for the channel being transferred must not be written to.
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(5) DTE Bitin DMDR

Although the DTE bit in DMDR enables or disables data transfer by the CPU write access, it is
automatically cleared to 0 according to the DMA transfer state by the DMAC.

The conditions for clearing the DTE bit by the DMAC are as follows:

e When the total size of transfers is completed

e When a transfer is completed by a transfer size error interrupt

e When a transfer is completed by a repeat size end interrupt

e When a transfer is completed by an extended repeat area overflow interrupt
e  When a transfer is stopped by an NMI interrupt

e When a transfer is stopped by and address error

e Reset state

e Hardware standby mode

e When a transfer is stopped by writing O to the DTE bit

Writing to the registers for the channels when the corresponding DTE bit is set to 1 is prohibited
(except for the DTE bit). When changing the register settings after writing O to the DTE bit,
confirm that the DTE bit has been cleared to 0.

Figure 7.21 show the procedure for changing the register settings for the channel being
transferred.

Changing register settings [1] Write O to the DTE bit in DMDR.
of channel during operation
| [2] Read the DTE bit.
| Write 0 to DTE bit [ A
T [3] Confirm that DTE = 0. DTE =1
- indicates that DMA is transferring.
| Read DTE bit | 2]

[4] Write the desired values to the
3] registers.
@ No

| Change register settings | [4]
|

End of changing
register settings

Figure7.21 Procedurefor Changing Register Setting For Channel being Transferred
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(6) ACT Bitin DMDR

The ACT bit in DMDR indicates whether the DMAC is in the idle or active state. When DTE =0
or DTE =1 and the DMAC is waiting for a transfer request, the ACT bit is 0. Otherwise (the
DMALC is in the active state), the ACT bit is 1. When individual transfers are stopped by writing 0
and the transfer is not completed, the ACT bit retains 1.

In block transfer mode, even if individual transfers are stopped by writing O to the DTE bit, the 1-
block size of transfers is not stopped. The ACT bit retains 1 from writing O to the DTE bit to
completion of a 1-block size transfer.

In burst mode, up to three times of DMA transfer are performed from the cycle in which the DTE
bit is written to 0. The ACT bit retains 1 from writing O to the DTE bit to completion of DMA
transfer.

(7) ERRF Bitin DMDR

When an address error or an NMI interrupt occur, the DMAC clears the DTE bits for all the
channels to stop a transfer. In addition, it sets the ERRF bit in DMDR_0 to 1 to indicate that an
address error or an NMI interrupt has occurred regardless of whether or not the DMAC is in
operation.

(8) ESIFBitin DMDR

When an interrupt by an transfer size error, a repeat size end, or an extended repeat area overflow
is requested, the ESIF bit in DMDR is set to 1. When both the ESIF and ESIE bits are setto 1, a
transfer escape interrupt is requested to the CPU or DTC.

The ESIF bit is set to 1 when the ACT bit in DMDR is cleared to O to stop a transfer after the bus
cycle of the interrupt source is completed.

The ESIF bit is automatically cleared to 0 and a transfer request is cleared if the transfer is
resumed by setting the DTE bit to 1 during interrupt handling.

For details on interrupts, see section 7.8, Interrupt Sources.
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(9) DTIF Bitin DMDR

The DTIF bit in DMDR is set to 1 after the total transfer size of transfers is completed. When both
the DTIF and DTIE bits in DMDR are set to 1, a transfer end interrupt by the transfer counter is
requested to the CPU or DTC.

The DTIF bit is set to 1 when the ACT bit in DMDR is cleared to O to stop a transfer after the bus
cycle is completed.

The DTIF bit is automatically cleared to 0 and a transfer request is cleared if the transfer is
resumed by setting the DTE bit to 1 during interrupt handling.

For details on interrupts, see section 7.8, Interrupt Sources.

75.8 Priority of Channels

The channels of the DMAC are given following priority levels: channel 0 > channel 1 >
channel 2 > channel3. Table 7.6 shows the priority levels among the DMAC channels.

Table7.6 Priority among DMAC Channels

Channel Priority
Channel 0 High
Channel 1

Channel 2

Channel 3 Low

The channel having highest priority other than the channel being transferred is selected when a
transfer is requested from other channels. The selected channel starts the transfer after the channel
being transferred releases the bus. At this time, when a bus master other than the DMAC requests
the bus, the cycle for the bus master is inserted.

In a burst transfer or a block transfer, channels are not switched.

Rev.2.00 Jun. 28, 2007 Page 281 of 784
RENESAS REJ09B248-0200



Section 7 DMA Controller (DMAC)

Figure 7.22 shows a transfer example when multiple transfer requests from channels O to 2.

Channel 2 transfer

Channel 0 transfer Channel 1 transfer
: : : ——— -~ a

Address bus ):( X_Channel 0 XiéiSased X___Channel 1 X rafSasea X Channel 2
' ; : ! : | g T ) g - - f
| ' ' 1 ' ' ' ' ' ' H ' |
H ' ' I ' ' ' ' ' ' H ' H

DMAC . - - - - - : - . -

operation X Waitl X ?hannel 0 X Chalnnel 1 . X Char]nel 2 . . Wait . :
Channel 0 /E B Request cleared! / : : : : : : E E E
h 11 E : E B Requeét clearedi E \ E E ! E E
Channe /: 'Request -Selected-\ . - - . : "
: \retained i ' ' / ' | i . | '
Chamnelz /' : : : : : NRequest cleared! : : i :
/: iRequest 1 Not 1Request | :Selected:?\ T T T 0 T :
! Iretained Eselectediretained : : : ' E . i E ;

Figure7.22 Exampleof Timingfor Channel Priority
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759 DMA Basic BusCycle

Figure 7.23 shows an examples of signal timing of a basic bus cycle. In figure 7.23, data is
transferred in words from the 16-bit 2-state access space to the 8-bit 3-state access space. When
the bus mastership is passed from the DMAC to the CPU, data is read from the source address and
it is written to the destination address. The bus is not released between the read and write cycles
by other bus requests. DMAC bus cycles follows the bus controller settings.

CPU cycle | DMAC cycle (one word transfer) |CPU cycle
T, T, T, T, Ty T, T, Ty .
SN [ I I I
E Source address Destination address i

Address bus X X x ,X

S

LHWR High

I I S I

Figure7.23 Example of Bus Timing of DMA Transfer
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7510 BusCyclesin Dual AddressMode
(1) Normal Transfer Mode (Cycle Stealing M ode)

In cycle stealing mode, the bus is released every time one transfer size of data (one byte, one
word, or one longword) is completed. One bus cycle or more by the CPU or DTC are executed in
the bus released cycles.

In figure 7.24, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in normal transfer
mode by cycle stealing.

DMAread , DMA write DMA read DMA write | , DMAread = DMA write
1 cycle ' cycle i . cycle . cycle ' 1 cycle 1 cycle .
< >

Address bus X X X‘,:X x X ‘;_x X X_

' -~
Bus
| d Bus Bus Last transfer cycle Bus
release
released released released

Figure7.24 Exampleof Transfer in Normal Transfer M ode by Cycle Stealing

In figures 7.25 and 7.26, the TEND signal output is enabled and data is transferred in longwords
from the external 16-bit 2-state access space to the 16-bit 2-state access space in normal transfer
mode by cycle stealing.

In figure 7.25, the transfer source (DSAR) is not aligned with a longword boundary and the
transfer destination (DDAR) is aligned with a longword boundary.

In figure 7.26, the transfer source (DSAR) is aligned with a longword boundary and the transfer
destination (DDAR) is not aligned with a longword boundary.
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DMA byte DMA word DMA byte DMA word ~ DMA word DMA byte DMA word DMA byte DMA word ~ DMA word

1 read cycle 1 readcycle . read cycle , write cycle , write cycle | 1 readcycle | readcycle , readcycle , write cycle | write cycle |
1 L 1

Bo |—||—|' |—||‘|' |—|'|—||—|'|—||—|'|—||—||'?'?]'|—||—||—|' |—||—|' |—||—|' |—||—|' |—||—|'

Address X4m+1X4m+2 X4m+4x an X 4an+2 )1 X4m+5X4m+6X4m+8X4n+4X4n+6x

bus ' ' o : :
T |‘| |—| : T : :
CAWR ; . 5 | || |:“E 5 E | ||_|
. : . : : b : : : : :
LLWR ' v ' ! | I_—l I T ! ! ! I_I‘"‘_,_'_
TEND — : : : : | E E i E —
. ! : : : . ! —
Bus ' ' Bus Last transfer cycle Bus
released released released

m and n are integers.

Figure7.25 Exampleof Transfer in Normal Transfer M ode by Cycle Stealing
(Transfer Source DSAR = Odd Addressand Sour ce Address | ncrement)

DMA word DMA word  DMA byte DMA word DMA byte DMA word DMA word ~ DMA byte DMA word DMA byte

1 readcycle | readcycle | write cycle | write cycle , write cycle 1 read cycle , read cycle , write cycle , write cycle | write cycle |
' L i

Bo ||I||||||||||||||||||||‘3|||||||||||||||||||||||
Address )\ 4m X4m+2X4n+5X4n+6X4n+8X“ X4m+4X4m+6X4n+1X4n+2X4n+4X

L M|

\\
(¢

TEND : — 5 —
: | -
Bus Bus Last transfer cycle Bus
released released released

m and n are integers.

Figure7.26 Exampleof Transfer in Normal Transfer M ode by Cycle Stealing
(Transfer Destination DDAR = Odd Address and Destination Address Decrement)
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(2) Normal Transfer Mode (Burst Mode)

In burst mode, one byte, one word, or one longword of data continues to be transferred until the
transfer end condition is satisfied.

When a burst transfer starts, a transfer request from a channel having priority is suspended until
the burst transfer is completed.

In figure 7.27, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in normal transfer
mode by burst access.

) DMA read cycle 1DMA write cycle + DMA read cycle « DMA write cycle, DMA read cycle ) DMA write cyclel
— - e i e
1 ' [l ' i 1 1

Bo I | I | | | | |_| |_| |_| |_I |_| |—| |—| |—] |—| |—' |—
Address bus x X X X x X X

. i | | . .
CAWR, LLWR | - | | | : | | i | | |
i ! | | i i
I i ! i I I
I 0 T - - ' f—
TEND : : : : !
1 ' 1 1
> | : : » ' - <
\ i ! 1 I !
Bus ' Last transfer cycle |, Bus
rel d '
-

_ i released
=

Burst transfer !

Figure7.27 Exampleof Transfer in Normal Transfer Mode by Burst Access
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(3) Block Transfer Mode

In block transfer mode, the bus is released every time a 1-block size of transfers at a single transfer
request is completed.

In figure 7.28, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in block transfer
mode.

+ DMAread , DMA write . DMAread , DMA write DMA read, DMA write, DMA read ! DMA write ,
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\ |
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Figure7.28 Exampleof Transfer in Block Transfer Mode
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(4) Activation Timing by DREQ Falling Edge
Figure 7.29 shows an example of normal transfer mode activated by the DREQ signal falling edge.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the DMA write cycle,
receiving the next transfer request resumes and then a low level of the DREQ signal is detected.
This operation is repeated until the transfer is completed.
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[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level of the
DREQ signal.

[4][7]1 When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure7.29 Exampleof Transfer in Normal Transfer M ode Activated
by DREQ Falling Edge
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Figure 7.30 shows an example of block transfer mode activated by the DREQ signal falling edge.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately

after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the DMA write cycle,
receiving the next transfer request resumes and then a low level of the DREQ signal is detected.

This operation is repeated until

the transfer is completed.
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[4]
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Transfer request enable resumed

[2][5] The DMAC is activated and the transfer request is cleared.
[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level of the

DREQ signal.

[6]

'
- Reque: Duranon of transfer /_\_
= ‘request disable

'

'

7

Transfer request enable resumed

After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer

[4][7]1 When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure7.30 Exampleof Transfer in Block Transfer Mode Activated

by DREQ Falling Edge
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(5) Activation Timing by DREQ Low Level
Figure 7.31 shows an example of normal transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.
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dad Write X Wait

)
[
o
Q

operation _ Wait

Write ' X Wait
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B B P
1 1 !
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@ [3] 4 [8 [6] [7]
Transfer request enable resumed Transfer request enable resumed

[1]1  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure7.31 Exampleof Transfer in Normal Transfer Mode Activated
by DREQ Low Level
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Figure 7.32 shows an example of block transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.
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[11  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure7.32 Exampleof Transfer in Block Transfer M ode Activated
by DREQ Low Level
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(6) Activation Timing by DREQ Low Level with NRD =1

When the NRD bit in DMDR is set to 1, the timing of receiving the next transfer request is
delayed for one cycle.

Figure 7.33 shows an example of normal transfer mode activated by the DREQ signal low level
with NRD = 1.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.

) DMA read , DMA read , , DMA read \ DMA read \
Bus released i« cycle . cycle .  Busreleased | cycle 1 cycle . Busreleased
l I l I I I
, | | | , | | |
B¢ I | ; | l |z 3| I_I I_l I_I I_l U I—l L
] g 7 |
| | I
) b : b)Y b)Y : :
DREQ -/ . f
| |

—\ !/ :

'
'
'
'
)
¢
'
'
—_—
[ Transfer ransfer 1 ransfer
Addressbus____ | 0 e - 0 slice X _aedinaton )
T L 7 1 T n T
'
'
'
'
'
'
'
d

Duration of transfer request Duration of transfer request
disabled which is extended disabled which is extended

) by NRD 1 - . by NRD
1 Duration of transfer
Channel Duration of_transfer > ol |
Request’ request disabled o ifRequest\__g request disabled L e

L ! ! — ! ! o

1 H 1 1 1 1 H 1 1 1 '

1 . 1 1 1 1 1 1 1 !

! Mln; of 3cycles ! ! ! | Min.of 3cycles | H . \
P ' ' —————————— P ' ' '
v T | ' ' ' T | ' ' '

1 N 1 1 1 1 1 1 1 1

' ' ' ' ' ' ' ' ' '

Mm@ 3] 4 [5] (6] 7]
Transfer request enable resumed Transfer request enable resumed

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 7.33 Exampleof Transfer in Normal Transfer Mode Activated
by DREQ Low L evel with NRD =1
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7511 BusCyclesin Single Address Mode
(1) Single Address Mode (Read and Cycle Stealing)

In single address mode, one byte, one word, or one longword of data is transferred at a single
transfer request and after the transfer the bus is released temporarily. One bus cycle or more by the
CPU or DTC are executed in the bus released cycles.

In figure 7.34, the TEND signal output is enabled and data is transferred in bytes from the external
8-bit 2-state access space to the external device in single address mode (read).

DMA read DMA read DMA read DMA read
cycle cycle cycle cycle
e e ~——

Address bus x ({;:)( %;:x é‘;:x x:

®
DACK 1 :P{S:I ﬁil Pfl '_

[ Vo \ \
TEND 1 A R R | I
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Bus Bus Bus Bus Lasttransfer Bus
rel d rel d released released cycle released

Figure7.34 Exampleof Transfer in Single Address M ode (Byte Read)
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(2) Single Address Mode (Write and Cycle Stealing)

In single address mode, data of one byte, one word, or one longword is transferred at a single
transfer request and after the transfer the bus is released temporarily. One bus cycle or more by the
CPU or DTC are executed in the bus released cycles.

In figure 7.35, the TEND signal output is enabled and data is transferred in bytes from the external
8-bit 2-state access space to the external device in single address mode (write).

DMA write DMA write DMA write DMA write
! cycle ! cycle ! ! cycle 1 cycle

Address bus X Xﬁj:x; IX:;A:X

' '
Bus Bus Bus Bus Last transfer Bus
released released released released cycle  released

Figure7.35 Exampleof Transfer in Single Address M ode (Byte Write)
(3) Adctivation Timing by DREQ Falling Edge
Figure 7.36 shows an example of single address mode activated by the DREQ signal falling edge.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the single cycle, receiving
the next transfer request resumes and then a low level of the DREQ signal is detected. This
operation is repeated until the transfer is completed.
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[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level of the
DREQ signal.

[4][7] When a high level of the DREQ signal has been detected, transfer enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure7.36 Exampleof Transfer in Single Address M ode Activated
by DREQ Falling Edge
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(4) Activation Timing by DREQ Low Level
Figure 7.37 shows an example of normal transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the single cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.
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[1] After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure7.37 Exampleof Transfer in Single Address M ode Activated
by DREQ Low Level
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(5) Activation Timing by DREQ Low Level with NRD =1

When the NRD bit in DMDR is set to 1, the timing of receiving the next transfer request is
delayed for one cycle.

Figure 7.38 shows an example of single address mode activated by the DREQ signal low level
with NRD = 1.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after one cycle of the transfer
request duration inserted by NRD = 1 on completion of the single cycle and then a low level of the
DREQ signal is detected. This operation is repeated until the transfer is completed.
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[1]1  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure7.38 Exampleof Transfer in Single Address Mode Activated
by DREQ Low L evel with NRD =1
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7.6 DMA Transfer End

Operations on completion of a transfer differ according to the transfer end condition. DMA
transfer completion is indicated that the DTE and ACT bits in DMDR are changed from 1 to 0.

(1) Transfer End by DTCR Changefrom 1,2, or 4,t00

When DTCR is changed from 1, 2, or 4 to 0, a DMA transfer for the channel is completed. The
DTE bit in DMDR is cleared to 0 and the DTIF bit in DMDR is set to 1. At this time, when the
DTIE bit in DMDR s set to 1, a transfer end interrupt by the transfer counter is requested. When
the DTCR value is 0 before the transfer, the transfer is not stopped.

(2) Transfer End by Transfer Size Error Interrupt

When the following conditions are satisfied while the TSEIE bit in DMDR is set to 1, a transfer
size error occurs and a DMA transfer is terminated. At this time, the DTE bit in DMR is cleared to
0 and the ESIF bit in DMDR is set to 1.

e In normal transfer mode and repeat transfer mode, when the next transfer is requested while a
transfer is disabled due to the DTCR value less than the data access size

e In block transfer mode, when the next transfer is requested while a transfer is disabled due to
the DTCR value less than the block size

When the TSEIE bit in DMDR is cleared to 0, data is transferred until the DTCR value reaches 0.
A transfer size error is not generated. Operation in each transfer mode is shown below.

e In normal transfer mode and repeat transfer mode, when the DTCR value is less than the data
access size, data is transferred in bytes

e In block transfer mode, when the DTCR value is less than the block size, the specified size of
data in DTCR is transferred instead of transferring the block size of data. The transfer is
performed in bytes.

(3) Transfer End by Repeat Size End Interrupt

In repeat transfer mode, when the next transfer is requested after completion of a 1-repeat size data
transfer while the RPTIE bit in DACR is set to 1, a repeat size end interrupt is requested. When
the interrupt is requested to complete DMA transfer, the DTE bit in DMDR is cleared to 0 and the
ESIF bit in DMDR is set to 1. Under this condition, setting the DTE bit to 1 resumes the transfer.

In block transfer mode, when the next transfer is requested after completion of a 1-block size data
transfer, a repeat size end interrupt can be requested.
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(4) Transfer End by Interrupt on Extended Repeat Area Overflow

When an overflow on the extended repeat area occurs while the extended repeat area is specified
and the SARIE or DARIE bit in DACR s set to 1, an interrupt by an extended repeat area
overflow is requested. When the interrupt is requested, the DMA transfer is terminated, the DTE
bit in DMDR is cleared to 0, and the ESIF bit in DMDR is set to 1.

In dual address mode, even if an interrupt by an extended repeat area overflow occurs during a
read cycle, the following write cycle is performed.

In block transfer mode, even if an interrupt by an extended repeat area overflow occurs during a 1-
block transfer, the remaining data is transferred. The transfer is not terminated by an extended
repeat area overflow interrupt unless the current transfer is complete.

(5) Transfer End by Clearing DTE Bit in DMDR

When the DTE bit in DMDR is cleared to 0 by the CPU, a transfer is completed after the current
DMA cycle and a DMA cycle in which the transfer request is accepted are completed.

In block transfer mode, a DMA transfer is completed after 1-block data is transferred.
(6) Transfer End by NMI Interrupt

When an NMI interrupt is requested, the DTE bits for all the channels are cleared to 0 and the
ERREF bit in DMDR_0 is set to 1. When an NMI interrupt is requested during a DMA transfer, the
transfer is forced to stop. To perform DMA transfer after an NMI interrupt is requested, clear the
ERREF bit to 0 and then set the DTE bits for the channels to 1.

The transfer end timings after an NMI interrupt is requested are shown below.

(a) Normal Transfer Mode and Repeat Transfer Mode

In dual address mode, a DMA transfer is completed after completion of the write cycle for one
transfer unit.
In single address mode, a DMA transfer is completed after completion of the bus cycle for one
transfer unit.

(b) Block Transfer Mode

A DMA transfer is forced to stop. Since a 1-block size of transfers is not completed, operation is
not guaranteed.

In dual address mode, the write cycle corresponding to the read cycle is performed. This is similar
to (a) in normal transfer mode.
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(7) Transfer End by AddressError

When an address error occurs, the DTE bits for all the channels are cleared to 0 and the ERRF bit
in DMDR_0 is set to 1. When an address error occurs during a DMA transfer, the transfer is
forced to stop. To perform a DMA transfer after an address error occurs, clear the ERRF bit to 0
and then set the DTE bits for the channels.

The transfer end timing after an address error is the same as that after an NMI interrupt.
(8) Transfer End by Hardwar e Standby M ode or Reset

The DMAC is initialized by a reset and a transition to the hardware standby mode. A DMA
transfer is not guaranteed.

1.7 Relationship among DMAC and Other Bus Masters

7.7.1 CPU Priority Control Function Over DMAC

The CPU priority control function over DMAC can be used according to the CPU priority control
register (CPUPCR) setting. For details, see section 5.7, CPU Priority Control Function Over DTC
and DMAC.

The priority level of the DMAC is specified by bits DMAP2 to DMAPO and can be specified for
each channel.

The priority level of the CPU is specified by bits CPUP2 to CPUPO. The value of bits CPUP2 to
CPUPO is updated according to the exception handling priority.

If the CPU priority control is enabled by the CPUPCE bit in CPUPCR, when the CPU has priority
over the DMAC, a transfer request for the corresponding channel is masked and the transfer is not
activated. When another channel has priority over or the same as the CPU, a transfer request is
received regardless of the priority between channels and the transfer is activated.

The transfer request masked by the CPU priority control function is suspended. When the transfer
channel is given priority over the CPU by changing priority levels of the CPU or channel, the
transfer request is received and the transfer is resumed. Writing O to the DTE bit clears the
suspended transfer request.

When the CPUPCE bit is cleared to 0, it is regarded as the lowest priority.
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7.7.2 Bus Arbitration among DMAC and Other Bus Masters

When DMA transfer cycles are consecutively performed, bus cycles of other bus masters may be
inserted between the transfer cycles. The DMAC can release the bus temporarily to pass the bus to
other bus masters.

The consecutive DMA transfer cycles may not be divided according to the transfer mode settings
to achieve high-speed access.

The read and write cycles of a DMA transfer are not separated. Refreshing, external bus release,
and on-chip bus master (CPU or DTC) cycles are not inserted between the read and write cycles of
a DMA transfer.

In block transfer mode and an auto request transfer by burst access, bus cycles of the DMA
transfer are consecutively performed. For this duration, since the DMAC has priority over the
CPU and DTC, accesses to the external space is suspended (the IBCCS bit in the bus control
register 2 (BCR?2) is cleared to 0).

When the bus is passed to another channel or an auto request transfer by cycle stealing, bus cycles
of the DMAC and on-chip bus master are performed alternatively.

When the arbitration function among the DMAC and on-chip bus masters is enabled by setting the
IBCCS bit in BCR2, the bus is used alternatively except the bus cycles which are not separated.
For details, see section 6, Bus Controller (BSC).

A conflict may occur between external space access of the DMAC and an external bus release
cycle. Even if a burst or block transfer is performed by the DMAC, the transfer is stopped
temporarily and a cycle of external bus release is inserted by the BSC according to the external
bus priority (when the CPU external access and the DTC external access do not have priority over
a DMAC transfer, the transfers are not operated until the DMAC releases the bus).

In dual address mode, the DMAC releases the external bus after the external space write cycle.
Since the read and write cycles are not separated, the bus is not released.

An internal space (on-chip memory and internal I/O registers) access of the DMAC and an
external bus release cycle may be performed at the same time.
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7.8 Interrupt Sources

The DMAC interrupt sources are a transfer end interrupt by the transfer counter and a transfer
escape end interrupt which is generated when a transfer is terminated before the transfer counter
reaches 0. Table 7.7 shows interrupt sources and priority.

Table7.7 Interrupt Sourcesand Priority

Abbr. Interrupt Sources Priority
DMTENDO Transfer end interrupt by channel 0 transfer counter High
DMTEND1  Transfer end interrupt by channel 1 transfer counter A

DMTEND2 Transfer end interrupt by channel 2 transfer counter

DMTENDS3 Transfer end interrupt by channel 3 transfer counter

DMEENDO Interrupt by channel 0 transfer size error
Interrupt by channel O repeat size end
Interrupt by channel 0 extended repeat area overflow on source address

Interrupt by channel 0 extended repeat area overflow on destination address

DMEEND1 Interrupt by channel 1 transfer size error
Interrupt by channel 1 repeat size end
Interrupt by channel 1 extended repeat area overflow on source address

Interrupt by channel 1 extended repeat area overflow on destination address

DMEEND2 Interrupt by channel 2 transfer size error
Interrupt by channel 2 repeat size end
Interrupt by channel 2 extended repeat area overflow on source address

Interrupt by channel 2 extended repeat area overflow on destination address

DMEEND3 Interrupt by channel 3 transfer size error
Interrupt by channel 3 repeat size end

Interrupt by channel 3 extended repeat area overflow on source address

Interrupt by channel 3 extended repeat area overflow on destination address Low

Each interrupt is enabled or disabled by the DTIE and ESIE bits in DMDR for the corresponding
channel. A DMTEND interrupt is generated by the combination of the DTIF and DTIE bits in
DMDR. A DMEEND interrupt is generated by the combination of the ESIF and ESIE bits in
DMDR. The DMEEND interrupt sources are not distinguished. The priority among channels are
decided by the interrupt controller and it is shown in table 7.7. For details, see section 5, Interrupt
Controller.
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Each interrupt source is specified by the interrupt enable bit in the register for the corresponding
channel. A transfer end interrupt by the transfer counter, a transfer size error interrupt, a repeat
size end interrupt, an interrupt by an extended repeat area overflow on the source address, and an
interrupt by an extended repeat area overflow on the destination address are enabled or disabled by
the DTIE bit in DMDR, the TSEIE bit in DMDR, the RPTIE bit in DACR, SARIE bit in DACR,
and the DARIE bit in DACR, respectively.

A transfer end interrupt by the transfer counter is generated when the DTIF bit in DMDR is set to
1. The DTIF bit is set to 1 when DTCR becomes 0 by a transfer while the DTIE bit in DMDR is
setto 1.

An interrupt other than the transfer end interrupt by the transfer counter is generated when the
ESIF bit in DMDR is set to 1. The ESIF bit is set to 1 when the conditions are satisfied by a
transfer while the enable bit is set to 1.

A transfer size error interrupt is generated when the next transfer cannot be performed because the
DTCR value is less than the data access size, meaning that the data access size of transfers cannot
be performed. In block transfer mode, the block size is compared with the DTCR value for
transfer error decision.

A repeat size end interrupt is generated when the next transfer is requested after completion of the
repeat size of transfers in repeat transfer mode. Even when the repeat area is not specified in the
address register, the transfer can be stopped periodically according to the repeat size. At this time,
when a transfer end interrupt by the transfer counter is generated, the ESIF bit is set to 1.

An interrupt by an extended repeat area overflow on the source and destination addresses is
generated when the address exceeds the extended repeat area (overflow). At this time, when a
transfer end interrupt by the transfer counter, the ESIF bit is set to 1.

Figure 7.39 is a block diagram of interrupts and interrupt flags. To clear an interrupt, clear the
DTIF or ESIF bit in DMDR to 0 in the interrupt handling routine or continue the transfer by
setting the DTE bit in DMDR after setting the register. Figure 7.40 shows procedure to resume the
transfer by clearing an interrupt.
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TSIE bit
DMAC is activated in
transfer size error state
| RPTIE biti

DMAC is activated
after BKSZ bits are
changed from 1 to 0

| SARIE bitl

Extended repeat area
overflow occurs in
source address

| DARIE bitl

Extended repeat area
overflow occurs in
destination address

Transfer end
interrupt

}

DTIF bit
A

[Setting condition]
When DTCR becomes 0
and transfer ends

Transfer escape
end interrupt

D—’

Setting condition is satisfied

TULY : kﬁ

Figure7.39 Interrupt and Interrupt Sources

Transfer end interrupt
handling routine
|
| |
Consecutive transfer ) ( Transfer resumed after )

processing interrupt handling routine
|
DTIF and ESIF bits are | [4]

| Registers are specified |[1]

| cleared to 0
DTE bit i set to 1 '
| | (2] Interrupt handling routine | [5]
I ends
Interrupt handling routine 3]
ends (RTE instruction
(executed) | Registers are specified | [6]
I
( Transfer resume ) | DTE bitis set to 1 | 71
processing end

( Transfer resume )
processing end

[1] Specify the values in the registers such as transfer counter and address register.

[2] Set the DTE bit in DMDR to 1 to resume DMA operation. Setting the DTE bit to 1 automatically clears the DTIF or
ESIF bit in DMDR to 0 and an interrupt source is cleared.

[3] End the interrupt handling routine by the RTE instruction.

[4] Read that the DTIF or the ESIF bit in DMDR = 1 and then write 0 to the bit.

[5] Complete the interrupt handling routine and clear the interrupt mask.

[6] Specify the values in the registers such as transfer counter and address register.

[7] Set the DTE bit to 1 to resume DMA operation.

Figure7.40 Procedure Example of Resuming Transfer by Clearing I nterrupt Source
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7.9 Notes on Usage

1.

DMAC Register Access During Operation

Except for clearing the DTE bit in DMDR, the settings for channels being transferred
(including waiting state) must not be changed. The register settings must be changed during
the transfer prohibited state.

Settings of Module Stop Function

The DMAC operation can be enabled or disabled by the module stop control register. The
DMAC is enabled by the initial value.

Setting bit MSTPA13 in MSTPCRA stops the clock supplied to the DMAC and the DMAC
enters the module stop state. However, when a transfer for a channel is enabled or when an
interrupt is being requested, bit MSTPA13 cannot be set to 1. Clear the DTE bit to O, clear the
DTIF or DTIE bit in DMDR to 0, and then set bit MSTPA13.

When the clock is stopped, the DMAC registers cannot be accessed. However, the following
register settings are valid in the module stop state. Disable them before entering the module
stop state, if necessary.

— TENDE bit in DMDR is 1 (the TEND signal output enabled)
— DACKE bit in DMDR is 1 (the DACK signal output enabled)

Activation by DREQ Falling Edge

The DREQ falling edge detection is synchronized with the DMAC internal operation.

A. Activation request waiting state: Waiting for detecting the DREQ low level. A transition to
2. is made.

B. Transfer waiting state: Waiting for a DMAC transfer. A transition to 3. is made.

C. Transfer prohibited state: Waiting for detecting the DREQ high level. A transition to 1. is
made.

After a DMAC transfer enabled, a transition to 1. is made. Therefore, the DREQ signal is
sampled by low level detection at the first activation after a DMAC transfer enabled.
Acceptation of Activation Source

At the beginning of an activation source reception, a low level is detected regardless of the
setting of DREQ falling edge or low level detection. Therefore, if the DREQ signal is driven
low before setting DMDR, the low level is received as a transfer request.

When the DMAC is activated, clear the DREQ signal of the previous transfer.
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Section 8 Data Transfer Controller (DTC)

This LSI includes a data transfer controller (DTC). The DTC can be activated to transfer data by
an interrupt request.

8.1 Features

e Transfer possible over any number of channels:

Multiple data transfer enabled for one activation source (chain transfer)

Chain transfer specifiable after data transfer (when the counter is 0)
e Three transfer modes

Normal/repeat/block transfer modes selectable

Transfer source and destination addresses can be selected from increment/decrement/fixed
e Short address mode or full address mode selectable

— Short address mode

Transfer information is located on a 3-longword boundary

The transfer source and destination addresses can be specified by 24 bits to select a 16-
Mbyte address space directly

— Full address mode
Transfer information is located on a 4-longword boundary

The transfer source and destination addresses can be specified by 32 bits to select a 4-
Gbyte address space directly
o Size of data for data transfer can be specified as byte, word, or longword
The bus cycle is divided if an odd address is specified for a word or longword transfer.
The bus cycle is divided if address 4n + 2 is specified for a longword transfer.
e A CPU interrupt can be requested for the interrupt that activated the DTC
A CPU interrupt can be requested after one data transfer completion
A CPU interrupt can be requested after the specified data transfer completion
e Read skip of the transfer information specifiable
e Writeback skip executed for the fixed transfer source and destination addresses
e Module stop mode specifiable
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Figure 8.1 shows a block diagram of the DTC. The DTC transfer information can be allocated to
the data area*. When the transfer information is allocated to the on-chip RAM, a 32-bit bus
connects the DTC to the on-chip RAM, enabling 32-bit/1-state reading and writing of the DTC

transfer information.

Note: * When the transfer information is stored in the on-chip RAM, the RAME bit in SYSCR
must be set to 1.

E Interrupt controller E : DTC
: DTCERA : | On-chip |<—Q~ :
: t : RAM : »| MRA
, DTCERH ' % E Register ] MRB
: DTCeR i | On-chip . [ sar K>
' + | peripheral Q e 3 ' 2
' ' module = =2 H 1 2
! ; g g i t— o K3
' ' = Qo H 9]
: . e [E] | cra K DIE
E DTC activation request : | Activation e
! vector number . 8/ : »| control —> o
i CPU interrupt request & :
' Interrupt source clear E: H Interrupt
. request : ! control
H \i
E | ® Bus interface
xterna < H
memory 4 :
o
5 ' A
s—a711 | *------ .
. [0}
External device ok U
(memory mapped) w
Bus controller  |«REQ
ACK

[Legend]

MRA, MRB:

SAR:

DAR:

CRA, CRB:

DTCERA to DTCERH:
DTCCR:

DTCVBR:

DTC mode registers A, B

DTC source address register
DTC destination address register
DTC transfer count registers A, B
DTC enable registers A to H
DTC control register

DTC vector base register

Figure8.1 Block Diagram of DTC
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8.2 Register Descriptions

DTC has the following registers.

DTC mode register A (MRA)

DTC mode register B (MRB)

DTC source address register (SAR)
DTC destination address register (DAR)
DTC transfer count register A (CRA)
DTC transfer count register B (CRB)

These six registers MRA, MRB, SAR, DAR, CRA, and CRB cannot be directly accessed by the
CPU. The contents of these registers are stored in the data area as transfer information. When a
DTC activation request occurs, the DTC reads a start address of transfer information that is stored
in the data area according to the vector address, reads the transfer information, and transfers data.
After the data transfer, it writes a set of updated transfer information back to the data area.

DTC enable registers A to H (DTCERA to DTCERH)
DTC control register (DTCCR)
DTC vector base register (DTCVBR)

RENESAS
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821  DTC ModeRegister A (MRA)

MRA selects DTC operating mode. MRA cannot be accessed directly by the CPU.

Bit 7 6 4 3 2 1 0
Bit Name MDA1 MDO Sz1 Sz0 SM1 SMO
Initial Value  Undefined  Undefined Undefined Undefined  Undefined  Undefined Undefined  Undefined
R/W
Initial
Bit Bit Name Value R/W Description
7 MD1 Undefined — DTC Mode 1 and 0
6 MDO Undefined — Specify DTC transfer mode.
00: Normal mode
01: Repeat mode
10: Block transfer mode
11: Setting prohibited
5 Sz1 Undefined — DTC Data Transfer Size 1 and 0
Sz0 Undefined — Specify the size of data to be transferred.
00: Byte-size transfer
01: Word-size transfer
10: Longword-size transfer
11: Setting prohibited
3 SMA1 Undefined — Source Address Mode 1 and 0
2 SMO Undefined — Specify an SAR operation after a data transfer.

Ox: SAR is fixed
(SAR writeback is skipped)

10: SAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
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Initial
Bit Bit Name Value R/W Description
1,0 — Undefined — Reserved

The write value should always be 0.

[Legend]
X: Don't care

8.2.2 DTC Mode Register B (MRB)

MRB selects DTC operating mode. MRB cannot be accessed directly by the CPU.

Bit 7 6 5 4 3 2 1 0

Bit Name CHNE CHNS DISEL DTS DM1 DMO

Initial Value  Undefined  Undefined  Undefined Undefined  Undefined  Undefined Undefined  Undefined

R/W
Initial
Bit Bit Name Value R/W Description
7 CHNE Undefined — DTC Chain Transfer Enable

Specifies the chain transfer. For details, see 8.5.7, Chain
Transfer. The chain transfer condition is selected by the
CHNS bit.

0: Disables the chain transfer
1: Enables the chain transfer
6 CHNS Undefined — DTC Chain Transfer Select

Specifies the chain transfer condition. If the following
transfer is a chain transfer, the completion check of the
specified transfer count is not performed and activation
source flag or DTCER is not cleared.

0: Chain transfer every time
1: Chain transfer only when transfer counter = 0
5 DISEL Undefined — DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time after a data transfer ends. When
this bit is set to 0, a CPU interrupt request is only
generated when the specified number of data transfer
ends.
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Initial
Bit Bit Name Value R/W Description
4 DTS Undefined — DTC Transfer Mode Select
Specifies either the source or destination as repeat or
block area during repeat or block transfer mode.
0: Specifies the destination as repeat or block area
1: Specifies the source as repeat or block area
DM1 Undefined — Destination Address Mode 1 and 0
DMO Undefined — Specify a DAR operation after a data transfer.
0X: DAR is fixed
(DAR writeback is skipped)
10: DAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
1,0 — Undefined — Reserved

The write value should always be 0.

[Legend]
X: Don't care
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8.2.3 DTC Source Address Register (SAR)
SAR is a 32-bit register that designates the source address of data to be transferred by the DTC.

In full address mode, 32 bits of SAR are valid. In short address mode, the lower 24 bits of SAR
are valid and bits 31 to 24 are ignored. At this time, the upper eight bits are filled with the value of
bit 23.

If a word or longword access is performed while an odd address is specified in SAR or if a
longword access is performed while address 4n + 2 is specified in SAR, the bus cycle is divided
into multiple cycles to transfer data. For details, see section 8.5.1, Bus Cycle Division.

SAR cannot be accessed directly from the CPU.

824 DTC Destination Address Register (DAR)

DAR is a 32-bit register that designates the destination address of data to be transferred by the
DTC.

In full address mode, 32 bits of DAR are valid. In short address mode, the lower 24 bits of DAR
are valid and bits 31 to 24 are ignored. At this time, the upper eight bits are filled with the value of
bit 23.

If a word or longword access is performed while an odd address is specified in DAR or if a
longword access is performed while address 4n + 2 is specified in DAR, the bus cycle is divided
into multiple cycles to transfer data. For details, see section 8.5.1, Bus Cycle Division.

DAR cannot be accessed directly from the CPU.
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8.25 DTC Transfer Count Register A (CRA)
CRA is a 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal transfer mode, CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time data is transferred, and bit DTCEn (n = 15 to 0) corresponding to the
activation source is cleared and then an interrupt is requested to the CPU when the count reaches
H'0000. The transfer count is 1 when CRA = H'0001, 65,535 when CRA = H'FFFF, and 65,536
when CRA = H'0000.

In repeat transfer mode, CRA is divided into two parts: the upper eight bits (CRAH) and the lower
eight bits (CRAL). CRAH holds the number of transfers while CRAL functions as an 8-bit
transfer counter (1 to 256). CRAL is decremented by 1 every time data is transferred, and the
contents of CRAH are sent to CRAL when the count reaches H'00. The transfer count is 1 when
CRAH = CRAL =H'01, 255 when CRAH = CRAL = H'FF, and 256 when CRAH = CRAL =
H'00.

In block transfer mode, CRA is divided into two parts: the upper eight bits (CRAH) and the lower
eight bits (CRAL). CRAH holds the block size while CRAL functions as an 8-bit block-size
counter (1 to 256 for byte, word, or longword). CRAL is decremented by 1 every time a byte
(word or longword) data is transferred, and the contents of CRAH are sent to CRAL when the
count reaches H'00. The block size is 1 byte (word or longword) when CRAH = CRAL =H'01,
255 bytes (words or longwords) when CRAH = CRAL = H'FF, and 256 bytes (words or
longwords) when CRAH = CRAL =H'00.

CRA cannot be accessed directly from the CPU.

8.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times data is to be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time data is transferred, and bit DTCEn (n = 15 to 0) corresponding to the activation source
is cleared and then an interrupt is requested to the CPU when the count reaches H'0000. The
transfer count is 1 when CRB = H'0001, 65,535 when CRB = H'FFFF, and 65,536 when CRB =
H'0000.

CRB is not available in normal and repeat modes and cannot be accessed directly by the CPU.
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8.2.7 DTC Enable Registers A toH (DTCERA to DTCERH)

DTCER, which is comprised of eight registers, DTCERA to DTCERH, is a register that specifies
DTC activation interrupt sources. The correspondence between interrupt sources and DTCE bits is
shown in table 8.1. Use bit manipulation instructions such as BSET and BCLR to read or write a
DTCE bit. If all interrupts are masked, multiple activation sources can be set at one time (only at
the initial setting) by writing data after executing a dummy read on the relevant register.

Bit 15 14 13 12 11 10 9 8
Bit Name | DTCE15 | DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCES
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCEH1 DTCEO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial

Bit Bit Name Value R/W Description

15 DTCE15 0 R/W DTC Activation Enable 15t0 0

14 DTCE14 0 R/W Setting this bit to 1 specifies a relevant interrupt source to
a DTC activation source.

13 DTCE13 0 R/W . .
[Clearing conditions]

12 DTCE12 0 R/W ¢ When writing 0 to the bit to be cleared after reading 1

11 DTCE11 O R/W e When the DISEL bit is 1 and the data transfer has

10 DTCE10 0 RIW ended -

9 DTCE9 0 R/W . Wheln the specified number of transfers hg\{e ended
These bits are not cleared when the DISEL bit is 0 and

8 DTCE8 0 R/W  the specified number of transfers have not ended

7 DTCE7 0 R/W

6 DTCE6 0 R/W

5 DTCE5 0 R/W

4 DTCE4 0 R/W

3 DTCES3 0 R/W

2 DTCE2 0 R/W

1 DTCEH1 0 R/W

0 DTCEO 0 R/W
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828

DTC Control Register (DTCCR)

DTCCR specifies transfer information read skip.

Bit 7 6 5 4 3 2 1 0
Bit Name RRS RCHNE ERR
Initial Value 0 0 0 0 0 0 0 0
R/W R/W RIW R/W R/W R/W R R R/(W)*
Note: * Only O can be written to clear the flag.
Initial
Bit Bit Name Value R/W Description
7to5 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
4 RRS 0 R/W DTC Transfer Information Read Skip Enable
Controls the vector address read and transfer information
read. A DTC vector number is always compared with the
vector number for the previous activation. If the vector
numbers match and this bit is set to 1, the DTC data
transfer is started without reading a vector address and
transfer information. If the previous DTC activation is a
chain transfer, the vector address read and transfer
information read are always performed.
0: Transfer read skip is not performed.
1: Transfer read skip is performed when the vector
numbers match.
3 RCHNE 0 R/W Chain Transfer Enable After DTC Repeat Transfer

Enables/disables the chain transfer while transfer counter
(CRAL) is 0 in repeat transfer mode.

In repeat transfer mode, the CRAH value is written to
CRAL when CRAL is 0. Accordingly, chain transfer may
not occur when CRAL is 0. If this bit is set to 1, the chain
transfer is enabled when CRAH is written to CRAL.

0: Disables the chain transfer after repeat transfer
1: Enables the chain transfer after repeat transfer
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Initial
Bit Bit Name Value R/W Description
2,1 — AllO R Reserved
These are read-only bits and cannot be modified.
0 ERR 0 R/(W)* Transfer Stop Flag

Indicates that an address error or an NMI interrupt
occurs. If an address error or an NMI interrupt occurs, the
DTC stops.

0: No interrupt occurs

1: An interrupt occurs

[Clearing condition]

e When writing 0 after reading 1

Note: * Only 0 can be written to clear this flag.

8.29 DTC Vector Base Register (DTCVBR)

DTCVBR is a 32-bit register that specifies the base address for vector table address calculation.
Bits 31 to 28 and bits 11 to O are fixed 0 and cannot be written to. The initial value of DTCVBR is
H'00000000.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

o I I N N I I

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW R R R R RW RW RW RW RW RW RW RW RW RW RW RW
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
sevame | | | | | | [ [ [ [ [ [ [ [ | [ |

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW RW RW RW R R R R R R R R R R R R
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8.3 Activation Sources

The DTC is activated by an interrupt request. The interrupt source is selected by DTCER. A DTC
activation source can be selected by setting the corresponding bit in DTCER; the CPU interrupt
source can be selected by clearing the corresponding bit in DTCER. At the end of a data transfer
(or the last consecutive transfer in the case of chain transfer), the activation source interrupt flag or
corresponding DTCER bit is cleared.

84 L ocation of Transfer I nformation and DTC Vector Table

Locate the transfer information in the data area. The start address of transfer information should be
located at the address that is a multiple of four (4n). Otherwise, the lower two bits are ignored
during access ([1:0] = B'00.) Transfer information can be located in either short address mode
(three longwords) or full address mode (four longwords). The DTCMD bit in SYSCR specifies
either short address mode (DTCMD = 1) or full address mode (DTCMD = 0). For details, see
section 3.2.2, System Control Register (SYSCR). Transfer information located in the data area is
shown in figure 8.2.

The DTC reads the start address of transfer information from the vector table according to the
activation source, and then reads the transfer information from the start address. Figure 8.3 shows
correspondences between the DTC vector address and transfer information.

Transfer information
in short address mode

/\/

Transfer information
in full address mode

e
Lower addresses Lower addresses
Start Start
address| 0 | 1 | 2 | 3 address| 0 | 1 | 2 | 8
MRA SAR MRA | MRB Reserved
Transfer information (0 write) Transfer
Chain | MRB DAR for one transfer SAR information
transfer [~ cRA | CRB (8 longwords) Chain DAR ( for one transfer
ransfer (4 longwords)
MRA SAR Transfer information I: CRA CRB
for the 2nd transfer Reserved
MRB DAR in chain transfer MRA | MRB| (0 write) Trfansfet(
3 longwords information
CRA | CRB (8long ) SAR for the 2nd
DAR transfer
4 bytes in chain transfer
CRA | CRB (4 longwords)
4 bytes
— T~

Figure8.2 Transfer Information on Data Area
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Upper: DTCVBR —
Lower: H400+vect;number><4 Vector table -
DTC vector T ~— | Transfer information (1)
address >
Transfer information (1) /\/
start address
+4 —» s
Transfer information (2) —>
start address | Transfer information (2)
+4n > .

Transfer information (n)
start address

/:\/

4 bytes —>
B " | Transfer information (n)
T~
T~

Figure8.3 Correspondence between DTC Vector Addressand Transfer Information

Rev.2.00 Jun. 28, 2007 Page 319 of 784
RENESAS REJ09B248-0200




Section 8 Data Transfer Controller (DTC)

Table 8.1 shows correspondence between the DTC activation source and vector address.

Table8.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of Activation Vector DTC Vector
Activation Source Source Number Address Offset DTCE* Priority
External pin IRQO 64 H'500 DTCEA15  High
IRQ1 65 H'504 DTCEA14 A
IRQ2 66 H'508 DTCEA13
IRQ3 67 H'50C DTCEA12
IRQ4 68 H'510 DTCEA11
IRQ5 69 H'514 DTCEA10
IRQ6 70 H'518 DTCEA9
IRQ7 71 H'51C DTCEAS8
IRQ8 72 H'520 DTCEA7
IRQ9 73 H'524 DTCEA6
IRQ10 74 H'528 DTCEA5
IRQ11 75 H'52C DTCEA4
A/D ADI 86 H'558 DTCEB15
TPU_O TGIOA 88 H'560 DTCEB13
TGIOB 89 H'564 DTCEB12
TGIoC 90 H'568 DTCEB11
TGIOD 91 H'56C DTCEB10
TPU_1 TGHA 93 H'574 DTCEB9
TGI1B 94 H'578 DTCEBS8
TPU_2 TGI2A 97 H'584 DTCEB7
TGI2B 98 H'588 DTCEB6
TPU_3 TGI3A 101 H'594 DTCEB5
TGI3B 102 H'598 DTCEB4
TGI3C 103 H'59C DTCEBS3
TGI3D 104 H'5A0 DTCEB2
TPU_4 TGI4A 106 H'5A8 DTCEBH1
TGl4B 107 H'5AC DTCEBO
TPU_5 TGI5A 110 H'5B8 DTCEC15 \J
TGI5B 111 H'5BC DTCEC14  Low
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Origin of Activation Vector DTC Vector
Activation Source Source Number Address Offset DTCE* Priority
TMR_O CMIAO 116 H'5D0 DTCEC13  High
CMIBO 117 H'5D4 DTCEC12 A
TMR_1 CMIA1 119 H'5DC DTCEC11
CMIB1 120 H'5E0 DTCEC10
TMR_2 CMIA2 122 H'5E8 DTCEC9
CMIB2 123 H'5EC DTCECS8
TMR_3 CMIAS 125 H'5F4 DTCEC7
CMIB3 126 H'5F8 DTCECS6
DMAC DMTENDO 128 H'600 DTCEC5
DMTEND1 129 H'604 DTCEC4
DMTEND2 130 H'608 DTCEC3
DMTEND3 131 H'60C DTCEC2
DMAC DMEENDO 136 H'620 DTCED13
DMEEND1 137 H'624 DTCED12
DMEEND2 138 H'628 DTCED11
DMEEND3 139 H'62C DTCED10
SCI_0 RXI0 145 H'644 DTCED5
TXIO 146 H'648 DTCED4
SCI_1 RXI1 149 H'654 DTCED3
XN 150 H'658 DTCED2
SCI_2 RXI2 153 H'664 DTCED1
TXI2 154 H'668 DTCEDO
SCI_3 RXI3 157 H'674 DTCEE15
TXI3 158 H'678 DTCEE14
SCI_4 RXI4 161 H'684 DTCEE13 \/
TXI4 162 H'688 DTCEE12  Low

Note: * The DTCE bits with no corresponding interrupt are reserved, and the write value should
always be 0. To leave software standby mode or all-module-clock-stop mode with an
interrupt, write 0 to the corresponding DTCE bit.
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85 Operation

The DTC stores transfer information in the data area. When activated, the DTC reads transfer
information that is stored in the data area and transfers data on the basis of that transfer
information. After the data transfer, it writes updated transfer information back to the data area.
Since transfer information is in the data area, it is possible to transfer data over any required
number of channels. There are three transfer modes: normal, repeat, and block.

The DTC specifies the source address and destination address in SAR and DAR, respectively.
After a transfer, SAR and DAR are incremented, decremented, or fixed independently.

Table 8.2 shows the DTC transfer modes.

Table8.2 DTC Transfer Modes

Transfer  Size of Data Transferred at Memory Address Increment or Transfer

Mode One Transfer Request Decrement Count

Normal 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1 to 65536
or fixed

Repeat*' 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1 to 256+°
or fixed

Block** Block size specified by CRAH (1 Incremented/decremented by 1, 2, or 4, 1 to 65536
to 256 bytes/words/longwords)  or fixed

Notes: 1. Either source or destination is specified to repeat area.
2. Either source or destination is specified to block area.

3. After transfer of the specified transfer count, initial state is recovered to continue the
operation.

Setting the CHNE bit in MRB to 1 makes it possible to perform a number of transfers with a
single activation (chain transfer). Setting the CHNS bit in MRB to 1 can also be made to have
chain transfer performed only when the transfer counter value is 0.

Figure 8.4 shows a flowchart of DTC operation, and table 8.3 summarizes the chain transfer
conditions (combinations for performing the second and third transfers are omitted).
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Match &
RRS =1

Not match | RRS =0

| Read DTC vector

Next transfer

Y

| Read transfer |
information

>

Y

| Transfer data |

!

| Upd?te transfer | Update the start address
information of transfer information

\ A

| Write transfer information |

ransfer counter = 0
or DISEL =1

Yes

No

Transfer counter = 0

\ * Y

| Clear activation | | Clear DTCER/request an interrupt
source flag to the CPU

\
End

Figure8.4 Flowchart of DTC Operation
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Table8.3 Chain Transfer Conditions

1st Transfer 2nd Transfer
Transfer Transfer

CHNE CHNS DISEL Counter** CHNE CHNS DISEL Counter*' DTC Transfer
0 — 0 Not 0 — — — — Ends at 1st transfer
0 — 0 0+ — — — — Ends at 1st transfer
0 — 1 — — — — Interrupt request to CPU
1 0 — — 0 — 0 Not 0 Ends at 2nd transfer

0 — 0 0+ Ends at 2nd transfer

0 — 1 — Interrupt request to CPU
1 1 0 Not 0 — — — Ends at 1st transfer
1 1 — 0+ 0 — 0 Not 0 Ends at 2nd transfer

0 — 0% Ends at 2nd transfer

0 — 1 Interrupt request to CPU
1 1 1 Not 0 — — — — Ends at 1st transfer

Interrupt request to CPU

Notes: 1. CRA in normal mode transfer, CRAL in repeat transfer mode, or CRB in block transfer
mode

2. When the contents of the CRAH is written to the CRAL in repeat transfer mode

85.1 Bus Cycle Division

When the transfer data size is word and the SAR and DAR values are not a multiple of 2, the bus
cycle is divided and the transfer data is read from or written to in bytes. Similarly, when the
transfer data size is longword and the SAR and DAR values are not a multiple of 4, the bus cycle
is divided and the transfer data is read from or written to in words.

Table 8.4 shows the relationship among, SAR, DAR, transfer data size, bus cycle divisions, and
access data size. Figure 8.5 shows the bus cycle division example.

Table8.4 Number of Bus Cycle Divisionsand Access Size

Specified Data Size

SAR and DAR Values Byte (B) Word (W) Longword (LW)
Address 4n 1 (B) 1(W) 1 (LW)

Address 2n + 1 1(B) 2 (B-B) 3 (B-W-B)
Address 4n + 2 1(B) 1 (W) 2 (W-W)
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When an odd address and even address are specified in SAR and DAR, respectively, and when the data size of transfer is specified as word]
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85.2 Transfer Information Read Skip Function

By setting the RRS bit of DTCCR, the vector address read and transfer information read can be
skipped. The current DTC vector number is always compared with the vector number of previous
activation. If the vector numbers match when RRS =1, a DTC data transfer is performed without
reading the vector address and transfer information. If the previous activation is a chain transfer,
the vector address read and transfer information read are always performed. Figure 8.6 shows the
transfer information read skip timing.

To modify the vector table and transfer information, temporarily clear the RRS bit to 0, modify the
vector table and transfer information, and then set the RRS bit to 1 again. When the RRS bit is
cleared to 0, the stored vector number is deleted, and the updated vector table and transfer
information are read at the next activation.

Clock ||||||||||||||||||||||||||||||||||||||||||||||||||

1 1 1 1 1 1 1 1 1 1 1 1 1
' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' '
DTCactvaton Jfyr | & | TN
request ' ' ' ' ' ' ' ' L L L L L L
I ' ' ' ' ' ' ' ' T T T T T T
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' '
DiCrequest | f 1 % 1 R
' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
Transfer 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
information T T 1 1 1
readskip L L S R A
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' | ' ' '
' ' ' ' ' ' ' ' '
' ' ' ' I ! ' ' |<_|_>|<_|_|_,. '
Vector read  Transfer information Data ~ Transfer information Data  Transfer information
read transfer write transfer write

Note: Transfer information read is skipped when the activation sources of (1) and (2) (vector numbers) are the same while RRS = 1.

Figure8.6 Transfer Information Read Skip Timing
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85.3 Transfer Information Writeback Skip Function

By specifying bit SM1 in MRA and bit DM1 in MRB to the fixed address mode, a part of transfer
information will not be written back. This function is performed regardless of short or full address
mode. Table 8.5 shows the transfer information writeback skip condition and writeback skipped
registers. Note that the CRA and CRB are always written back regardless of the short or full
address mode. In addition in full address mode, the writeback of the MRA and MRB are always
skipped.

Table85 Transfer Information Writeback Skip Condition and Writeback Skipped

Registers
SM1 DM1 SAR DAR
0 0 Skipped Skipped
0 1 Skipped Written back
1 0 Written back Skipped
1 1 Written back Written back

854 Normal Transfer Mode

In normal transfer mode, one operation transfers one byte, one word, or one longword of data.
From 1 to 65,536 transfers can be specified. The transfer source and destination addresses can be
specified as incremented, decremented, or fixed. When the specified number of transfers ends, an
interrupt can be requested to the CPU.

Table 8.6 lists the register function in normal transfer mode. Figure 8.7 shows the memory map in
normal transfer mode.

Table8.6 Register Function in Normal Transfer Mode

Register Function Written Back Value

SAR Source address Incremented/decremented/fixed*
DAR Destination address Incremented/decremented/fixed*
CRA Transfer count A CRA -1

CRB Transfer count B Not updated

Note: * Transfer information writeback is skipped.
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Transfer source data area Transfer destination data area

/\_//—\/

SAR—» -<— DAR

Transfer

=

/\_//—\/

Figure8.7 Memory Map in Normal Transfer Mode

855 Repeat Transfer Mode

In repeat transfer mode, one operation transfers one byte, one word, or one longword of data. By
the DTS bit in MRB, either the source or destination can be specified as a repeat area. From 1 to
256 transfers can be specified. When the specified number of transfers ends, the transfer counter
and address register specified as the repeat area is restored to the initial state, and transfer is
repeated. The other address register is then incremented, decremented, or left fixed. In repeat
transfer mode, the transfer counter (CRAL) is updated to the value specified in CRAH when
CRAL becomes H'00. Thus the transfer counter value does not reach H'00, and therefore a CPU
interrupt cannot be requested when DISEL = 0.

Table 8.7 lists the register function in repeat transfer mode. Figure 8.8 shows the memory map in
repeat transfer mode.
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Table8.7 Register Function in Repeat Transfer Mode

Written Back Value

Register Function CRAL isnot 1 CRALis 1
SAR Source address Incremented/decremented/fixed DTS =0: Incremented/
* decremented/fixed*
DTS = 1: SAR initial value
DAR Destination address Incremented/decremented/fixed DTS = 0: DAR initial value
¥ DTS =1: Incremented/
decremented/fixed*
CRAH Transfer count CRAH CRAH
storage
CRAL Transfer count A CRAL -1 CRAH
CRB Transfer count B Not updated Not updated

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
(specified as repeat area)
r
SAR—» <«— DAR

Transfer

=

/\/ /\_/V

Figure8.8 Memory Map in Repeat Transfer M ode
(When Transfer Source is Specified as Repeat Area)
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8.5.6 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area by the DTS bit in MRB. The block size is 1 to
256 bytes (1 to 256 words, or 1 to 256 longwords). When the transfer of one block ends, the block
size counter (CRAL) and address register (SAR when DTS =1 or DAR when DTS = 0) specified
as the block area is restored to the initial state. The other address register is then incremented,
decremented, or left fixed. From 1 to 65,536 transfers can be specified. When the specified
number of transfers ends, an interrupt is requested to the CPU.

Table 8.8 lists the register function in block transfer mode. Figure 8.9 shows the memory map in
block transfer mode.

Table8.8 Register Function in Block Transfer Mode

Register Function Written Back Value

SAR Source address DTS =0: Incremented/decremented/fixed*
DTS = 1: SAR initial value

DAR Destination address DTS = 0: DAR initial value
DTS =1: Incremented/decremented/fixed*

CRAH Block size storage CRAH

CRAL Block size counter CRAH

CRB Block transfer counter CRB -1

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
/—\_/I (specified as block area)
SAR —» | [|— 1st block |
st bloc — Transfer —— ~~_ 4
[ ] [ [ Blockarea  _| U<— DAR
Nthblock | i
/_\/

Figure8.9 Memory Map in Block Transfer Mode
(When Transfer Destination is Specified as Block Area)
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8.5.7 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to a single transfer request. Setting the CHNE and CHNS bits in MRB
set to 1 enables a chain transfer only when the transfer counter reaches 0. SAR, DAR, CRA, CRB,
MRA, and MRB, which define data transfers, can be set independently. Figure 8.10 shows the
chain transfer operation.

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting the DISEL bit to 1, and the interrupt source
flag for the activation source and DTCER are not affected.

In repeat transfer mode, setting the RCHNE bit in DTCCR and the CHNE and CHNS bits in MRB
to 1 enables a chain transfer after transfer with transfer counter = 1 has been completed.

Data area

/_\/

Transfer source data (1)

Transfer information
Vector table stored in user area

/\//_\/

DTC vector Transfer information
address Transfer information I: CHNE =1

start address

[Transfer destination data (1)

Transfer information
CHNE =0

Transfer source data (2)

/\//_\/

[Transfer destination data (2)

/_\_/

Figure8.10 Operation of Chain Transfer
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Operation Timing

858

Figures 8.11 to 8.14 show the DTC operation timings.

Clock

Transfer
information
write

Data transfer
'
'
'

Transfer
information
read

DTC activation

request
Address

Figure8.11 DTC Operation Timing
(Example of Short Address Modein Normal Transfer Mode or Repeat Transfer Mode)

Clock

Transfer
information
read

DTC activation

Address

Figure8.12 DTC Operation Timing
(Example of Short Address Modein Block Transfer Modewith Block Size of 2)
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Clock

information
write

Data
transfer

Transfer
information
read

Transfer
information
write

Data
transfer
'

ransfe
information
read

DTC activatiol
request
Address

Figure8.13 DTC Operation Timing (Example of Short Address Mode in Chain Transfer)

Clock

Transfer information
write !

Data
transfer
i

Transfer information
read
'

DTC activation

request
Address

Figure8.14 DTC Operation Timing
(Example of Full AddressModein Normal Transfer Mode or Repeat Transfer M ode)
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859

Number of DTC Execution Cycles

Table 8.9 shows the execution status for a single DTC data transfer, and table 8.10 shows the
number of cycles required for each execution.

Table8.9 DTC Execution Status
Transfer Transfer
Vector Information Information Internal
Read Read Write Data Read Data Write Operation
Mode | J L L M N
Normal 1 (0 O L A K S~ LU I E A LU | 1 0%
Repeat 1 0+ 4¥® 3+ ox' 3P 2%t q4x® 3x® 2x7 1 3x® 2% 4 1 0
Block 1 0% 4%® 3% (Qx' 3¥*° 2" 13° 3ep  2eP+ {eP 3P 20P% 1P 1 0%
transfer #® #®
[Legend]
P: Block size (CRAH and CRAL value)
Notes: 1. When transfer information read is skipped
2. In full address mode operation
3. In short address mode operation
4. When the SAR or DAR is in fixed mode
5. When the SAR and DAR are in fixed mode
6. When a longword is transferred while an odd address is specified in the address

register
7. When a word is transferred while an odd address is specified in the address register or
when a longword is transferred while address 4n + 2 is specified
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Table8.10 Number of Cycles Required for Each Execution State

On- On-
Chip  Chip On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 32 8 16 32 8 16
Access cycles 1 1 2 2 2 2 3 2 3
Execu- Vectorread S, 1 1 _ - — 8 12 + 4m 4 6 +2m
tion Transfer information read S, 1 1 _ - — 8 12 + 4m 4 6 +2m
status
Transfer information write S, 1 1 —_ = — 8 12 +4m 4 6 +2m
Byte data read S, 1 1 2 2 2 2 3+m 2 3+m
Word data read S, 1 1 4 2 2 4 4 +2m 2 3+m
Longword data read S, 1 1 8 4 2 8 12 +4m 4 6 +2m
Byte data write S,, 1 1 2 2 2 2 3+m 2 3+m
Word data write S, 1 1 4 2 2 4 4+2m 2 3+m
Longword data write S,, 1 1 8 4 2 8 12 + 4m 4 6 +2m
Internal operation S 1
[Legend]

m:  Number of wait cycles 0 to 7 (For details, see section 6, Bus Controller (BSC).)

The number of execution cycles is calculated from the formula below. Note that ¥ means the sum
of all transfers activated by one activation event (the number in which the CHNE bit is set to 1,
plus 1).

Number of execution cycles=1¢S +Z (J S, +KeS, +L*S +Me+S,)+ NS,

85.10 DTC BusReease Timing

The DTC requests the bus mastership to the bus arbiter when an activation request occurs. The
DTC releases the bus after a vector read, transfer information read, a single data transfer, or
transfer information writeback. The DTC does not release the bus during transfer information
read, single data transfer, or transfer information writeback.

85.11 DTC Priority Level Control tothe CPU

The priority of the DTC activation sources over the CPU can be controlled by the CPU priority
level specified by bits CPUP2 to CPUPO in CPUPCR and the DTC priority level specified by bits
DTCP2 to DTCPO. For details, see section 5, Interrupt Controller.
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8.6

DTC Activation by Interrupt

The procedure for using the DTC with interrupt activation is shown in figure 8.15.

( DTC activation by interrupt )

| Clear RRS bit in DTCCR to 0 | [1]

Set transfer information
(MRA, MRB, SAR, DAR, [2]
CRA, CRB)

Set starts address of transfer 3
information in DTC vector table| [

Set RRS bitin DTCCRto 1 | [4]

1
Set corresponding bit in
DTCER to 1 (8]

Il
Set enable bit of interrupt

request for activation source | [6]
to1

( Interrupt request generated )

( DTC activated )

Clear
activation
source

Determine
clearing method of
activation source

Clear corresponding
bit in DTCER

Corresponding bit in DTCER
cleared or CPU interrupt
requested

¢<—

( Transfer end )

]

2

[3

[4

[5

[71

Clearing the RRS bit in DTCCR to 0 clears the read skip flag
of transfer information. Read skip is not performed when the
DTC is activated after clearing the RRS bit. When updating
transfer information, the RRS bit must be cleared.

Set the MRA, MRB, SAR, DAR, CRA, and CRB transfer
information in the data area. For details on setting transfer
information, see section 8.2, Register Descriptions. For details
on location of transfer information, see section 8.4, Location of
Transfer Information and DTC Vector Table.

Set the start address of the transfer information in the DTC
vector table. For details on setting DTC vector table, see section
8.4, Location of Transfer Information and DTC Vector Table.

Setting the RRS bit to 1 performs a read skip of second time or
later transfer information when the DTC is activated consecu-
tively by the same interrupt source. Setting the RRS bit to 1 is
always allowed. However, the value set during transfer will be
valid from the next transfer.

Set the bit in DTCER corresponding to the DTC activation
interrupt source to 1. For the correspondence of interrupts and
DTCER, refer to table 8.1. The bitin DTCER may be set to 1 on
the second or later transfer. In this case, setting the bit is not
needed.

Set the enable bits for the interrupt sources to be used as the
activation sources to 1. The DTC is activated when an interrupt
used as an activation source is generated. For details on the
settings of the interrupt enable bits, see the corresponding
descriptions of the corresponding module.

After the end of one data transfer, the DTC clears the activation
source flag or clears the corresponding bit in DTCER and
requests an interrupt to the CPU. The operation after transfer
depends on the transfer information. For details, see section
8.2, Register Descriptions and figure 8.4.

Figure8.15 DTC with Interrupt Activation
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8.7 Examples of Use of the DTC

8.7.1 Normal Transfer M ode

An example is shown in which the DTC is used to receive 128 bytes of data via the SCI.

1.

Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal transfer mode (MD1 = MDO = 0), and byte size (Sz1 = Sz0 = 0). The
DTS bit can have any value. Set MRB for one data transfer by one interrupt (CHNE = 0,
DISEL = 0). Set the RDR address of the SCI in SAR, the start address of the RAM area where
the data will be received in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the transfer information for an RXI interrupt at the DTC vector address.

Set the corresponding bit in DTCER to 1.

Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the receive
end (RXI) interrupt. Since the generation of a receive error during the SCI reception operation
will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR is set to 1, an

RXI interrupt is generated, and the DTC is activated. The receive data is transferred from RDR
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDREF flag is
automatically cleared to 0.

When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, the
DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. Termination
processing should be performed in the interrupt handling routine.
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8.7.2 Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG.

Chain transfer can be used to perform pulse output data transfer and PPG output trigger cycle
updating. Repeat mode transfer to the PPG's NDR is performed in the first half of the chain
transfer, and normal mode transfer to the TPU's TGR in the second half. This is because clearing
of the activation source and interrupt generation at the end of the specified number of transfers are
restricted to the second half of the chain transfer (transfer when CHNE = 0).

1.

A

Perform settings for transfer to the PPG's NDR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 = 0,
MDO = 1), and word size (Sz1 =0, Sz0 = 1). Set the source side as a repeat area (DTS = 1). Set
MRB to chain transfer mode (CHNE = 1, CHNS = 0, DISEL = 0). Set the data table start
address in SAR, the NDRH address in DAR, and the data table size in CRAH and CRAL.
CRB can be set to any value.

Perform settings for transfer to the TPU's TGR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), normal mode (MD1 = MDO
=0), and word size (Sz1 =0, Sz0 = 1). Set the data table start address in SAR, the TGRA
address in DAR, and the data table size in CRA. CRB can be set to any value.

Locate the TPU transfer information consecutively after the NDR transfer information.

Set the start address of the NDR transfer information to the DTC vector address.

Set the bit corresponding to the TGIA interrupt in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bits in DDR and
NDER for which output is to be performed to 1. Using PCR, select the TPU compare match to
be used as the output trigger.

Set the CST bit in TSTR to 1, and start the TCNT count operation.

Each time a TGRA compare match occurs, the next output value is transferred to NDR and the
set value of the next output trigger period is transferred to TGRA. The activation source TGFA
flag is cleared.

10. When the specified number of transfers are completed (the TPU transfer CRA value is 0), the

TGFA flag is held at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is sent to the
CPU. Termination processing should be performed in the interrupt handling routine.
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8.7.3 Chain Transfer when Counter =0

By executing a second data transfer and performing re-setting of the first data transfer only when

the counter value is 0, it is possible to perform 256 or more repeat transfers.

An example is shown in which a 128-kbyte input buffer is configured. The input buffer is assumed
to have been set to start at lower address H'0000. Figure 8.16 shows the chain transfer when the
counter value is 0.

1.

For the first transfer, set the normal transfer mode for input data. Set the fixed transfer source
address, CRA = H'0000 (65,536 times), CHNE = 1, CHNS = 1, and DISEL = 0.

Prepare the upper 8-bit addresses of the start addresses for 65,536-transfer units for the first
data transfer in a separate area (in ROM, etc.). For example, if the input buffer is configured at
addresses H200000 to H21FFFF, prepare H21 and H'20.

For the second transfer, set repeat transfer mode (with the source side as the repeat area) for re-
setting the transfer destination address for the first data transfer. Use the upper eight bits of
DAR in the first transfer information area as the transfer destination. Set CHNE = DISEL = 0.
If the above input buffer is specified as H200000 to H'21FFFF, set the transfer counter to 2.

Execute the first data transfer 65536 times by means of interrupts. When the transfer counter
for the first data transfer reaches 0, the second data transfer is started. Set the upper eight bits
of the transfer source address for the first data transfer to H21. The lower 16 bits of the
transfer destination address of the first data transfer and the transfer counter are H'0000.

Next, execute the first data transfer the 65536 times specified for the first data transfer by
means of interrupts. When the transfer counter for the first data transfer reaches 0, the second
data transfer is started. Set the upper eight bits of the transfer source address for the first data
transfer to H'20. The lower 16 bits of the transfer destination address of the first data transfer
and the transfer counter are H'0000.

Steps 4 and 5 are repeated endlessly. As repeat mode is specified for the second data transfer,
no interrupt request is sent to the CPU.
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Transfer information

/\/

located on the on-chip memory

Input circuit
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8.8

An interrupt request is issued to the CPU when the DTC finishes the specified number of data
transfers or a data transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to

Figure8.16 Chain Transfer when Counter =0

Interrupt Sources

CPU mask level and priority level control in the interrupt controller.
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8.9 Usage Notes

89.1 M odule Stop M ode Setting

Operation of the DTC can be disabled or enabled using the module stop control register. The
initial setting is for operation of the DTC to be enabled. Register access is disabled by setting
module stop mode. Module stop mode cannot be set while the DTC is activated. For details, see
section 19, Power-Down Modes.

8.9.2 On-Chip RAM

Transfer information can be located in on-chip RAM. In this case, the RAME bit in SYSCR must
not be cleared to 0.

8.9.3 DMAC Transfer End Interrupt

When the DTC is activated by a DMAC transfer end interrupt, the DTE bit of DMDR is not
controlled by the DTC but its value is modified with the write data regardless of the transfer
counter value and DISEL bit setting. Accordingly, even if the DTC transfer counter value
becomes 0, no interrupt request may be sent to the CPU in some cases.

894 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If all interrupts
are disabled, multiple activation sources can be set at one time (only at the initial setting) by
writing data after executing a dummy read on the relevant register.

8.9.5 Chain Transfer

When chain transfer is used, clearing of the activation source or DTCER is performed when the
last of the chain of data transfers is executed. At this time, SCI and A/D converter
interrupt/activation sources, are cleared when the DTC reads or writes to the relevant register.

Therefore, when the DTC is activated by an interrupt or activation source, if a read/write of the
relevant register is not included in the last chained data transfer, the interrupt or activation source
will be retained.
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8.9.6 Transfer Information Start Address, Sour ce Address, and Destination Address

The transfer information start address to be specified in the vector table should be address 4n. If an
address other than address 4n is specified, the lower 2 bits of the address are regarded as Os.

The source and destination addresses specified in SAR and DAR, respectively, will be transferred
in the divided bus cycles depending on the address and data size.

8.9.7 Transfer Information M odification

When IBCCS = 1 and the DMAC is used, clear the IBCCS bit to 0 and then set to 1 again before
modifying the DTC transfer information in the CPU exception handling routine initiated by a DTC
transfer end interrupt.

8.9.8 Endian

The DTC supports the big-endian and little-endian format. However, use the same endian format
for writing and reading the transfer information.
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Section 9 1/0 Ports

Table 9.1 summarizes the port functions. The pins of each port also have other functions such as
input/output pins of on-chip peripheral modules or external interrupt input pins. Each I/O port
includes a data direction register (DDR) that controls input/output, a data register (DR) that stores
output data, a port register (PORT) used to read the pin states, and an input buffer control register
(ICR) that controls input buffer on/off. Port 5 does not have a DR or a DDR register.

Ports D to F, H, and I have internal input pull-up MOSs and a pull-up MOS control register (PCR)
that controls the on/off state of the input pull-up MOSs.

Ports 2 and F include an open-drain control register (ODR) that controls on/off of the output
buffer PMOSs.

All of the I/O ports can drive a single TTL load and capacitive loads up to 30 pF.
All of the I/O ports can drive Darlington transistors when functioning as output ports.

Ports 2 and 3 are Schmitt-trigger inputs. Schmitt-trigger inputs for other ports are enabled when
used as the IRQ, TPU, or TMR inputs.
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I/0O Ports

Table9.1 Port Functions
Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit /O Input Output Input** Function Function
Port 1 General I/O port 7 P17 IRQ7-A/ — IRQ7-A, — —
also functioning TCLKD-B TCLKD-B
as interrupt inputs, P16/SCK3 TRQ6-A/  DACKI-A  IRQB-A,
SCI1/Os, DMAC TCLKG-B TCLKC-B
I/Os, A/ID
converter inputs, 5 P15 RxD3/ TEND1-A IRQ5-A,
and TPU |nputs IRQ5-A/ TCLKB-B
TCLKB-B
4 P14 DREQ1-A/ TxD3 IRQ4-A,
IRQ4-A/ TCLKA-B
TCLKA-B
3 P13 ADTRGO/ — IRQ3-A
IRQ3-A
2 P12/SCK2  IRQ2-A DACKO-A  IRQ2-A
1 P11 RxD2/ TENDO-A IRQ1-A
IRQ1-A
0 P10 DREQO-A/ TxD2 IRQO-A
IRQO-A
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Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit 1/0 Input Output Input ** Function Function
Port2 General I/Oport 7 P27/ TIOCA5 PO7 Allinput — (0]
also functioning TIOCB5 functions
as interrupt inputs, o pog, — PO6/TMO1/ Al input
PPG outputs, TPU TIOCAS5 TxD1 functions
I/Os, TMR I/Os,
and SCI I/Os 5 P25/ TMCI1/ PO5 P25,
TIOCA4 RxD1 TIOCA4,
TMCH
4 P24/ TIOCA4/ PO4 P24,
TIOCB4/ TMRI TIOCB4,
SCKA1 TIOCA4,
TMRI
3 P23/ IRQ11-A/ PO3 All input
TIOCD3 TIOCC3 functions
2 P22/ IRQ10-A PO2/TMOO0/ All input
TIOCCS3 TxDO/ functions
1 P21/ TMCI0/ PO1 P21,
TIOCA3 RxDO0/ IRQ9-A,
IRQ9-A TIOCAS,
T™MCIO
0 P20/ TIOCA3/ POO P20,
TIOCB3/ TMRIO/ IRQ8-A,
SCKO0 IRQ8-A TIOCBS,
TIOCAS,
TMRIO

RENESAS
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Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit 1/O Input Output Input** Function Function
Port 3 General /O port 7 P37/ TIOCA2/ PO15 Allinput — —
also functioning TIOCB2 TCLKD-A functions
as PPGoutputs, " pag — PO14 Al input
DMAC 1/Os, and TIOCA2 functions
TPU I/Os
5 P35/ TIOCA1/ PO13/ All input
TIOCBH1 TCLKC-A DACK1-B  functions
4 P34/ — PO12/ All input
TIOCA1 TEND1-B functions
3 P33/ TIOCCO/ PO11 P33/
TIOCDO TCLKB-A/ TIOCDO/
DREQ1-B TIOCCO/
TCKB-A
2 P32/ TCLKA-A PO10/ All input
TIOCCO DACKO-B functions
1 P31/ TIOCAO POY/ All input
TIOCBO TENDO-B functions
0 P30/ DREQO-B  PO8 P30/
TIOCAO TIOCAO
Port 5 General input port 7 — P57/AN7 DA1 IRQ7-B — —
also functioning IRQ7-B
as AD comvener — P5S6/AN6  DAO TRQ6-B
inputs and D/A IRQ6-B
converter outputs
5 — P55/AN5 — IRQ5-B
IRQ5-B
4 — P54/AN4 — IRQ4-B
IRQ4-B
3 — P53/AN3 — IRQ3-B
IRQ3-B
2 — P52/AN2 — IRQ2-B
IRQ2-B
1 — P51/AN1 — TRQ1-B
RQT-B
0 — P50/ANO — IRQO-B
IRQ0-B
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Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit 1/0 Input Output Input** Function Function
Port6 General I/Oport 7 — — — — — —
also functioning — _ — —
as TMR 1/Os, SCI
/Os, DMAC 1/Os, P65 — TMO3/ —
and interrupt DACK3
inputs 4  Pe4 TMCI3 TEND3 T™CI3
3 P63 TMRI3/ — TMRI3Z/
DREQ3/ IRQ11-B
IRQ11-B
2 P62/SCK4  IRQ10-B TMO2/ IRQ10-B
DACK2
1 P61 TMCI2/ TEND2 TMCI2/
RxD4/ IRQ9-B
IRQ9-B
0 P60 TMRI2/ TxD4 TMCI2/
DREQ2/ IRQ8-B
IRQ8-B
Port A General I/O port 7 — PA7 B¢ — — —
also functioning 6 PA6 _ AS/AH/
as system clock BSB
output and bus —
control 1/0s 5 — — RD
4 PA4 — LHWR/LUB
3 — — LLWR/LLB
2 PA2 BREQ/ —
WAIT
1 PA1 — BACK/
(RD/WR)
0 PAO — BREQO/
BS-A
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Port  Description

Function

110

Input

Schmitt-
Trigger
Input**

Input
Pull-up
MOS
Function

Open-
Drain
Output
Function

Port B General I/O port
also functioning
as bus control
outputs

PB3

PB2

PB1

PBO

CS0/CS4-A/
CS5-B

Port D Address outputs

>

7

NW| Al O|O | N

Port E Address outputs

A15

A14

A13

A12

A1

NW|AlO|O|N| O

A10

—_

A9

A8
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Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit 1/0 Input Output Input** Function Function
Port F General /O port 7 PF7 — A23/CS4-C/ — o*® 0
also functioning CS5-C/
as address CS6-C/
outputs CS7-C
6 PF6 — A22/CS6-D
5 PF5 — A21/CS5-D
4 — — A20
3 — — A19
2 — — A18
1 — — A17
0 — — A16
Port H General /O port 7 D7+ — — — 0 —
also functioning 6 D62 _ -
as bi-directional
2
data bus 5  Ds* — —
4 D4 — —
3 D3** — —
2 D2#* — —
1 D1+ — —
0 DO** — —
Port| General /O port 7 PI7/D15%*  — — — 0 —
also.fupcno.mng 6 PI6/D14* -
as bi-directional
data bus 5 PI5/D13#*  — —
4 Pl4/D12%*  — —
3 PI3/D11*¥  — —
2 PI2/D10*¥ — —
1 PI1/D9** — —
0 PI0/D8*? — —

Notes: 1. Pins without Schmitt-trigger input buffer have CMOS input buffer.
2. Addresses are also output when accessing to the address/data multiplexed I/O space.
3. When enabling the CS output, turn the input pull-up MOS function off before enabling it.
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9.1 Register Descriptions
Table 9.2 lists each port registers.

Table9.2 Register Configuration in Each Port

Number of Registers

Port Pins DDR DR ICR PCR ODR

Port 1 8

Port 2

O| 0|0
O| 0|0

Port 3

Port 5

Port 6+’

Port A

Port D

Port E

Port F

Port H

o|o|ojojo|ojo|o|o|o|o|ol3
py)
—
o|olo|o|o|o|o|o|olo|o|o
|
|

8
8
8
6
8
Port B¥* 4
8
8
8
8
8

O0|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O0|0|0|0| 0

o

Port |

[Legend]
O: Register exists
— No register exists
Notes: 1. The lower six bits are valid and the upper two bits are reserved. The write value should
always be the initial value.
2. The lower four bits are valid and the upper four bits are reserved. The write value
should always be the initial value.
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911 Data Direction Register (PnDDR) (n=1t03,6,A,B,DtoF,H,and )

DDR is an 8-bit write-only register that specifies the port input or output for each bit. A read from
the DDR is invalid and DDR is always read as an undefined value.

When the general I/O port function is selected, the corresponding pin functions as an output port
by setting the corresponding DDR bit to 1; the corresponding pin functions as an input port by
clearing the corresponding DDR bit to 0.

The initial DDR values are shown in table 9.3.

Bit

Bit Name Pn7DDR Pn6DDR Pn5DDR Pn4DDR Pn3DDR Pn2DDR Pn1DDR PnODDR
Initial Value 0 0 0 0 0 0 0 0
R/W w W W w W W W W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

Table9.3 Startup Modeand Initial Value

Startup Mode

Port External Extended Mode
Port A H'80
Other ports H'00

9.1.2 Data Register (PNDR) (n=1t03,6,A,B,DtoF,H,and )

DR is an 8-bit readable/writable register that stores the output data of the pins to be used as the
general output port.

The initial value of DR is H'00.

Bit 7 6 5 4 3 2 1 0
Bit Name Pn7DR Pné6DR Pn5DR Pn4DR Pn3DR Pn2DR Pn1DR PnODR
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.
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9.1.3 Port Register (PORTNn) (n=1t03,5,6,A,B,DtoF,H,and )
PORT is an 8-bit read-only register that reflects the port pin status. A write to PORT is invalid.

When PORT is read, the DR bits that correspond to the respective DDR bits set to 1 are read and
the status of each pin whose corresponding DDR bit is cleared to 0 is also read regardless of the
ICR value.

The initial value of PORT is undefined and is determined based on the port pin status.

Bit 7 6 5 4 3 2 1 0

Bit Name | Pn7 | Pné | Pn5 | Pn4 | Pn3 | Pn2 | Pn1 PnO
Initial Value  Undefined Undefined Undefined Undefined Undefined Undefined Undefined  Undefined
R/W R R R R R R R R

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

9.14 Input Buffer Control Register (PnICR) (n=11t03,5,6,A,B,DtoF,H,and )
ICR is an 8-bit readable/writable register that controls the port input buffers.

For bits in ICR set to 1, the input buffers of the corresponding pins are valid. For bits in ICR
cleared to 0, the input buffers of the corresponding pins are invalid and the input signals are fixed
high.

When the pin functions as an input for the peripheral modules, the corresponding bits should be
set to 1. The initial value should be written to a bit whose corresponding pin is not used as an input
or is used as an analog input/output pin.

If the bits in ICR have been cleared to 0, the pin state is not reflected to the peripheral modules.

When PORT is read, the pin status is always read regardless of the ICR value.
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If ICR is modified, an internal edge may occur depending on the pin status. Accordingly, ICR
should be modified when the corresponding input pins are not used. For example, in IRQ input,
modify ICR while the corresponding interrupt is disabled, clear the IRQF flag in ISR of the interrupt
controller to 0, and then enable the corresponding interrupt. If an edge occurs after the ICR setting,
the edge should be cancelled.

The initial value of ICR is H'00.

Bit 7 6 5 4 3 2 1 0

Bit Name Pn7ICR Pn6ICR Pn5ICR Pn4ICR Pn3ICR Pn2ICR Pn1ICR PnOICR
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

9.15 Pull-Up MOS Control Register (PnPCR) (n=DtoF, H,and I)
PCR is an 8-bit readable/writable register that controls on/off of the port input pull-up MOS.

If a bit in PCR is set to 1 while the pin is in input state, the input pull-up MOS corresponding to
the bit in PCR is turned on. Table 9.4 shows the input pull-up MOS status.

The initial value of PCR is H'00.

Bit

Bit Name Pn7PCR Pn6PCR Pn5PCR Pn4PCR Pn3PCR Pn2PCR Pn1PCR PnOPCR
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Table9.4 Input Pull-Up MOS State

Hardware Software Other

Port Pin State Reset Standby Mode Standby Mode Operation
Port D  Address output OFF

Port output OFF

Port input OFF ON/OFF
Port E  Address output OFF

Port output OFF

Port input OFF ON/OFF
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Hardware Software Other

Port Pin State Reset Standby Mode  Standby Mode Operation
Port F Address output OFF

CS output OFF ON/OFF*

Port input OFF ON/OFF
Port H Data input/output OFF

Port output OFF

Port input OFF ON/OFF
Port | Data input/output OFF

Port output OFF

Port input OFF ON/OFF
[Legend]
OFF: The input pull-up MOS is always off.
ON/OFF: If PCRis setto 1, the input pull-up MOS is on; if PCR is cleared to 0, the input pull-up

MOS is off.
Note: * When enabling the CS output, clear PCR to 0 before enabling it.

9.1.6 Open-Drain Control Register (PNODR) (n=2and F)
ODR is an 8-bit readable/writable register that selects the open-drain output function.

If a bit in ODR s set to 1, the pin corresponding to that bit in ODR functions as an NMOS open-
drain output. If a bit in ODR is cleared to 0, the pin corresponding to that bit in ODR functions as
a CMOS output.

The initial value of ODR is H'00.

Bit 7 6 5 4 3 2 1 0

Bit Name Pn7ODR Pn60ODR Pn50DR Pn4ODR Pn30ODR Pn20DR Pn10ODR PnOODR
Initial Value (0] 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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9.2 Output Buffer Control
This section describes the output priority of each pin.

The name of each peripheral module pin is followed by "_OE". This (for example: MIOCA4_OE)
indicates whether the output of the corresponding function is valid (1) or if another setting is
specified (0). Table 9.5 lists each port output signal's valid setting. For details on the
corresponding output signals, see the register description of each peripheral module. If the name
of each peripheral module pin is followed by A or B, the pin function can be modified by the port
function control register (PFCR). For details, see section 9.3, Port Function Controller.

921 Port 1
(1) P17/IRQ7-A/TCLKD-B

The pin function is switched as shown below according to the P17DDR bit setting.

Setting
I/O Port
Module Name Pin Function P17DDR
I/0 port P17 output 1
P17 input 0

(initial setting)

(2) P16/SCK3/DACKI-AMTRQ6-A/TCLKC-B

The pin function is switched as shown below according to the combination of the DMAC and SCI
register settings and PI6DDR bit setting.

Setting
DMAC SClI I/0 Port
Module Name Pin Function DACK1A_OE SCK3_OE P16DDR
DMAC DACK1-A output 1 — —
SCI SCKS output 0 —
1/0 port P16 output 0 0 1
P16 input 0 0

(initial setting)
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(3) P15/RxD3/TENDI1-A/IRQ5-A/TCLKB-B

The pin function is switched as shown below according to the combination of the DMAC register
setting and P15DDR bit setting.

Setting
DMAC I/O Port
Module Name Pin Function TEND1A_OE P15DDR
DMAC TEND1-A output 1 —
1/0 port P15 output 0 1
P15 input 0 0

(initial setting)

(4) P14/TxD3/DREQ1-A/IRQ4-A/TCLKA-B

The pin function is switched as shown below according to the combination of the SCI register
setting and P14DDR bit setting.

Setting
SClI 1/0 Port
Module Name Pin Function TxD3_OE P14DDR
SCI TxDS3 output 1 —
1/0 port P14 output 0 1
P14 input 0 0

(initial setting)

(5) P13/ADTRGO/IRQ3-A

The pin function is switched as shown below according to the PI3DDR bit setting.

Setting
1/0 Port
Module Name Pin Function P13DDR
I/O port P13 output 1
P13 input 0

(initial setting)
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(6) P12/SCK2/DACKO-A/IRQ2-A

The pin function is switched as shown below according to the combination of the DMAC and SCI
register settings and P12DDR bit setting.

Setting
DMAC SClI 1/0 Port
Module Name Pin Function DACKOA_OE SCK2_OE P12DDR
DMAC DACKO-A output 1 — —
SCI SCK2 output 0 1 —
1/0 port P12 output 0 0 1
P12 input 0 0

(initial setting)

(7) P1URxD2/TENDO-AMRQI-A

The pin function is switched as shown below according to the combination of the DMAC register
setting and P11DDR bit setting.

Setting
DMAC I/O Port
Module Name Pin Function TENDOA_OE P11DDR
DMAC TENDO-A output 1 —
1/0 port P11 output 0 1
P11 input 0 0

(initial setting)
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(8) P10/TxD2/DREQO-A/IRQO-A

The pin function is switched as shown below according to the combination of the SCI register

setting and P10DDR bit setting.

Setting
SClI I/O Port
Module Name  Pin Function TxD2_OE P10DDR
SCI TxD2 output 1 —
1/0 port P10 output 0 1
P10 input 0 0
(initial setting)
9.2.2 Port 2

(1) P27/PO7ITIOCAS/TIOCBS

The pin function is switched as shown below according to the combination of the TPU and PPG

register settings and P27DDR bit setting.

Setting
TPU PPG 1/0 Port

Module Name Pin Function TIOCB5_OE PO7_OE P27DDR
TPU TIOCBS output 1 — —
PPG PO7 output 0 —
1/0 port P27 output 0 1

P27 input 0 0

(initial setting)
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(2) P26/PO6/TIOCASTMOLTXD1

The pin function is switched as shown below according to the combination of the TPU, TMR,
SCI, and PPG register settings and P26DDR bit setting.

Setting
TPU TMR SCI PPG 1/0 Port
Module Name Pin Function TIOCA5 OE TMO1 OE TxDl1 OE PO6_OE P26DDR
TPU TIOCAS output 1 — — — —
TMR TMO1 output 0 1 — — —
SCI TxD1 output 0O 0 1 — —
PPG PO6 output 0 0 0 1 —
1/0 port P26 output 0 0 0 1
P26 input 0 0 0 0

(initial setting)

(3) P25/POS/TIOCA4/TMCILRxD1

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P25DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCA4_OE PO5_OE P25DDR
TPU TIOCA4 output 1 — —
PPG PO5 output 0 1 —
I/0 port P25 output 0 0 1
P25 input 0 0

(initial setting)

Rev.2.00 Jun. 28, 2007 Page 359 of 784
RENESAS REJ09B248-0200



Section 9 I/0O Ports

4) P24/PO4ITIOCA4/TIOCB4/ITMRIYSCK1

The pin function is switched as shown below according to the combination of the TPU, SCI, and
PPG register settings and P24DDR bit setting.

Setting
TPU SCI PPG I/0 Port
Module Name Pin Function TIOCB4_OE SCK1 OE PO4_OE P24DDR
TPU TIOCB4 output 1 — — —
SCI SCK1 output 0 1 — —
PPG PO4 output 0 0 —
I/0 port P24 output 0 0 1
P24 input 0 0 0

(initial setting)

(5) P23/PO3/TIOCC3/TIOCD3/IRQ11-A

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P23DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCD3_OE PO3_OE P23DDR
TPU TIOCDS3 output 1 — —
PPG PO3 output 0 —
I/0O port P23 output 0 0 1
P23 input 0 0

(initial setting)

Rev.2.00 Jun. 28, 2007 Page 360 of 784
REJ09B248-0200 RENESAS



Section 9 I/O Ports

(6) P22/PO2/TIOCC3/TMOO/TXDOMRQ10-A

The pin function is switched as shown below according to the combination of the TPU, TMR,
SCI, and PPG register settings and P22DDR bit setting.

Setting
TPU TMR SCI PPG 1/0 Port

Module Name Pin Function TIOCC3_OE TMOO _OE TxD0O _OE PO2_OE P22DDR
TPU TIOCC3 1 — — — —

output
TMR TMOO output 0 1 — — —
SClI TxDO output 0O 0 1 — —
PPG PO2 output 0 0 0 1 —
1/0 port P22 output 0 0 0

P22 input 0 0 0 0

(initial setting)

(7) P21/POLTIOCA3/TMCIO/RXxDO/MRQY-A

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P21DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCA3_OE PO1_OE P21DDR
TPU TIOCAS output 1 — —
PPG PO1 output 0 —
I/O port P21 output 0
P21 input 0 0

(initial setting)
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(8) P20/POO/TIOCA3ITIOCB3/TMRIO/SCKOIRQS-A

The pin function is switched as shown below according to the combination of the TPU, SCI, and
PPG register settings and P20DDR bit setting.

Setting
TPU SClI PPG I/O Port
Module Name Pin Function TIOCB3_OE SCKO_OE POO_OE P20DDR
TPU TIOCB3 output 1 — — —
SCI SCKO output 0 1 — —
PPG POO output 0 0 —
I/O port P20 output 0 0 1
P20 input 0 0 0

(initial setting)

9.2.3 Port 3
(1) P37/PO15/TIOCA2/TIOCB2/ITCLKD-A

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P37DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCB2_OE PO15 OE P37DDR
TPU TIOCB2 output 1 — —
PPG PO15 output 0 —
I/0 port P37 output 0
P37 input 0 0

(initial setting)

Rev.2.00 Jun. 28, 2007 Page 362 of 784
REJ09B248-0200 RENESAS



Section 9 I/O Ports

(2) P36/PO14/TIOCA2

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P36DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCA2_OE PO14_OE P36DDR
TPU TIOCAZ2 output 1 — —
PPG PO14 output 0 —
I/0O port P36 output 0
P36 input 0 0

(initial setting)

(3) P35/PO13/TIOCALTIOCBLTCLKC-A/DACK1-B

The pin function is switched as shown below according to the combination of the DMAC, TPU,
and PPG register settings and P35DDR bit setting.

Setting
DMAC TPU PPG I/O Port
Module Name  Pin Function DACKIB_OE TIOCB1 OE PO13 OE P35DDR
DMAC DACK1-B output 1 — — —
TPU TIOCB1 output 0 1 — —
PPG PO13 output 0 0 —
I/0O port P35 output 0 0 1
P35 input 0 0 0

(initial setting)
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(4) P34/PO12/TIOCALTENDI-B

The pin function is switched as shown below according to the combination of the DMAC, TPU,
and PPG register settings and P34DDR bit setting.

Setting
DMAC TPU PPG /0 Port
Module Name Pin Function TEND1B_OE TIOCAl OE PO12_OE P34DDR
DMAC TEND1-B output 1 — — —
TPU TIOCA1 output 0 1 — —
PPG PO12 output 0 0 —
I/O port P34 output 0 0 1
P34 input 0 0 0

(initial setting)

(5) P33/PO1UTIOCCO/TIOCDO/TCLKB-A/DREQ1-B

The pin function is switched as shown below according to the combination of the TPU and PPG
register settings and P33DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCDO_OE PO11 OE P33DDR
TPU TIOCDO output 1 — —
PPG PO11 output 0 —
1/0 port P33 output 0 0 1
P33 input 0 0

(initial setting)
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(6) P32/PO10/TIOCCO/TCLKA-A/DACKO-B

The pin function is switched as shown below according to the combination of the DMAC, TPU,
and PPG register settings and P32DDR bit setting.

Setting
DMAC TPU PPG /0 Port
Module Name Pin Function DACKOB_OE TIOCCO OE PO10_OE P32DDR
DMAC DACKO-B output 1 — — —
TPU TIOCCO output 0 1 — —
PPG PO10 output 0 0 —
I/0 port P32 output 0 0 1
P32 input 0 0 0

(initial setting

(7) P3UPO9TIOCAO/TIOCBO/TENDO-B

The pin function is switched as shown below according to the combination of the DMAC, TPU,
and PPG register settings and P31DDR bit setting.

Setting
DMAC TPU PPG /O Port
Module Name Pin Function TENDOB OE TIOCBO OE PQ9 OE P31DDR
DMAC TENDO-B output 1 — — —
TPU TIOCBO output 0 1 — —
PPG PO9 output 0 0 1 —
I/O port P31 output 0 0 1
P31 input 0 0 0

(initial setting)
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(8) P30/POS/DREQO-B/TIOCAO

The pin function is switched as shown below according to the combination of the TPU and PPG

register settings and P30DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCAO_OE PO8_OE P30DDR
TPU TIOCAO output 1 — —
PPG PO8 output 0 —
1/0 port P30 output 0 1
P30 input 0 0

(initial setting)

924 Port 5
(1) P57/AN7/DAVIRQ7-B:

Module Name Pin Function

D/A converter  DAT1 output

(2) P56/AN6/DAOTRQ6-B:

Module Name Pin Function

D/A converter  DAO output
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925  Port6
(1) P65 TMO3/DACK3

The pin function is switched as shown below according to the combination of the DMAC and
TMR register settings and P65SDDR bit setting.

Setting
DMAC TMR I/O Port
Module Name  Pin Function DACK3_OE TMO3_OE P65DDR
DMAC DACKS output 1 — —
TMR TMOS output 0 1 —
1/0 port P65 output 0 0 1
P65 input 0 0

(initial setting)

(2) P64/TMCI3TEND3

The pin function is switched as shown below according to the combination of the DMAC register
setting and P64DDR bit setting.

Setting
DMAC I/0 Port
Module Name  Pin Function TEND3_OE P64DDR
DMAC TENDS output 1 —
1/0 port P64 output 0 1
P64 input 0 0

(initial setting)
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(3) P63 TMRI3/DREQ3/IRQ11-B

The pin function is switched as shown below according to the P63DDR bit setting.

Setting
1/0 Port
Module Name Pin Function P63DDR
I/0 port P63 output 1
P63 input 0

(initial setting)

4) P62TMO2/SCK4/DACK2/IRQ10-B

The pin function is switched as shown below according to the combination of the DMAC, TMR,
and SCI register settings and P62DDR bit setting.

Setting
DMAC TMR scl I/O Port
Module Name Pin Function DACK2 OE TMO2 OE  SCK4 OE P62DDR
DMAC DACK2 output 1 — — —
TMR TMO2 output 0 1 — —
SCI SCK4 output 0 0 —
I/O port P62 output 0 0 1
P62 input 0 0 0

(initial setting)
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(5) P6VTMCI2/RxD4/TEND2/IRQ9-B

The pin function is switched as shown below according to the combination of the DMAC register
setting and P61DDR bit setting.

Setting
DMAC /0 Port
Module Name Pin Function TEND2_OE P61DDR
DMAC TEND2 output 1 —
1/0 port P61 output 0 1
P61 input 0 0

(initial setting)

(6) P60/TMRI2/TxD4/DREQ2/IRQ8-B

The pin function is switched as shown below according to the combination of the SCI register
setting and P6ODDR bit setting.

Setting
SClI I/O Port
Module Name Pin Function TxD4_OE P60DDR
SCI TxD4 output 1 —
1/0 port P60 output 0 1
P60 input 0 0

(initial setting)
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9.2.6 Port A
1) PA7/Bo
The pin function is switched as shown below according to the PA7DDR bit setting.

Setting
1/0 Port

Module Name Pin Function PA7DDR

1/0 port B¢ output* 1
(initial setting)
PA7 input 0

Note: * The type of ¢ to be output switches according to the POSEL1 bit in SCKCR. For details,
see section 18.1.1, System Clock Control Register (SCKCR).

(2) PAG/AS/AH/BS-B

The pin function is switched as shown below according to the combination of bus controller
register, port function control register (PFCR), and the PA6DDR bit settings.

Setting
Bus Controller 1/0 Port

Module Name  Pin Function ~ AH_OE BS-B_OE AS_OE PAGDDR
Bus controller  AH output 1 — — —

BS-B output 0 1 — —

AS output 0 0 1 —

(initial setting)
I/0 port PAB6 output 0

PAG input 0 0 0 0
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(3) PASRD

The pin function is always RD output.

Setting
MCU Operating Mode I/O Port
Module Name Pin Function EXPE PA5DDR
RD output
Bus controller  (initial setting) 1 —

(4) PA4LHWR/LUB

The pin function is switched as shown below according to the combination of bus controller
register, port function control register (PFCR), and the PA4DDR bit settings.

Setting
Bus Controller I/O Port

Module Name  Pin Function LUB_OE* LHWR_OE* PA4DDR
Bus controller ~ LUB output 1 — —

LHWR output — 1 —

(initial setting)
1/0 port PA4 output 0 0 1

PA4 input 0 0 0

Note: * When the byte control SRAM space is accessed while the byte control SRAM space is
specified or while LHWROE =1, this pin functions as the LUB output; otherwise, the

LHWR output.

(5 PA3LLWR/LLB

The pin function is switched as shown below according to the bus controller register setting.

Setting
Bus Controller I/O Port
Module Name Pin Function LLB_OE* LLWR_OE* PA3DDR
Bus controller  LLB output 1 — —
LLWR output — 1 —

(initial setting)
Note: * If the byte control SRAM space is accessed, this pin functions as the LLB output;
otherwise, the LLWR.
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(6) PA2BREQ/WAIT

The pin function is switched as shown below according to the combination of the bus controller
register setting and PA2DDR bit setting.

Setting
Bus Controller I/O Port
Module Name Pin Function BCR_BRLE BCR_WAITE PA2DDR
Bus controller ~ BREQ input 1 — —
WAIT input 0 1 —
1/0 port PA2 output 0 0 1
PA2 input 0 0

(initial setting)

(7) PALBACK/(RD/WR)

The pin function is switched as shown below according to the combination of bus controller
register, port function control register (PFCR), and the PA1DDR bit settings.

Setting

Bus Controller 1/0 Port

Byte control
SRAM .
Module Name Pin Function BACK_OE Selection (RD/WR)_OE PA1DDR

—_

Bus controller  BACK output

RD/WR output 0 1 — —
0 0 —
I/0 port PA1 output 0 0
PA1 input 0 0 0

(initial setting)
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(8) PAO/BREQO/BS-A

The pin function is switched as shown below according to the combination of bus controller
register, port function control register (PFCR), and the PAODDR bit settings.

Setting
1/0 Port Bus Controller I/O Port
Module Name  Pin Function BS-A_OE BREQ_OE PAODDR
Bus controller ~ BS-A output 1 — —
BREQO output 0 1 —
1/0 port PAO output 0 0 1
PAO input 0 0

(initial setting)

9.2.7 Port B
(1) PB3/CS3/CS7-A

The pin function is switched as shown below according to the combination of port function control
register (PFCR) and the PB3DDR bit settings.

Setting
I/O Port
Module Name  Pin Function CS3 OE CS7A_OE PB3DDR
Bus controller ~ CS3 output 1 — —
CS7-A output — 1 _
I/0 port PB3 output 0 1
PB3 input 0 0

(initial setting)
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(2) PB2/CS2-AICS6-A

The pin function is switched as shown below according to the combination of port function control
register (PFCR) and the PB2DDR bit settings.

Setting
I/O Port
Module Name Pin Function CS2A OE CS6A_OE PB2DDR
Bus controller ~ CS2-A output 1 — —
CS6-A output — 1 —
1/0 port PB2 output 0 0 1
PB2 input 0 0

(initial setting)

(3) PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B

The pin function is switched as shown below according to the combination of port function control
register (PFCR) and the PB1DDR bit settings.

Setting
I/O Port
Module Name Pin Function CS1_OE CS2B_OE CS5A_OE CS6B_OE CS7B_OE PB1DDR
Bus controller ~ CS1 output 1 — — — — —
CS2-B output — 1 — — — —
CS5-A output — — 1 — — —
CS6-B output — — — 1 — —
CS7-B output — — — — 1 —
1/0 port PB1 output 0 0 0 0 0 1
PB1 input 0 0 0 0 0 0
(initial setting)
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(4) PBO/CS0/CS4-A/CS5-B

The pin function is switched as shown below according to the combination of port function control
register (PFCR) and the PBODDR bit settings.

Setting
I/O Port
Module Name Pin Function CS0_OE CS4A OE CS5B_OE PBODDR
Bus controller ~ CSO0 output 1 — — _
(initial setting)
CS4-A output — 1 — _
CS5-B output — — 1 _
1/0 port PBO output 0
PBO input 0 0 0 0

9.2.8 Port D
(1) PD7/A7, PD6/A6, PD5/A5, PD4/A4, PD3/A3, PD2/A2, PD1/AL, PDO/AO
The pin function is always address output.

Setting
1/0 Port
Module Name Pin Function PDnDDR

Bus controller ~ Address output —

[Legend]
n=0to7
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9.29 Port E
(1) PE7/A15, PE6/A14, PES/A13, PE4/A12, PE3/A11, PE2/A10, PEL/A9, PEO/AS
The pin function is always address output.

Setting
1/0 Port
Module Name Pin Function PEnDDR

Bus controller  Address output —

[Legend]
n=0to7

9210 PortF
(1) PF7/A23/CS4-C/CS5-C/CS6-C/CS7-C

The pin function is switched as shown below according to the combination of port function control
register (PFCR) and the PF7DDR bit settings.

Setting
1/0 Port

CS4-C (CS5C CS6-C CS7-C
Module Name Pin Function A23 OE output output output output PF7DDR

Bus controller  A23 output
CS4-C output
CS5-C output
CS6-C output
CS7-C output

I/O port PF7 output

1 — — — —

— 1 — — —

o|o|Oo|Oo|Oo|O| =
|
|
—
|
|

PF7 input
(initial setting)
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(2) PF6/A22/CS6-D

The pin function is switched as shown below according to the combination of port function control
register (PFCR) and the PF6DDR bit settings.

Setting
I/O Port
Module Name Pin Function A22_OE CS6D_OE PF6DDR
Bus controller ~ A22 output 1 — —
CS6-D output 0 —
1/O port PF6 output 0 1
PF6 input 0 0

(initial setting)

(3) PF5/A21/CS5-D

The pin function is switched as shown below according to the combination of port function control
register (PFCR) and the PFSDDR bit settings.

Setting
I/O Port
Module Name  Pin Function A21_OE CS5D_OE PF5DDR
Bus controller ~ A21 output 1 — —
CS5-D output 0 1 —
I/0 port PF5 output 0 1
PF5 input 0 0
(initial setting)
(4) PF4/A20

The pin function is always address output.

Setting
1/0 Port
Module Name Pin Function = PF4DDR
Bus controller A20 output —
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(5) PF3/A19
The pin function is always address output.

Setting

1/0 Port

Module Name Pin Function PF3DDR

Bus controller A19 output —

(6) PF2/A18
The pin function is always address output.

Setting

1/0 Port

Module Name Pin Function PF2DDR

Bus controller A18 output —

(7) PFUA17
The pin function is always address output.

Setting

1/0 Port

Module Name Pin Function PF1DDR

Bus controller A17 output —

(8) PFO/A16

The pin function is always address output.

Setting

1/0 Port

Module Name Pin Function PFODDR

Bus controller A16 output —
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9211 PortH

(1) PH7/D7, PH6/D6, PH5/D5, PH4/D4, PH3/D3, PH2/D2, PH1/D1, PHO/DO

The pin function is always data input/output.

Setting

1/0 Port

Module Name Pin Function PHNDDR

Bus controller Data I/O —
(initial setting)

9212 Portl

(1) PI7/D15, PI6/D14, PI5/D13, P14/D12, PI13/D11, PI12/D10, PI /D9, PI0/D8

The pin function is switched as shown below according to the combination of operating mode, bus

mode, and the PInDDR bit settings.

Setting
Bus Controller 1/10 Port
Module Name Pin Function 16-Bit Bus Mode PInDDR
Bus controller Data I/O 1 —
(mode 4 initial
setting)
1/0 port PIn output 1
PIn input 0
(mode 5 initial
setting)
[Legend]
n=0to7

RENESAS
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Table9.5 Available Output Signalsand Settingsin Each Port

Output Output
Specification  Signal Signal Selection
Port Signal Name  Name Register Settings Peripheral Module Settings

P1 6 DACK1A_OE DACK1 PFCR7.DMAS1[AB]= DACR.AMS =1, DMDR.DACKE = 1
00

SCK3_OE SCK3 When SCMR_3.SMIF = 1:
SCR_3.TE =1 or SCR_3.RE = 1 while SMR_3.GM =0,
SCR_3.CKE [1, 0] = 01 or while SMR_3.GM = 1

When SCMR_3.SMIF = 0:

SCR_3.TE=10r SCR_3.RE=1

while SMR_3.C/A = 0, SCR_3.CKE [1, 0] = 01 or
while SMR_3.C/A =1, SCR_3.CKE 1=0

5 TEND1A_OE  TEND1 PFCR7.DMAS1[A,B] = DMDR.TENDE =1
00

4 TxD3_OE TxD3 SCR.TE=1

2 DACKOA_OE  DACKO PFCR7.DMASOQ[A,B]= DACR.AMS =1, DMDR.DACKE = 1
00

SCK2_OE SCK2 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while SMR.GM =0,
SCR.CKE [1, 0] = 01 or while SMR.GM = 1

When SCMR.SMIF = 0:

SCR.TE =1 or SCR.RE =1

while SMR.C/A = 0, SCR.CKE [1, 0] = 01 or
while SMR.C/A =1, SCR.CKE1=0

1 TENDOA_OE  TENDO PFCR7.DMASO[A,B]= DMDR.TENDE =1

00
0 TxD2_OE TxD2 SCR.TE =1
P2 7 TIOCB5_OE TIOCB5 TPU.TIOR5.10B3 = 0, TPU.TIOR5.10BJ[1,0] = 01/10/11

PO7_OE PO7 NDERL.NDER7 =1

6 TIOCA5_OE TIOCA5 TPU.TIOR5.I0A3 = 0, TPU.TIOR5.10A[1,0] = 01/10/11
TMO1_OE TMO1 TCSR.0S3,2 = 01/10/11 or TCSR.OSJ[1,0] = 01/10/11
TxD1_OE TxD1 SCR.TE=1
PO6_OE PO6 NDERL.NDERS6 = 1
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Output Output
Specification  Signal Signal Selection
Port Signal Name  Name Register Settings Peripheral Module Settings
P2 TIOCA4_OE TIOCA4 TPU.TIOR4.10A3 = 0, TPU.TIOR4.10A[1,0] = 01/10/11
PO5_OE PO5 NDERL.NDER5 = 1
TIOCB4_OE TIOCB4 TPU.TIOR4.10B3 = 0, TPU.TIOR4.10B[1,0] = 01/10/11
SCK1_OE SCK1 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or while SMR.GM = 1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE =1
while SMR.C/A = 0, SCR.CKE [1, 0] = 01 or
while SMR.C/A =1, SCR.CKE 1 =0
PO4_OE PO4 NDERL.NDER4 = 1
TIOCD3_OE TIOCD3 TPU.TMDR.BFB = 0, TPU.TIORL3.10D3 = 0,
TPU.TIORL3.10D[1,0] = 01/10/11
PO3_OE PO3 NDERL.NDER3 = 1
TIOCC3_OE TIOCC3 TPU.TMDR.BFA =0, TPU.TIORL3.I0C3 = 0,
TPU.TIORL3.10D[1,0] = 01/10/11
TMOO_OE TMOO0 TCSR.0S[3,2] = 01/10/11 or TCSR.OS[1,0] = 01/10/11
TxDO_OE TxDO SCR.TE =1
PO2_OE PO2 NDERL.NDER2 = 1
TIOCA3_OE TIOCA3 TPU.TIORH3.IOA3 = 0, TPU.TIORH3.I0A[1,0] = 01/10/11
PO1_OE PO1 NDERL.NDER1 =1
TIOCB3_OE TIOCB3 TPU.TIORH3.I10B3 = 0, TPU.TIORH3.10B[1,0] = 01/10/11
SCKO0_OE SCKO When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or
while SMR.GM = 1
When SCMR.SMIF = 0:
SCR.TE = 1 or SCR.RE = 1 while
SMR.C/A =0, SCR.CKE [1, 0] = 01 or while SMR.C/A =1,
SCR.CKE1=0
POO_OE POO NDERL.NDERO = 1

RENESAS
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Output Output
Specification  Signal Signal Selection
Port Signal Name  Name Register Settings Peripheral Module Settings
P3 7 TIOCB2_OE TIOCB2 TPU.TIOR2.10B3 = 0, TPU.TIOR2.10BJ[1,0] = 01/10/11
PO15_OE PO15 NDERH.NDER15 = 1
6 TIOCA2_OE TIOCA2 TPU.TIOR2.10A3 = 0, TPU.TIOR2.10A[1,0] = 01/10/11
PO14_OE PO14 NDERH.NDER14 =1
5 DACK1B_OE DACK1 PFCR7.DMAS1[AB]= DACR.AMS =1, DMDR.DACKE = 1
01
TIOCB1_OE TIOCBH1 TPU.TIOR1.10B3 = 0, TPU.TIOR1.10B[1,0] = 01/10/11
PO13_OE PO13 NDERH.NDER13 =1
4 TEND1B_OE  TEND1 PFCR7.DMAS1[A,B]= DMDR.TENDE =1
01
TIOCA1_OE TIOCA1 TPU.TIOR1.I0A3 = 0, TPU.TIOR1.I0A[1,0] = 01/10/11
PO12_OE PO12 NDERH.NDER12 =1
3 TIOCDO_OE TIOCDO TPU.TMDR.BFB = 0, TPU.TIORLO0.10D3 = 0,
TPU.TIORLO0.10OD[1,0] = 01/10/11
PO11_OE PO11 NDERH.NDER11 =1
2 DACKOB_OE DACKO PFCR7.DMASO[A,B]= DACR.AMS =1, DMDR.DACKE = 1
01
TIOCCO_OE TIOCCO TPU.TMDR.BFA =0, TPU.TIORLO0.IOC3 = 0,
TPU.TIORLO0.10OD[1,0] = 01/10/11
PO10_OE PO10 NDERH.NDER10 = 1
1 TENDOB_OE TENDO PFCR7.DMASO[A,B]= DMDR.TENDE =1
01
TIOCBO_OE TIOCBO TPU.TIORH0./10B3 =0,
TPU.TIORHO0.10B[1,0] = 01/10/11
PO9_OE PO9 NDERH.NDERS9 = 1
0 TIOCAO_OE TIOCAO TPU.TIORHO0.IOA3 =0,
TPU.TIORHO.I0A[1,0] = 01/10/11
PO8_OE PO8 NDERH.NDERS = 1
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Output Output
Specification  Signal Signal Selection
Port Signal Name  Name Register Settings Peripheral Module Settings
P6 DACK3_OE DACK3 PFCR7.DMAS3[A,B] = DACR.AMS =1, DMDR.DACKE = 1
01
TMO3_OE TMO3 TCSR.0S[3,2] = 01/10/11 or TCSR.OS[1,0] = 01/10/11
TEND3_OE TEND3 PFCR7.DMAS3[A,B]= DMDR.TENDE =1
01
DACK2_OE DACK2 PFCR7.DMAS2[A,B]= DACR.AMS =1, DMDR.DACKE = 1
01
TMO2_OE TMO2 TCSR.0S[3,2] = 01/10/11 or TCSR.OS[1,0] = 01/10/11
SCK4_OE SCK4 When SCMR.SMIF = 1:
SCR.TE = 1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or
while SMR.GM = 1
When SCMR.SMIF = 0:
SCR.TE = 1 or SCR.RE = 1 while
SMR.C/A =0, SCR.CKE [1, 0] =01 or
while SMR.C/A =1, SCR.CKE 1=0
TEND2_OE TEND2 PFCR7.DMAS2[A,B]= DMDR.TENDE = 1
01
TxD4_OE TxD4 SCR.TE=1
PA B¢_OE Bé PADDR.PA7DDR = 1, SCKCR.POSEL1 =0
AH_OE AH MPXCR.MPXEn (n=71t03) =1
BS-B_OE BS PFCR2.BSS =1 PFCR2.BSE =1
AS_OE AS PFCR2.ASOE = 1
RD_OE RD
LUB_OE LUB PFCR6.LHWROE = 1 or SRAMCR.BCSELn =1
LHWR_OE LHWR PFCR6.LHWROE = 1
LLB_OE LB SRAMCR.BCSELnN = 1
LLWR_OE LLWR SRAMCR.BCSELn =0
BACK_OE BACK BCR1.BRLE =1
(RD/WR)_OE  RD/WR PFCR2.REWRE = 1 or SRAMCR.BCSELn = 1
BS-A_OE BS PFCR2.BSS =0 PFCR2.BSE =1
BREQO_OE BREQO BCR1.BRLE = 1, BCR1.BREQOE = 1
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Output Output
Specification  Signal Signal Selection
Port Signal Name  Name Register Settings Peripheral Module Settings
PB 3 CS3.0E CS3 PFCRO.CSS3E = 1
CS7A_OE CS7 PFCR1.CS7S[A,B] =00 PFCRO.CS7E =1
2 CS2A OE Cs2 PFCR2.CS2S =0 PFCRO.CS2E = 1
CS6A_OE CS6 PFCR1.CS6S[A,B] =00 PFCRO0.CS6E = 1
1 CS1.OE CcsT PFCRO.CS1E =1
CS2B_OE Ccs2 PFCR2.CS2S = 1 PFCRO.CS2E = 1
CS5A_OE CS5 PFCR1.CS5S[A,B] =00 PFCRO0.CSS5E = 1
CS6B_OE CS6 PFCR1.CS6S[A,B] =01 PFCRO.CS6E = 1
CS7B_OE CS7 PFCR1.CS7S[A,B] =01 PFCRO0.CS7E =1
0 CS0.OE Cso PFCRO.CSOE = 1
CS4A_OE CS4 PFCR1.CS4S[A,B] =00 PFCRO0.CS4E =1
PFCR0.CS4E = 1
CS5B_OE CS5 PFCR1.CS5S[A,B] =01 PFCRO.CS5E = 1
PD 7 A7_OE A7
6  A6_OE A6
5 A5 OE A5
4 A4 OE A4
3 A3 OE A3
2 A2 OE A2
1 A1_OE Al
0 A0_OE A0
PE 7 A15_0E A15
6 A14_OE Al4
5  A13_OE A13
4 A2 OE A12
3 A11_OE A1
2 A10_OE A10
1 A9_OE A9
0 A8_OE A8
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Output Output
Specification  Signal Signal Selection
Port Signal Name  Name Register Settings Peripheral Module Settings
PF A23_OE A23 PFCR4.A23E = 1
CS4C_OE Cs4 PFCR1.CS4S[A,B]= 10 PFCR0.CS4E = 1
CS5C_OE CS5 PFCR1.CS5S[A,B]= 10 PFCR0.CS5E = 1
CS6C_OE Cse PFCR1.CS6S[AB] =10 PFCRO.CS6E = 1
CS7C_OE CS7 PFCR1.CS7S[A,B]=10 PFCR0.CS7E =1
A22_OE A22 PFCR4.A22E = 1
CS6D_OE CS6 PFCR1.CS6S[A,B] =11  PFCRO0.CS6E = 1
A21_OE A21 PFCR4.A21E =1
CS5D_OE CS5 PFCR1.CS5S[A,B]= 11 PFCRO.CSS5E = 1
A20_OE A20
A19_OE A19
A18_OE A18
A17_OE A17
A16_OE A16
PH D7_E D7
D6_E D6
D5_E D5
D4_E D4
D3_E D3
D2_E D2
D1_E D1
DO_E DO
PI D15_E D15 ABWCR.ABW[H,L]n = 01
D14_E D14 ABWCR.ABW[H,L]n = 01
D13_E D13 ABWCR.ABW[H,L]n = 01
D12_E D12 ABWCR.ABW[H,L]n = 01
D11_E D11 ABWCR.ABW[H,L]n = 01
D10_E D10 ABWCR.ABW[H,L]n = 01
D9_E D9 ABWCR.ABW[H,L]n = 01
D8_E D8 ABWCR.ABW[H,L]n = 01
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9.3 Port Function Controller
The port function controller controls the I/O ports.
The port function controller incorporates the following registers.

e Port function control register 0 (PFCRO)
e Port function control register 1 (PFCR1)
e Port function control register 2 (PFCR2)
e Port function control register 4 (PFCR4)
e Port function control register 6 (PFCRO6)
e Port function control register 7 (PFCR7)
e Port function control register 9 (PFCR9)
e Port function control register B (PFCRB)
e Port function control register C (PFCRC)

931 Port Function Control Register 0 (PFCRO0)

PFCRO enables/disables the CS output.

Bit 7 6 5 4 3 2 1 0

Bit Name CS7E CS6E CS5E CS4E CS3E CS2E CS1E CSOE

Initial Value 0 0 0 0 0 0 0 1

R/W R/W R/W R/W R/W RW R/W R/W R/W
Initial

Bit Bit Name Value R/W Description

7 CS7E 0 R/W CS7 to CS0 Enable

6 CS6E 0 R/W These bits enable/disable the corresponding CSn

5 CS5E 0 Rw  output

4 CSA4E 0 R/W 0: Pin functions as I/.i)ort

3 CSaE 0 R/W 1: Pin functions as CSn output pin

2 CS2E 0 Rw (=710

1 CS1E 0 R/W

0 CSOE 1 R/W
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932 Port Function Control Register 1 (PFCR1)

PFCRI1 selects the CS output pins.

Bit 7 6 5 4 3 2 1 0

Bit Name CS7SA CS7SB CS6SA CS6SB CS5SA CS5SB CS4SA CS4SB

Initial Value 0 0 0 0 0 0 0 0

R/W R/IW R/W R/W R/W RW R/W R/W RIW
Initial

Bit Bit Name Value R/W Description

7 CS7SA* 0 R/W CS7 Output Pin Select

6 CS7SB* 0 R/W Selects the output pin for CS7 when CS7 output is

enabled (CS7E = 1)
00: Specifies pin PB3 as CS7-A output
01: Specifies pin PB1 as CS7-B output
10: Specifies pin PF7 as CS7-C output
11: Setting prohibited

5 CS6SA* 0 R/W  CS6 Output Pin Select

CS6SB* 0 R/W Selects the output pin for CS6 when CS6 output is
enabled (CS6E = 1)

00: Specifies pin PB2 as CS6-A output

01: Specifies pin PB1 as CS6-B output

10: Specifies pin PF7 as CS6-C output

11: Specifies pin PF6 as CS6-D output
CS58A* 0 R/W  CS5 Output Pin Select

2 CS5SB* 0 R/W Selects the output pin for CS5 when CS5 output is
enabled (CS5E = 1)

00: Specifies pin PB1 as CS5-A output
01: Specifies pin PB0 as CS5-B output
10: Specifies pin PF7 as CS5-C output
11: Specifies pin PF5 as CS5-D output
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Initial
Bit Bit Name Value R/W Description
1 CS4SA* 0 R/W CS4 Output Pin Select
0 CS4SB* 0 R/W Selects the output pin for CS4 when CS4 output is

enabled (CS4E = 1)

00: Specifies pin PBO as CS4-A output
01: Setting prohibited

10: Specifies pin PF7 as CS4-C output
11: Setting prohibited

Note: * If multiple CS outputs are specified to a single pin according to the CSn output pin
select bits (n=4 to 7), multiple CS signals are output from the pin. For details, see
section 6.5.3, Chip Select Signals.

9.33 Port Function Control Register 2 (PFCR2)

PFCRI1 selects the CS output pin, enables/disables bus control I/O, and selects the bus control /O

pins.

Bit 7 6 5 4 3 2 1 0
Bit Name — Cs2s BSS BSE — RDWRE ASOE —
Initial Value 0 0 0 0 0 0 1 0
R/W R/IW R/W R/W R/W RW R/W R/W R/IW
Initial
Bit Bit Name Value R/W Description
7 — 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
6 CS2s* 0 R/W  CS2 Output Pin Select

Selects the output pin for CS2 when CS2 output is
enabled (CS2E = 1)

0: Specifies pin PB2 as CS2-A output pin
1: Specifies pin PB1 as CS2-B output pin
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Initial
Bit Bit Name Value R/W

Description

5 BSS 0 R/W

BS Output Pin Select

Selects the BS output pin

0: Specifies pin PAO as BS-A output pin
1: Specifies pin PA6 as BS-B output pin

4 BSE 0 R/W

BS Output Enable
Enables/disables the BS output
0: Disables the BS output

1: Enables the BS output

Reserved

This bit is always read as 0. The write value should
always be 0.

2 RDWRE** 0 R/W

RD/WR Output Enable
Enables/disables the RD/WR output
0: Disables the RD/WR output

1: Enables the RD/WR output

1 ASOE 1 R/W

AS Output Enable

Enables/disables the AS output

0: Specifies pin PA6 as 1/O port

1: Specifies pin PA6 as AS output pin

Reserved

This bit is always read as 0. The write value should
always be 0.

Notes: 1. If multiple CS outputs are specified to a single pin according to the CS2 output pin
select bit, multiple CS signals are output from the pin. For details, see section 6.5.3,

Chip Select Signals.

2. If an area is specified as a byte control SDRAM space, the pin functions as RD/WR

output.
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9.34 Port Function Control Register 4 (PFCR4)

PFCR4 enables/disables the address output.

Bit 7 6 5 4 3 2 1 0

Bit Name A23E A22E A21E — — — — —

Initial Value 0 0 0 1 1 1 1 1

R/W R/IW R/W R/W R/W RW R/W R/W RIW
Initial

Bit Bit Name Value R/W Description

7 A23E 0 R/W Address A23 Enable

Enables/disables the address output (A23)
0: Disables the A23 output
1: Enables the A23 output

6 A22E 0 R/W Address A22 Enable
Enables/disables the address output (A22)
0: Disables the A22 output
1: Enables the A22 output

5 A21E 0 R/W Address A21 Enable
Enables/disables the address output (A21)
0: Disables the A21 output
1: Enables the A21 output

4t00 — All 1 R/W Reserved

These bits are always read as 1. The write value should
always be 1.
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9.35 Port Function Control Register 6 (PFCR6)

PFCRG6 selects the TPU clock input pin.

Bit 7 6 5 4 3 2 1 0
Bit Name — LHWROE — — TCLKS — — —
Initial Value 1 1 1 0 0 0 0 0
R/W R/IW R/W R/W R RW R/W R/W RIW
Initial
Bit Bit Name Value R/W Description
7 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
6 LHWROE 1 R/W LHWR Output Enable

Enables/disables LHWR output (valid in external
extended mode).

0: Specifies pin PA4 as 1/O port
1: Specifies pin PA4 as LHWR output pin

5 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.

4 — 0 R Reserved
This is a read-only bit and cannot be modified.

3 TCLKS 0 R/W TPU External Clock Input Pin Select

Selects the TPU external clock input pins.
0: Specifies pins P32, P33, P35, and P37 as external
clock inputs
1: Specifies pins P14 to P17 as external clock inputs
2to0 — AllO R/W Reserved

These bits are always read as 0. The write value should
always be 0.
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9.3.6 Port Function Control Register 7 (PFCR7)

PFCR7 selects the DMAC I/O pins (DREQ, DACK, and TEND).

Bit 7 6 5 4 3 2 1 0

Bit Name | DMAS3A | DMmAS3B | DMAS2A | DMAS2B | DMAS1A | DMAS1B | DMASOA | DMASOB

Initial Value 0 0 0 0 0 0 0 0

R/W R/IW R/W R/W R/W RW R/W R/W RIW
Initial

Bit Bit Name Value R/W Description

7 DMAS3A 0 R/W DMAC Control Pin Select

6 DMAS3B 0 R/W Selects the I/O port to control DMAC_3.

00: Setting prohibited
01: Specifies pins P63 to P65 as DMAC control pins
10: Setting prohibited
11: Setting prohibited

5 DMAS2A 0 R/W DMAC Control Pin Select
DMAS2B 0 R/W Selects the 1/0O port to control DMAC_2.
00: Setting prohibited
01: Specifies pins P60 to P62 as DMAC control pins
10: Setting prohibited
11: Setting prohibited

DMAS1A 0 R/W DMAC Control Pin Select

DMAS1B 0 R/W Selects the I/O port to control DMAC_1.
00: Specifies pins P14 to P16 as DMAC control pins
01: Specifies pins P33 to P35 as DMAC control pins
10: Setting prohibited
11: Setting prohibited

DMASOA O R/W DMAC Control Pin Select
0 DMASOB 0 R/W Selects the I/0 port to control DMAC_0.
00: Specifies pins P10 to P12 as DMAC control pins
01: Specifies pins P30 to P32 as DMAC control pins
10: Setting prohibited
11: Setting prohibited
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9.3.7 Port Function Control Register 9 (PFCR9)
PFCRO selects the multiple functions for the TPU I/O pins.

Bit 7 6 5 4 3 2 1 0

Bit Name TPUMS5 TPUMS4 TPUMS3A | TPUMS3B TPUMS2 TPUMS1 TPUMSOA | TPUMSOB

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7 TPUMS5 O R/W TPU I/O Pin Multiplex Function Select
Selects TIOCAS function
0: Specifies pin P26 as output compare output and input
capture

1: Specifies P27 as input capture input and P26 as output
compare

6 TPUMS4 O R/W TPU 1I/O Pin Multiplex Function Select
Selects TIOCA4 function

0: Specifies P25 as output compare output and input
capture

1: Specifies P24 as input capture input and P25 as output
compare

5 TPUMS3A 0 R/W TPU 1/O Pin Multiplex Function Select
Selects TIOCA3 function

0: Specifies P21 as output compare output and input
capture

1: Specifies P20 as input capture input and P21 as output
compare

4 TPUMS3B 0 R/W TPU 1/O Pin Multiplex Function Select
Selects TIOCCS function

0: Specifies P22 as output compare output and input
capture

1: Specifies P23 as input capture input and P22 as output
compare
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Initial
Bit Bit Name Value

R/W

Description

3 TPUMS2 0

R/W

TPU 1/O Pin Multiplex Function Select

Selects TIOCA2 function

0: Specifies P36 as output compare output and input
capture

1: Specifies P37 as input capture input and P36 as output
compare

2 TPUMS1 0

R/W

TPU 1/O Pin Multiplex Function Select
Selects TIOCA1 function

0: Specifies P34 as output compare output and input
capture

1: Specifies P35 as input capture input and P34 as output
compare

1 TPUMSOA 0

R/W

TPU 1I/O Pin Multiplex Function Select

Selects TIOCAO function

0: Specifies P30 as output compare output and input
capture

1: Specifies P31 as input capture input and P30 as output
compare

0 TPUMSOB 0

R/W

TPU 1/O Pin Multiplex Function Select
Selects TIOCCO function

0: Specifies P32 as output compare output and input
capture

1: Specifies P33 as input capture input and P32 as output
compare
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9.38

Port Function Control Register B (PFCRB)

PFCRB selects the input pins for IRQ11 to IRQS.

Bit 7 6 5 4 3 2 1 0
Bit Name — — — | — | rmsn ITS10 ITS9 ITS8
Initial Value 0 0 0 0 0 0 0 0
RW RW R/W RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
7t04 — All O R/W Reserved
These bits are always read as 0. The write value should
always be 0.
3 ITS11 0 RW  IRQ11 Pin Select
Selects an input pin for IRQ11.
0: Selects pin P23 as IRQ11-A input
1: Selects pin P63 as IRQ11-B input
2 ITS10 0 R/W  IRQ10 Pin Select
Selects an input pin for IRQ10.
0: Selects pin P22 as IRQ10-A input
1: Selects pin P62 as IRQ10-B input
1 ITS9 0 R/W  IRQ9 Pin Select
Selects an input pin for IRQ9.
0: Selects pin P21 as IRQ9-A input
1: Selects pin P61 as IRQ9-B input
0 ITS8 0 R/W  IRQ8 Pin Select

Selects an input pin for IRQ8.
0: Selects pin P20 as IRQ8-A input
1: Selects pin P60 as IRQ8-B input

Rev.2.00 Jun. 28, 2007 Page 395 of 784

RENESAS

REJ09B248-0200



Section 9 I/0O Ports

9.3.9 Port Function Control Register C (PFCRC)

PFCRC selects input pins for IRQ7 to IRQO.

Bit 7 6 5 4 3 2 1 0
Bit Name ITS7 mse | irss | iTsa ITS3 ITS2 ITS1 TS0
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW R/W RIW RIW R/W RIW
Initial
Bit Bit Name Value R/W Description
7 ITS7 0 R/W  IRQ7 Pin Select
Selects an input pin for IRQ7.
0: Selects pin P17 as IRQ7-A input
1: Selects pin P57 as IRQ7-B output
6 ITS6 0 R/W  IRQ6 Pin Select
Selects an input pin for IRQ6.
0: Selects pin P16 as IRQ6-A input
1: Selects pin P56 as IRQ6-B output
5 ITS5 0 R/W  IRQ5 Pin Select
Selects an input pin for IRQ5.
0: Selects pin P15 as IRQ5-A input
1: Selects pin P55 as IRQ5-B output
4 ITS4 0 R/W  IRQ4 Pin Select
Selects an input pin for IRQ4.
0: Selects pin P14 as IRQ4-A input
1: Selects pin P54 as IRQ4-B output
3 ITS3 0 R/W  IRQ3 Pin Select

Selects an input pin for IRQ3.
0: Selects pin P13 as IRQ3-A input
1: Selects pin P53 as IRQ3-B output
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Initial

Bit Bit Name Value R/W Description
2 ITS2 0 RW  IRQ2 Pin Select

Selects an input pin for IRQ2.

0: Selects pin P12 as IRQ2-A input

1: Selects pin P52 as IRQ2-B output
1 ITS1 0 RW  IRQ1 Pin Select

Selects an input pin for IRQT.

0: Selects pin P11 as IRQ1-A input

1: Selects pin P51 as IRQ1-B output
0 ITSO 0 R/W  IRQO Pin Select

Selects an input pin for IRQO.
0: Selects pin P10 as IRQO-A input
1: Selects pin P50 as IRQO0-B output

RENESAS
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9.4 Usage Notes

94.1 Noteson Input Buffer Control Register (ICR) Setting

1.

When changing the ICR setting, the LSI may malfunction due to an edge that is internally
generated according to the pin states. To change the ICR setting, fix the pin high or disable the
input function by setting the peripheral module allocated to the corresponding pin.

If an input is enabled by setting ICR while multiple input functions are assigned to the pin, the
pin state is reflected in all the inputs. Care must be taken for each module settings for unused
input functions.

When a pin is used as an output, data to be output from the pin will be latched as the pin state
if the input by the ICR setting is enabled. To use the pin as an output, disable the input
function for the pin by setting ICR.

94.2 Noteson Port Function Control Register (PFCR) Settings

1.

The port function controller controls the I/O ports. To set the input/output to each pin, select

the input/output destination and then enable input/output.

When changing the input pin, an edge may be generated if the previous pin level differs from

the pin level after the change, causing an unintended malfunction. To change the input pin,

follow the procedure below.

A. Disable the input function by the setting of the peripheral module corresponding to the pin
to be changed.

B. Select the input pin by the setting of PFCR.

C. Enable the input function by the setting of the peripheral module corresponding to the pin
to be changed.

If a pin function has both a selection bit that modifies the input/output destination and an

enable bit that enables the pin function, first specify the input/output destination by the

selection bit and then enable the pin function by the enable bit.
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Section 10 16-Bit Timer Pulse Unit (TPU)

This LSI has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer channels.

Table 10.1 lists the 16-bit timer unit functions and figure 10.1 is a block diagram.

10.1 Features

e Maximum 16-pulse input/output
e Selection of eight counter input clocks for each channel
e The following operations can be set for each channel:
— Waveform output at compare match
— Input capture function
— Counter clear operation
— Synchronous operations:
e Multiple timer counters (TCNT) can be written to simultaneously
e Simultaneous clearing by compare match and input capture possible
e Simultaneous input/output for registers possible by counter synchronous operation
e Maximum of 15-phase PWM output possible by combination with synchronous
operation
e Buffer operation settable for channels 0 and 3
e Phase counting mode settable independently for each of channels 1, 2, 4, and 5
e (Cascaded operation
e Fast access via internal 16-bit bus
e 26 interrupt sources
e Automatic transfer of register data
e Programmable pulse generator (PPG) output trigger can be generated
e Conversion start trigger for the A/D converter can be generated

e Module stop mode can be set
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Table10.1 TPU Functions

Item Channel 0 Channell Channel2 Channel3 Channel4 Channel 5

Count clock P/ P/ P/ Po/1 Po/1 Po/1
P/4 Py/4 Py/4 P¢/4 P¢/4 P¢/4
P¢/16 Py/16 Py/16 P¢/16 P¢y/16 P¢/16
P¢/64 Py/64 Py/64 P¢/64 P¢/64 P¢/64
TCLKA P$/256 P$/1024 P¢/256 P¢/1024 P¢/256
TCLKB TCLKA TCLKA P¢/1024 TCLKA TCLKA
TCLKC TCLKB TCLKB P /4096 TCLKC TCLKC
TCLKD TCNT2 TCLKC TCLKA TCNT5 TCLKD

General registers (TGR) TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4 TGRA_5
TGRB_0 TGRB_1 TGRB_2 TGRB_3 TGRB_4 TGRB_5

General registers/ TGRC_0 — — TGRC_3 — —

buffer registers TGRD_0 TGRD_3

1/0 pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCA5
TIOCBO TIOCBH1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear function TGR compare TGR compare TGR compare TGR compare TGR compare TGR compare
match or input match or input match or input match or input match or input match or input

capture capture capture capture capture capture

Compare 0 output (0] (0] (0] O o} o}
match foutput O o) o) o o) o)
output

Toggle (0] (0] (0] (0] (0] (0]

output
Input capture function (0] o] o] (0] o} o}
Synchronous operation O (0] (0] O O O
PWM mode (0] o] (0] o} o} o}
Phase counting mode — (0] (0] — o} O
Buffer operation (0] — — (0] — —
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Item Channel 0 Channell Channel2 Channel3 Channel4 Channel 5
DTC activation TGR compare TGR compare TGR compare TGR compare TGR compare TGR compare
match or input match or input match or input match or input match or input match or input
capture capture capture capture capture capture
DMAC activation TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4 TGRA_5
compare compare compare compare compare compare
match or input match or input match or input match or input match or input match or input
capture capture capture capture capture capture
A/D converter trigger TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4 TGRA_5
compare compare compare compare compare compare
match or input match or input match or input match or input match or input match or input
capture capture capture capture capture capture
PPG trigger TGRA_0/ TGRA_1/ TGRA_2/ TGRA_3/ — —
TGRB_0 TGRB_1 TGRB_2 TGRB_3
compare compare compare compare
match or input match or input match or input match or input
capture capture capture capture
Interrupt sources 5 sources 4 sources 4 sources 5 sources 4 sources 4 sources
Compare Compare Compare Compare Compare Compare
match or input match or input match or input match or input match or input match or input
capture 0A capture 1A capture 2A capture 3A capture 4A capture 5A
Compare Compare Compare Compare Compare Compare
match or input match or input match or input match or input match or input match or input
capture 0B capture 1B capture 2B capture 3B capture 4B capture 5B
Compare Overflow Overflow Compare Overflow Overflow
match or input Underflow Underflow match or input Underflow Underflow
capture 0C capture 3C
Compare Compare
match or input match or input
capture 0D capture 3D
Overflow Overflow
[Legend]
O: Possible
— Not possible
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[Legend]
TSTR: Timer start register TIER: Timer interrupt enable register
TSYR: Timer synchronous register TSR: Timer status register
TCR: Timer control register TGR (A, B, C, D): Timer general registers (A, B, C, D)
TMDR: Timer mode register TCNT: Timer counter

TIOR (H, L): Timer 1/O control registers (H, L)

Figure10.1 Block Diagram of TPU
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10.2  Input/Output Pins
Table 10.2 shows TPU pin configurations.

Table10.2 Pin Configuration

Channel Symbol 1/0 Function
All TCLKA Input External clock A input pin
(Channel 1 and 5 phase counting mode A phase input)

TCLKB Input External clock B input pin
(Channel 1 and 5 phase counting mode B phase input)

TCLKC Input External clock C input pin
(Channel 2 and 4 phase counting mode A phase input)

TCLKD Input External clock D input pin
(Channel 2 and 4 phase counting mode B phase input)
0 TIOCAO /O  TGRA_O input capture input/output compare output/PWM output pin
TIOCBO 1/0  TGRB_0 input capture input/output compare output/PWM output pin
TIOCCO /O  TGRC_O input capture input/output compare output/PWM output pin
TIOCDO 1/0  TGRD_0 input capture input/output compare output/PWM output pin

1 TIOCA1 1/0  TGRA_1 input capture input/output compare output/PWM output pin
TIOCB1 1/0  TGRB_1 input capture input/output compare output/PWM output pin
2 TIOCA2 1/0  TGRA_2 input capture input/output compare output/PWM output pin
TIOCB2 /0  TGRB_2 input capture input/output compare output/PWM output pin
3 TIOCA3 1/0  TGRA_S3 input capture input/output compare output/PWM output pin

TIOCB3 /0  TGRB_3 input capture input/output compare output/PWM output pin

TIOCC3 1/0  TGRC_3 input capture input/output compare output/PWM output pin

TIOCD3 /0  TGRD_3 input capture input/output compare output/PWM output pin

4 TIOCA4 /0  TGRA_4 input capture input/output compare output/PWM output pin
TIOCB4 1/0  TGRB_4 input capture input/output compare output/PWM output pin
5 TIOCA5 /0 TGRA_5 input capture input/output compare output/PWM output pin

TIOCB5 1/0  TGRB_5 input capture input/output compare output/PWM output pin
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10.3  Register Descriptions
The TPU has the following registers in each channel.
Channel O:

e Timer control register_0 (TCR_0)

e Timer mode register_0 (TMDR_0)

e Timer I/O control register H_0 (TIORH_0)
e Timer I/O control register L_0 (TIORL_0)

e Timer interrupt enable register_0 (TIER_0)
e Timer status register_0 (TSR_0)

o Timer counter_0 (TCNT_0)

e Timer general register A_0 (TGRA_0)

e Timer general register B_0 (TGRB_0)

e Timer general register C_0 (TGRC_0)

e Timer general register D_0 (TGRD_0)

Channel 1:

e Timer control register_1 (TCR_1)

e Timer mode register_1 (TMDR_1)

e Timer I/O control register _1 (TIOR_1)

o Timer interrupt enable register_1 (TIER_1)
e Timer status register_1 (TSR_1)

e Timer counter_1 (TCNT_1)

e Timer general register A_1 (TGRA_1)

e Timer general register B_1 (TGRB_1)
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Channdl 2:

e Timer control register_2 (TCR_2)

e Timer mode register_2 (TMDR_2)

e Timer I/O control register_2 (TIOR_2)

o Timer interrupt enable register_2 (TIER_2)
e Timer status register_2 (TSR_2)

e Timer counter_2 (TCNT_2)

e Timer general register A_2 (TGRA_2)

e Timer general register B_2 (TGRB_2)

Channdl 3:

e Timer control register_3 (TCR_3)

e Timer mode register_3 (TMDR_3)

e Timer I/O control register H_3 (TIORH_3)
e Timer I/O control register L_3 (TIORL_3)
o Timer interrupt enable register_3 (TIER_3)
e Timer status register_3 (TSR_3)

e Timer counter_3 (TCNT_3)

e Timer general register A_3 (TGRA_3)

e Timer general register B_3 (TGRB_3)

e Timer general register C_3 (TGRC_3)

e Timer general register D_3 (TGRD_3)

Channel 4:

e Timer control register_4 (TCR_4)

e Timer mode register_4 (TMDR_4)

e Timer I/O control register _4 (TIOR_4)

e Timer interrupt enable register_4 (TIER_4)
e Timer status register_4 (TSR_4)

e Timer counter_4 (TCNT_4)

e Timer general register A_4 (TGRA_4)

e Timer general register B_4 (TGRB_4)

Rev.2.00 Jun. 28, 2007 Page 405 of 784
RENESAS REJ09B248-0200



Section 10 16-Bit Timer Pulse Unit (TPU)

Channel 5:

e Timer control register_5 (TCR_5)

e Timer mode register_5 (TMDR_5)

e Timer I/O control register_5 (TIOR_S)

o Timer interrupt enable register_5 (TIER_5)
e Timer status register_5 (TSR_5)

e Timer counter_5 (TCNT_5)

e Timer general register A_5 (TGRA_S)

e Timer general register B_S (TGRB_5)

Common Registers:

o Timer start register (TSTR)
e Timer synchronous register (TSYR)
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10.31 Timer Control Register (TCR)

TCR controls the TCNT operation for each channel. The TPU has a total of six TCR registers, one
for each channel. TCR register settings should be made only while TCNT operation is stopped.

Bit 7 6 5 4 3 2 1 0

Bit Name CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCH TPSCO

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W RW R/W RW

Initial

Bit Bit Name Value R/W Description

7 CCLR2 0 R/W Counter Clear2to 0

6 CCLR1 0 R/W These bits select the TCNT counter clearing source. See

5 CCLRO 0 R/W tables 10.3 and 10.4 for details.

4 CKEGH1 0 R/W Clock Edge 1 and 0

3 CKEGO 0 R/W These bits select the input clock edge. For details, see
table 10.5. When the input clock is counted using both
edges, the input clock period is halved (e.g. P¢/4 both
edges = P¢/2 rising edge). If phase counting mode is
used on channels 1, 2, 4, and 5, this setting is ignored
and the phase counting mode setting has priority. Internal
clock edge selection is valid when the input clock is P¢/4
or slower. This setting is ignored if the input clock is P¢/1,
or when overflow/underflow of another channel is
selected.

2 TPSC2 0 R/W Timer Prescaler 2to 0

1 TPSCAH 0 R/W These bits select the TCNT counter clock. The clock

0 TPSCO 0 R/W source can be selected independently for each channel.

See tables 10.6 to 10.11 for details. To select the external
clock as the clock source, the DDR bit and ICR bit for the
corresponding pin should be set to 0 and 1, respectively.

For details, see section 9, I/0 Ports.
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Table10.3 CCLR2to CCLRO (Channels0and 3)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled
0 0 1 TCNT cleared by TGRA compare match/input
capture
0 1 0 TCNT cleared by TGRB compare match/input
capture
0 1 1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation*’
1 0 0 TCNT clearing disabled
1 0 1 TCNT cleared by TGRC compare match/input
capture*®
1 1 0 TCNT cleared by TGRD compare match/input
capture*®
1 1 1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation*’

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

Table10.4 CCLR2to CCLRO (Channels1, 2,4, and 5)

Bit 7
Reserved Bit6 Bit 5
Channel *? CCLR1 CCLRO Description
1,2,4,5 O 0 0 TCNT clearing disabled
0 0 1 TCNT cleared by TGRA compare match/input
capture
0 1 0 TCNT cleared by TGRB compare match/input
capture
0 1 1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation*’

Notes: 1. Synchronous operation is selected by setting the SYNC bitin TSYR to 1.

2. Bit 7 is reserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be
modified.
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Table10.5 Input Clock Edge Selection

Clock Edge Selection Input Clock
CKEG1 CKEGO Internal Clock External Clock
0 0 Counted at falling edge Counted at rising edge
0 1 Counted at rising edge Counted at falling edge
1 X Counted at both edges Counted at both edges
[Legend]
X: Don't care

Table10.6 TPSC2to TPSCO (Channel 0)

Bit 2 Bit 1 Bit 0

Channel TPSC2 TPSC1 TPSCO Description

0 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on Py/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKB pin input
1 1 0 External clock: counts on TCLKC pin input
1 1 1 External clock: counts on TCLKD pin input

Table10.7 TPSC2to TPSCO (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKB pin input
1 1 0 Internal clock: counts on P$/256
1 1 1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Table10.8 TPSC2to TPSCO (Channel 2)

Bit 2 Bit 1 Bit 0

Channel TPSC2 TPSC1 TPSCO Description

2 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKB pin input
1 1 0 External clock: counts on TCLKC pin input
1 1 1 Internal clock: counts on P¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table10.9 TPSC2to TPSCO (Channel 3)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on Py/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 Internal clock: counts on P¢/1024
1 1 0 Internal clock: counts on P¢/256
1 1 1 Internal clock: counts on P$/4096
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Table 10.10 TPSC2 to TPSCO (Channel 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKC pin input
1 1 0 Internal clock: counts on P¢/1024
1 1 1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Table10.11 TPSC2to TPSCO (Channel 5)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKC pin input
1 1 0 Internal clock: counts on P¢/256
1 1 1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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10.3.2 Timer Mode Register (TMDR)

TMDR sets the operating mode for each channel. The TPU has six TMDR registers, one for each
channel. TMDR register settings should be made only while TCNT operation is stopped.

Bit 7 6 5 4 3 2 1 0
Bit Name — — BFB BFA MD3 MD2 MD1 MDO
Initial Value 1 1 0 0 0 0 0 0
R/W R R R/W R/W R/W R/W R/W R/W

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 R Reserved

These are read-only bits and cannot be modified.

5 BFB 0 R/W Buffer Operation B

Specifies whether TGRB is to normally operate, or
TGRB and TGRD are to be used together for buffer
operation. When TGRD is used as a buffer register,
TGRD input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.

0: TGRB operates normally
1: TGRB and TGRD used together for buffer operation

4 BFA 0 R/W Buffer Operation A

Specifies whether TGRA is to normally operate, or
TGRA and TGRC are to be used together for buffer
operation. When TGRC is used as a buffer register,
TGRC input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be modified.

0: TGRA operates normally
1: TGRA and TGRC used together for buffer operation

3 MD3 0 R/W Modes 30 0

2 MD2 0 R/W Set the timer operating mode.

1 MD1 0 R/W MD3 is a reserved bit. The write value should always be
0 MDO 0 R/W 0. See table 10.12 for details.
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Table 10.12 MD3to MDO

Bit 3 Bit 2 Bit 1 Bit O

MD3** MD2**  MD1 MDO Description

0 0 0 0 Normal operation

0 0 0 1 Reserved

0 0 1 0 PWM mode 1

0 0 1 1 PWM mode 2

0 1 0 0 Phase counting mode 1
0 1 0 1 Phase counting mode 2
0 1 1 0 Phase counting mode 3
0 1 1 1 Phase counting mode 4
1 X X X —

[Legend]

X: Don't care

Notes: 1. MD3 is a reserved bit. The write value should always be 0.
2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.

10.3.3 Timer 1/O Control Register (TIOR)

TIOR controls TGR. The TPU has eight TIOR registers, two each for channels 0 and 3, and one
each for channels 1, 2, 4, and 5. Care is required since TIOR is affected by the TMDR setting.

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in TSTR is
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to O is specified.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register
operates as a buffer register.

To designate the input capture pin in TIOR, the DDR bit and ICR bit for the corresponding pin
should be set to 0 and 1, respectively. For details, see section 9, I/O Ports.
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e TIORH_O0, TIOR_1, TIOR_2, TIORH_3, TIOR_4, TIOR_5

Bit 7 6 5 4 3 2 1 0
Bit Name 10B3 10B2 10B1 10BO I0A3 I10A2 10A1 I0A0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

e TIORL_O, TORL_3

Bit 7 6 5 4 3 2 1 0
Bit Name 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10Co
Initial Value (0] 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

e TIORH_O, TIOR_I1, TIOR_2, TIORH_3, TIOR_4, TIOR_5

Initial
Bit Bit Name Value R/W Description
7 I0B3 0 R/W I/O Control B3 to BO
6 10B2 0 R/W Specify the function of TGRB.
5 I0B1 0 R/W For details, see tables 10.13, 10.15, 10.16, 10.17, 10.19,
4 I0BO 0 R/W and 10.20.
3 IOA3 0 R/W I/O Control A3 to A0
2 I0A2 0 R/W Specify the function of TGRA.
1 I0A1 0 R/W For details, see tables 10.21, 10.23, 10.24, 10.25, 10.27,
0 I0AO 0 R/W and 10.28.

e TIORL_O, TIORL_3:

Initial
Bit Bit Name Value R/W Description
7 I0D3 0 R/W I/O Control D3 to DO
6 I0D2 0 R/W Specify the function of TGRD.
5 10D1 0 R/W For details, see tables 10.14 and 10.18.
4 I0D0 0 R/W
3 I0C3 0 R/W I/O Control C3 to CO
2 I0C2 0 R/W Specify the function of TGRC.
1 10C1 0 R/W For details, see tables 10.22 and 10.26.
0 10C0 0 R/W
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Table10.13 TIORH_O

Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRB_O
10B3 I0B2 I0B1 10B0O Function TIOCBO Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBO pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCBO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCBO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down*
[Legend]
X: Don't care
Note: * When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P¢/1 is used as the

TCNT_1 count clock, this setting is invalid and input capture is not generated.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.14 TIORL_O

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRD_O
10D3 I0D2 I0D1 10D0 Function TIOCDO Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - nitial output is 0 output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCDO pin
capture oyt capture at rising edge
register*
1 0 0 1 Capture input source is TIOCDO pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCDO pin
Input capture at both edges

1 1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down*'

[Legend]

X: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P¢/1 is used as the
TCNT_1 count clock, this setting is invalid and input capture is not generated.

2. When the BFB bit in TMDR_O is set to 1 and TGRD_0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.15 TIOR_1

Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRB_1
10B3 I0B2 I0B1 10B0O Function TIOCB1 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB1 pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCB1 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB1 pin
Input capture at both edges
1 1 X X TGRC_0 compare match/input capture
Input capture at generation of TGRC_0 compare
match/input capture
[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.16 TIOR_2

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_2
10B3 I0B2 I0B1 10BO Function TIOCB2 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCB2 pin
capture 5t capture at rising edge
register
1 X 0 1 Capture input source is TIOCB2 pin

Input capture at falling edge

1 X 1 X Capture input source is TIOCB2 pin
Input capture at both edges

[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.17 TIORH_3

Description
Bit 7 Bit 6 Bit 5 Bit4 TGRB_3
10B3 I0B2 I0B1 10B0O Function TIOCB3 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBS pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCBS pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down*
[Legend]
X: Don't care

Note: When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P¢/1 is used as the TCNT_4
count clock, this setting is invalid and input capture is not generated.

RENESAS

Rev.2.00 Jun. 28, 2007 Page 419 of 784
REJ09B248-0200



Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.18 TIORL_3

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRD_3
10D3 I0D2 I0D1 10D0 Function TIOCD3 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare - nitial output is 0 output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCD3 pin
capture oyt capture at rising edge
register*
1 0 0 1 Capture input source is TIOCD3 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCDS3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock

Input capture at TCNT_4 count-up/count-down*'

[Legend]

X: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P¢/1 is used as the
TCNT_4 count clock, this setting is invalid and input capture is not generated.

2. When the BFB bit in TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.19 TIOR_4

Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRB_4
10B3 I0B2 I0B1 10B0O Function TIOCB4 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB4 pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCB4 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB4 pin
Input capture at both edges
1 1 X X Capture input source is TGRC_3 compare
match/input capture
Input capture at generation of TGRC_3 compare
match/input capture
[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.20 TIOR_5

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_5
10B3 I0B2 I0B1 10BO Function TIOCBS5 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCB5 pin
capture 5t capture at rising edge
register
1 X 0 1 Capture input source is TIOCB5 pin

Input capture at falling edge

1 X 1 X Capture input source is TIOCB5 pin
Input capture at both edges

[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.21 TIORH_O

Description
Bit 3 Bit 2 Bit 1 Bit0O TGRA_O
I0A3 I0A2 I0Al I0A0 Function TIOCAO Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAO pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCAO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCAO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.22 TIORL_O

Description

Bit 3 Bit 2 Bit 1 Bit0O  TGRC_O
I0OC3 10C2 I0C1 10CO  Function TIOCCO Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 comparé - nitial output is 0 output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCCO pin
capture 5t capture at rising edge
register*
1 0 0 1 Capture input source is TIOCCO pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCCO pin
Input capture at both edges

1 1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don't care

Note: * When the BFA bitin TMDR_O is set to 1 and TGRC_0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.23 TIOR_1

Description

Bit 3 Bit 2 Bit 1 Bit 0 TGRA_1
IOA3 I0A2 IOA1 IOAO0  Function

TIOCAL Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAT pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCAT pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCA1 pin
Input capture at both edges
1 1 X X Capture input source is TGRA_0 compare
match/input capture
Input capture at generation of channel 0/TGRA_0O
compare match/input capture
[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.24 TIOR_2

Description

Bit 3 Bit 2 Bit 1 Bit 0 TGRA_2
I0A3 I0A2 I0A1 I0A0 Function TIOCA2 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCA2 pin
capture .
i Input capture at rising edge
register
1 X 0 1 Capture input source is TIOCA2 pin

Input capture at falling edge

1 X 1 X Capture input source is TIOCA2 pin
Input capture at both edges

[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.25 TIORH_3

Description
Bit 3 Bit 2 Bit 1 Bit0O TGRA_3
I0A3 I0A2 I0Al I0A0 Function TIOCA3 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAS pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCAS pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCA3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down
[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.26 TIORL_3

Description

Bit 3 Bit 2 Bit 1 Bit0O  TGRC_3
IOC3 10C2 I0C1 10CO  Function TIOCC3 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 comparé - nitial output is 0 output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCC3 pin
capture 5t capture at rising edge
register*
1 0 0 1 Capture input source is TIOCC3 pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCC3 pin
Input capture at both edges

1 1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down

[Legend]
X: Don't care

Note: * When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.27 TIOR_4

Description
Bit 3 Bit 2 Bit 1 Bit 0 TGRA_4
I0A3 I0A2 I0Al I0A0 Function TIOCA4 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCA4 pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCA4 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCA4 pin
Input capture at both edges
1 1 X X Capture input source is TGRA_3 compare
match/input capture
Input capture at generation of TGRA_3 compare
match/input capture
[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.28 TIOR_5

Description

Bit 3 Bit 2 Bit 1 Bit 0 TGRA_5
I0A3 I0A2 I0A1 I0A0 Function TIOCAS5 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Input capture source is TIOCA5 pin
capture 5t capture at rising edge
register
1 X 0 1 Input capture source is TIOCAS5 pin
Input capture at falling edge
1 X 1 X Input capture source is TIOCA5 pin
Input capture at both edges
[Legend]
X: Don't care
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.34 Timer Interrupt Enable Register (TIER)

TIER controls enabling or disabling of interrupt requests for each channel. The TPU has six TIER
registers, one for each channel.

Bit 7 6 5 4 3 2 1 0

Bit Name TTGE — TCIEU TCIEV TGIED TCIEC TGIEB TGIEA

Initial Value 0 1 0 0 0 0 0 0

R/W R/W R R/W R/W R/W R/W R/W R/W
Initial

Bit Bit Name value R/W Description

7 TTGE 0 R/W A/D Conversion Start Request Enable

Enables/disables generation of A/D conversion start
requests by TGRA input capture/compare match.

0: A/D conversion start request generation disabled
1: A/D conversion start request generation enabled

6 — 1 R Reserved
This is a read-only bit and cannot be modified.
5 TCIEU 0 R/W Underflow Interrupt Enable

Enables/disables interrupt requests (TCIU) by the TCFU
flag when the TCFU flag in TSR is set to 1 in channels 1,
2,4, and 5.

In channels 0 and 3, bit 5 is reserved. It is always read as
0 and cannot be modified.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled
4 TCIEV 0 R/W Overflow Interrupt Enable

Enables/disables interrupt requests (TCIV) by the TCFV
flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled
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Section 10 16-Bit Timer Pulse Unit (TPU)

Initial
Bit Bit Name value R/W Description
3 TGIED 0 R/W TGR Interrupt Enable D

Enables/disables interrupt requests (TGID) by the TGFD
bit when the TGFD bit in TSR is set to 1 in channels 0
and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always
read as 0 and cannot be modified.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled

2 TGIEC 0 R/W TGR Interrupt Enable C

Enables/disables interrupt requests (TGIC) by the TGFC
bit when the TGFC bit in TSR is set to 1 in channels 0
and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always
read as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled

1 TGIEB 0 R/W TGR Interrupt Enable B

Enables/disables interrupt requests (TGIB) by the TGFB
bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled

0 TGIEA 0 R/W TGR Interrupt Enable A

Enables/disables interrupt requests (TGIA) by the TGFA
bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.35 Timer Status Register (TSR)

TSR indicates the status of each channel. The TPU has six TSR registers, one for each channel.

Bit 7 6 5 4 3 2 1 0
Bit Name TCFD — TCFU TCFV TGFD TGFC TGFB TGFA
Initial Value 1 1 0 0 0 0 0 0

RW R R R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only 0 can be written to bits 5 to 0, to clear flags.

Initial
Bit Bit Name value R/W Description
7 TCFD 1 R Count Direction Flag
Status flag that shows the direction in which TCNT counts
in channels 1, 2, 4, and 5.
In channels 0 and 3, bit 7 is reserved. It is always read as
1 and cannot be modified.
0: TCNT counts down
1: TCNT counts up
6 — 1 R Reserved
This is a read-only bit and cannot be modified.
5 TCFU 0 R/(W)* Underflow Flag

Status flag that indicates that a TCNT underflow has
occurred when channels 1, 2, 4, and 5 are set to phase
counting mode.

In channels 0 and 3, bit 5 is reserved. It is always read as
0 and cannot be modified.

[Setting condition]

When the TCNT value underflows (changes from H'0000
to H'FFFF)

[Clearing condition]
When a 0 is written to TCFU after reading TCFU = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure to
read the flag after writing O to it.)
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Section 10 16-Bit Timer Pulse Unit (TPU)

Bit

Bit Name

Initial
value

R/W

Description

4

TCFV

0

R/(W)*

Overflow Flag

Status flag that indicates that a TCNT overflow has
occurred.

[Setting condition]

When the TCNT value overflows (changes from H'FFFF
to H'0000)

[Clearing condition]
When a 0 is written to TCFV after reading TCFV = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure to
read the flag after writing O to it.)

3

TGFD

0

R/(W)*

Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGRD input
capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always
read as 0 and cannot be modified.

[Setting conditions]

e When TCNT = TGRD while TGRD is functioning as
output compare register

o When TCNT value is transferred to TGRD by input
capture signal while TGRD is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by a TGID interrupt while the
DISEL bitin MRB of DTC is O

e When 0 is written to TGFD after reading TGFD = 1
(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)

Rev.2.00 Jun. 28, 2007 Page 434 of 784
REJ09B248-0200

RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

Initial
Bit Bit Name value R/W Description
2 TGFC 0 R/(W)*  Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC input
capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always
read as 0 and cannot be modified.

[Setting conditions]

e When TCNT = TGRC while TGRC is functioning as
output compare register

e When TCNT value is transferred to TGRC by input

capture signal while TGRC is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by a TGIC interrupt while the
DISEL bitin MRB of DTC is O

e When 0 is written to TGFC after reading TGFC = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)

1 TGFB 0 R/(W)* Input Capture/Output Compare Flag B
Status flag that indicates the occurrence of TGRB input
capture or compare match.
[Setting conditions]
e When TCNT = TGRB while TGRB is functioning as
output compare register

o When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by a TGIB interrupt while the
DISEL bit in MRB of DTC is O

e When 0 is written to TGFB after reading TGFB = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)
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Initial
Bit Bit Name value R/W Description
0 TGFA 0 R/(W)* Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input

capture or compare match.

[Setting conditions]

e When TCNT = TGRA while TGRA is functioning as
output compare register

e When TCNT value is transferred to TGRA by input
capture signal while TGRA is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by a TGIA interrupt while the
DISEL bitin MRB of DTC is O

o When DMAC is activated by a TGIA interrupt while
the DTA bit in DMDR of DMAC is 1

e When 0 is written to TGFA after reading TGFA =1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)

Note: * Only 0 can be written to clear the flag.
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.3.6  Timer Counter (TCNT)

TCNT is a 16-bit readable/writable counter. The TPU has six TCNT counters, one for each
channel.

TCNT is initialized to H'0000 by a reset or in hardware standby mode.

TCNT cannot be accessed in 8-bit units. TCNT must always be accessed in 16-bit units.

Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

10.3.7 Timer General Register (TGR)

TGR is a 16-bit readable/writable register with a dual function as output compare and input
capture registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for
channels 1, 2, 4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for
operation as buffer registers. The TGR registers cannot be accessed in 8-bit units; they must
always be accessed in 16-bit units. TGR and buffer register combinations during buffer operations
are TGRA-TGRC and TGRB-TGRD.

Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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10.3.8 Timer Start Register (TSTR)

TSTR starts or stops operation for channels O to 5. When setting the operating mode in TMDR or
setting the count clock in TCR, first stop the TCNT counter.

Bit 7 6 5 4 3 2 1 0

Bit Name — — CST5 CST4 CST3 CST2 CST1 CSTo

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial

Bit Bit Name value R/W Description

7,6 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.

5 CST5 0 R/W Counter Start5t0 0

4 CST4 0 R/W These bits select operation or stoppage for TCNT.

3 CST3 0 R/W If 0 is written to the CST bit during operation with the

2 CST2 0 R/W TIOC p?n designated for output, the coynter §tops but the
TIOC pin output compare output level is retained. If TIOR

1 CST1 0 R/W is written to when the CST bit is cleared to 0, the pin

0 CSTO 0 R/W output level will be changed to the set initial output value.

0: TCNT_5 to TCNT_O count operation is stopped
1: TCNT_5 to TCNT_O performs count operation

Rev.2.00 Jun. 28, 2007 Page 438 of 784
REJ09B248-0200 RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

10.3.9 Timer Synchronous Register (TSYR)

TSYR selects independent operation or synchronous operation for the TCNT counters of channels
0 to 5. A channel performs synchronous operation when the corresponding bit in TSYR is set to 1.

Bit 7 6 5 4 3 2 1 0
Bit Name — — SYNC5 SYNC4 SYNC3 SYNC2 SYNC1 SYNCO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W RW R/W RW
Initial
Bit Bit Name value R/W Description
7,6 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
5 SYNC5 0 R/W Timer Synchronization 5 to 0
4 SYNC4 0 R/W These bits select whether operation is independent of or
3 SYNC3 0 R/W synchronized with other channels.
2 SYNC2 0 R/W When synchronous operation is selected, synchronous
presetting of multiple channels, and synchronous clearing
1 SYNC1 0 R/W through counter clearing on another channel are possible.
0 SYNCO 0 R/W To set synchronous operation, the SYNC bits for at least

two channels must be set to 1. To set synchronous
clearing, in addition to the SYNC bit, the TCNT clearing
source must also be set by means of bits CCLR2 to
CCLRO in TCR.

0: TCNT_5 to TCNT_O operate independently (TCNT
presetting/clearing is unrelated to other channels)

1: TCNT_5 to TCNT_O perform synchronous operation
(TCNT synchronous presetting/synchronous clearing
is possible)

Rev.2.00 Jun. 28, 2007 Page 439 of 784
RENESAS REJ09B248-0200



Section 10 16-Bit Timer Pulse Unit (TPU)

104  Operation

10.4.1 Basic Functions

Each channel has a TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, periodic counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
(1) Counter Operation

When one of bits CSTO to CST5 is set to 1 in TSTR, the TCNT counter for the corresponding
channel starts counting. TCNT can operate as a free-running counter, periodic counter, and so on.

(a) Example of count operation setting procedure

Figure 10.2 shows an example of the count operation setting procedure.

( Operation selection )

Select counter clock (1 [1] Select the counter clock with bits TPSC2
to TPSCO in TCR. At the same time,
| select the input clock edge with bits

CKEG1 and CKEGO in TCR.
( Periodic counter ) ( Free-running counter ) [2] For periodic counter operation, select the

| TGR to be used as the TCNT clearing

. source with bits CCLR2 to CCLRO in
Select counter clearing source [2] TCR.

Select output compare register [3]

&

Designate the TGR selected in [2] as an
output compare register by means of

| TIOR.
Set period 4] [4] Set the periodic counter cycle in the TGR
| selected in [2].
Start count (8] Start count 5] [5] Set the CST bitin TSTR to 1 to start the
counter operation.
<Periodic counter> <Free-running counter>

Figure10.2 Example of Counter Operation Setting Procedure
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(b) Freerunning count operation and periodic count operation

Immediately after a reset, the TPU's TCNT counters are all designated as free-running counters.
When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-count
operation as a free-running counter. When TCNT overflows (changes from H'FFFF to H'0000),
the TCFV bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at this
point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from H'0000.

Figure 10.3 illustrates free-running counter operation.

TCNT value

H'0000

» Time

CST bit

TCFV

Figure10.3 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the relevant
channel performs periodic count operation. The TGR register for setting the period is designated
as an output compare register, and counter clearing by compare match is selected by means of bits
CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts count-up operation as
a periodic counter when the corresponding bit in TSTR is set to 1. When the count value matches
the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an interrupt.
After a compare match, TCNT starts counting up again from H'0000.
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Figure 10.4 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
TGR oo & comparematch .
H'0000 y } } » Time
CST bit E E
' Flag cleared by software or
| & DTC activation
TGF

Figure10.4 Periodic Counter Operation
(2) Waveform Output by Compare Match

The TPU can perform 0, 1, or toggle output from the corresponding output pin using a compare
match.

(a) Example of setting procedure for waveform output by compare match

Figure 10.5 shows an example of the setting procedure for waveform output by a compare match.

( Output selection ) [1] Select initial value from 0-output or 1-output,

T and compare match output value from 0-output,
1-output, or toggle-output, by means of TIOR.
Select waveform output mode (1 The set initial value is output on the TIOC pin

| until the first compare match occurs.

Set output timing [2] [2] Setthe timing for compare match generation in
T TGR.

Start count

:

<Waveform output>

3] [3] Setthe CST bitin TSTR to 1 to start the count
operation.

Figure10.5 Example of Setting Procedure for Waveform Output by Compare Match
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(b) Examples of waveform output operation

Figure 10.6 shows an example of 0-output and 1-output.

In this example, TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the set
level and the pin level match, the pin level does not change.

TCNT value

: - Nochange ! _~ No change
TIOCA I | N\ | )
, E E 1-output
TIOCB | ~No change ~ No change O-output
N N

Figure10.6 Example of 0-Output/1-Output Operation
Figure 10.7 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing performed
by compare match B), and settings have been made so that output is toggled by both compare
match A and compare match B.

TCNT value

H'0000 » Time

TIOCB I E | E I E | Toggle-output

TIOCA | I | I Toggle-output

Figure10.7 Example of Toggle Output Operation
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(3) Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the detection edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel's counter input clock or compare match signal
as the input capture source.

Note: When another channel's counter input clock is used as the input capture input for
channels 0 and 3, P¢/1 should not be selected as the counter input clock used for input
capture input. Input capture will not be generated if P¢/1 is selected.

(a) Example of setting procedurefor input capture operation

Figure 10.8 shows an example of the setting procedure for input capture operation.

( Input selection )

[1] Designate TGR as an input capture register by

Select input capture input Y means of TIOR, and select the input capture
| source and input signal edge (rising edge, falling
2] edge, or both edges).
Start count
[2] Setthe CST bitin TSTR to 1 to start the count
l operation.

<Input capture operation>

Figure10.8 Example of Setting Procedure for Input Capture Operation
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(b) Example of input capture operation

Figure 10.9 shows an example of input capture operation.

In this example, both rising and falling edges have been selected as the TIOCA pin input capture
input edge, falling edge has been selected as the TIOCB pin input capture input edge, and counter
clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB

TC,PT value / input (falling edge)

HUOT80 |- - -« - o e o o e e e e e e e e Y e
HOT60 |- - = m - w e om e R
HI0010 | oo oo L IO I -
H'0005 | - - - - £ o R R S S \ __________
H'0000 ; \\ : . ! »Time
TIOCA j l ' ]

. . } A
TGRA X H'0005 X H'0160 | X H'0010
TIOCB |

T6Re X X Ho180

Figure10.9 Example of Input Capture Operation
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10.4.2  Synchronous Operation

In synchronous operation, the values in multiple TCNT counters can be rewritten simultaneously
(synchronous presetting). Also, multiple TCNT counters can be cleared simultaneously
(synchronous clearing) by making the appropriate setting in TCR.

Synchronous operation enables TGR to be incremented with respect to a single time base.
Channels 0 to 5 can all be designated for synchronous operation.
(1) Example of Synchronous Operation Setting Procedure

Figure 10.10 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous
operation
|

(Synchronous presetting > < Synchronous clearing )

Set TCNT 2]

1

Clearing
source generation
channel?

No

Yes
Select counter 3 Set synchronous n
clearing source 3] counter clearing 4l
| |
Start count 5] Start count 5]
\J l l
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setthe SYNC bits in TSYR corresponding to the channels to be designated for synchronous operation to 1.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to, the
same value is simultaneously written to the other TCNT counters.

[38] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.
[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Setthe CST bits in TSTR for the relevant channels to 1, to start the count operation.

Figure10.10 Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation
Figure 10.11 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels O to
2, TGRB_0 compare match has been set as the channel O counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCAQ, TIOCAT1, and TIOCA2. At this
time, synchronous presetting and synchronous clearing by TGRB_0 compare match are performed
for channel 0 to 2 TCNT counters, and the data set in TGRB_O is used as the PWM cycle.

For details on PWM modes, see section 10.4.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

TCNT_0 to TCNT_2 values
A v
REcl I R, ek e LR ===
TGRB_1f----------------- (i (il R f--f---
TGRA Of------------- -'- ----------------- ‘----2 ----------------- .---%-------
TGRB_2[---------- ‘---:‘---:- -------------- ‘---E----: ------------- .---‘:---%-------
TGRA_ 1f------ .---%---:----E- ---------- .---E----:----f --------- ‘--*:----:---f-------
TGRA_2}-- ---E---;---'v---i- --------- %---E----:----E --------- '--I-*--*-

H'0000 s VL ¥ e Time
mocao L 4 i [ i E R E
TIOCA_1 | : | ; | : | ; | : |

TIOCA_2 | | | | | |

Figure10.11 Example of Synchronous Operation
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10.4.3 Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or a compare match register.

Table 10.29 shows the register combinations used in buffer operation.

Table 10.29 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_O TGRD_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

e  When TGR is an output compare register
When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation is illustrated in figure 10.12.

Compare match signal

Timer general [—\|

Buffer register
9 register  |—/

Comparator K TCNT

Figure10.12 Compare Match Buffer Operation
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e When TGR is an input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in TGR is transferred to the buffer register.

This operation is illustrated in figure 10.13.

Input capture !
signal

Buffer register Timer general TCNT
register

Figure10.13 Input Capture Buffer Operation
(1) Example of Buffer Operation Setting Procedure

Figure 10.14 shows an example of the buffer operation setting procedure.

) [1] Designate TGR as an input capture register or

( Buffer operation output compare register by means of TIOR.

[2] Designate TGR for buffer operation with bits

Select TGR function [1] BFA and BFB in TMDR.
| [38] Setthe CST bitin TSTR to 1 to start the count
| Set buffer operation | 2] operation.
Start count [3]

'

<Buffer operation>

Figure 10.14 Example of Buffer Operation Setting Procedure
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(2) Examplesof Buffer Operation

(a) When TGR isan output compareregister

Figure 10.15 shows an operation example in which PWM mode 1 has been designated for channel
0, and buffer operation has been designated for TGRA and TGRC. The settings used in this
example are TCNT clearing by compare match B, 1 output at compare match A, and 0 output at
compare match B.

As buffer operation has been set, when compare match A occurs, the output changes and the value
in buffer register TGRC is simultaneously transferred to timer general register TGRA. This
operation is repeated each time compare match A occurs.

For details on PWM modes, see section 10.4.5, PWM Modes.

TCNT value

TGRB_O | - == == o m e o e e g H'D520

TGRA_O |-—-

H'0000 L ; _ ———> Time

TGRC_0 H0200! H0520 P

Transfer k 5\1 E 5\1 \ E EX\‘_E&;E
TGRA 0 X : H'oeooi X | H0450 X

Figure10.15 Example of Buffer Operation (1)
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(b) When TGR isan input captureregister

Figure 10.16 shows an operation example in which TGRA has been designated as an input capture
register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling edges
have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value
A

HIOFO7 | - - - o e o e o e o e

=

011 73 g T -

H'0000 > Time

TIOCA

TGRA ! X H0532 X HoFo7 X HooFs
— \ \

TGRC : X X H'0532 X H'0OF07

Figure10.16 Example of Buffer Operation (2)
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1044 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock at overflow/underflow of
TCNT_2 (TCNT_5) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase-counting mode.
Table 10.30 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1 or 4, the counter clock setting is invalid
and the counter operates independently in phase counting mode.

Table 10.30 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_A1 TCNT_2
Channels 4 and 5 TCNT_4 TCNT_5

(1) Example of Cascaded Operation Setting Procedure

Figure 10.17 shows an example of the setting procedure for cascaded operation.

c ded i [1] Set bits TPSC2 to TPSCO in the channel 1
ascaded operation (channel 4) TCR to B'1111 to select TCNT_2

| (TCNT_5) overflow/underflow counting.

Set cascading 1 2 Set the CST bit in TSTR for the upper and lower
| channels to 1 to start the count operation.

Start count [2]

!

<Cascaded operation>

Figure10.17 Example of Cascaded Operation Setting Procedure
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(2) Examplesof Cascaded Operation

Figure 10.18 illustrates the operation when counting upon TCNT_2 overflow/underflow has been
set for TCNT_1, TGRA_1 and TGRA_2 have been designated as input capture registers, and the
TIOC pin rising edge has been selected.

When a rising edge is input to the TIOCA1 and TIOCA?2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGRA_1, and the lower 16 bits to TGRA_2.

TCNT_1 I_l
clock

TCNT_1 H'03A1 X H'03A2

TCNT_2 I_l I_l
clock

TCNT.2  HFFFF X H'0000 X H'0001
TIOCAT,

TIOCA2 I L
TGRA_1 X H'03A2

TGRA_2 X H'0000

Figure10.18 Example of Cascaded Operation (1)

Figure 10.19 illustrates the operation when counting upon TCNT_2 overflow/underflow has been
set for TCNT_1, and phase counting mode has been designated for channel 2.

TCNT_1 is incremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

rowe — ] L [
owo — [ [ L[

TCNT_2 FrroX_FrrE XEFFFX 0000 X 0001 X o002 X ooot1 X oooo X FFFF X

TCNT_1 0000 X 0001 X 0000

Figure10.19 Example of Cascaded Operation (2)
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1045 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0-, 1-, or toggle-output can be
selected as the output level in response to compare match of each TGR.

Settings of TGR registers can output a PWM waveform in the range of 0% to 100% duty cycle.

Designating TGR compare match as the counter clearing source enables the cycle to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.
(& PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The outputs specified by bits [OA3 to IOA0 and IOC3 to IOCO in TIOR are
output from the TIOCA and TIOCC pins at compare matches A and C, respectively. The outputs
specified by bits IOB3 to IOBO0 and IOD3 to IODO in TIOR are output at compare matches B and
D, respectively. The initial output value is the value set in TGRA or TGRC. If the set values of
paired TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

(b) PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty cycle
registers. The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a cycle register compare match, the output value of each pin is the initial value set in
TIOR. If the set values of the cycle and duty cycle registers are identical, the output value does not
change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.
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The correspondence between PWM output pins and registers is shown in table 10.31.

Table 10.31 PWM Output Registersand Output Pins

Qutput Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGRA_O TIOCAO TIOCAO
TGRB_0 TIOCBO
TGRC_0 TIOCCO TIOCCO
TGRD_0 TIOCDO
1 TGRA_1 TIOCA1 TIOCA1
TGRB_1 TIOCBH1
2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2
3 TGRA_3 TIOCA3 TIOCA3
TGRB_3 TIOCB3
TGRC_3 TIOCC3 TIOCC3
TGRD_3 TIOCD3
4 TGRA_4 TIOCA4 TIOCA4
TGRB_4 TIOCB4
5 TGRA_5 TIOCA5 TIOCAS5
TGRB_5 TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the cycle is set.
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1)

Example of PWM M ode Setting Procedure

Figure 10.20 shows an example of the PWM mode setting procedure.

( PWM mode )

|
Select counter clock

I

Select counter clearing source
I

Select waveform output level
|

Set TGR
|
Set PWM mode

I

Start count

!

<PWM mode>

(1]

[2]

[3]

[4]

[5]

[6]

(2]

(3]

(4]

(5]

(6]

Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the
input clock edge with bits CKEG1 and CKEGO in
TCR.

Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Use TIOR to designate TGR as an output
compare register, and select the initial value and
output value.

Set the cycle in TGR selected in [2], and set the
duty in the other TGRs.

Select the PWM mode with bits MD3 to MDO in
TMDR.

Set the CST bitin TSTR to 1 to start the count
operation.

Figure10.20 Example of PWM M ode Setting Procedure
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(2) Examplesof PWM Mode Operation
Figure 10.21 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, O is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the cycle, and the value set in TGRB register as the
duty cycle.

TCNT value
Counter cleared by

Y 4~ TGRAcomparematch

LI L I R R Y e R e et T

H'0000 > Time

Figure10.21 Example of PWM M ode Operation (1)
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Figure 10.22 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB_1 compare
match is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0 to TGRD_0, TGRA_1), to output a 5-phase

PWM waveform.

In this case, the value set in TGRB_1 is used as the cycle, and the values set in the other TGRs as

the duty cycle.

TCNT value

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0
TGRA_O | --
H'0000

Counter cleared by
/ TGRB_1 compare match

TIOCAO | ;

TIOCBO |

TIOCCO

TIOCDO

TIOCA1

Figure10.22 Example of PWM M ode Operation (2)
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Figure 10.23 shows examples of PWM waveform output with 0% duty cycle and 100% duty cycle

in PWM mode.
TCNT value
TGRB changed
TGRA | mmm e e —ai -------------------- -
TGRB T TGRB changéd I
H0000 E L~ : | Time
TIOCA | 0% duty | | |

TCNT value

Output does not change when compare matches in cycle register

TGRB changed and duty register occur simultaneously

TGRA

»Time

TCNT value

TGRB changed
TGRA |-------

100% duty |_|

Output does not change when compare matches in cycle register
/and duty register occur simultaneously
£

TGRB changed

TIOCA 4

100% duty 0% duty

Figure 10.23 Example of PWM M ode Operation (3)
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10.4.6  Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG]1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

This can be used for two-phase encoder pulse input.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 10.32 shows the correspondence between external clock pins and channels.

Table 10.32 Clock Input Pinsin Phase Counting M ode

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

(1) Example of Phase Counting M ode Setting Procedure

Figure 10.24 shows an example of the phase counting mode setting procedure.

C Phase counting mode )

|
| Select phase counting mode |[1] [1]
|

| Start count | [2] [z Setthe CST bitin TSTRto 1 to start the count
operation.

Select phase counting mode with bits MD3 to
MDO in TMDR.

<Phase counting mode>

Figure10.24 Example of Phase Counting M ode Setting Procedure
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(2) Examplesof Phase Counting M ode Operation

In phase counting mode, TCNT counts up or down according to the phase difference between two
external clocks. There are four modes, according to the count conditions.

(a) Phasecounting mode 1

Figure 10.25 shows an example of phase counting mode 1 operation, and table 10.33 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) I I I I I I I I I I
TCLKC (channels 2 and 4)

TCLKB (channels 1 and 5) ! - ! - ! E : E :
TCLKD (channels 2 and 4) -I T I ! I ! I ! I b I b

TCNT value T R T

> Time

Figure 10.25 Example of Phase Counting Mode 1 Operation

Table 10.33 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level r Up-count
Low level K3

r Low level

1 High level

High level T Down-count
Low level x

x High level

T Low level

[Legend]

LY Rising edge
1 Falling edge
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(b) Phase counting mode 2

Figure 10.26 shows an example of phase counting mode 2 operation, and table 10.34 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) | | | | | | | | | L

TCLKB (channels 1 and 5) : : ! :
TCLKD (channels 2 and 4) ! ! | . j

TCNT value E . ! E E

Up-count

: | w\

> Time

Figure 10.26 Example of Phase Counting Mode 2 Operation

Table 10.34 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level r Don't care
Low level 1 Don't care
Y Low level Don't care
L High level Up-count
High level 1 Don't care
Low level xr Don't care
Ry High level Don't care
B2 Low level Down-count
[Legend]

LY Rising edge
1 Falling edge
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(¢) Phasecounting mode 3

Figure 10.27 shows an example of phase counting mode 3 operation, and table 10.35 summarizes

the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) __| | |_,_|_|

TCLKB (channels 1 and 5)

TCLKD (channels 2 and 4)

TCNT value
A

\Ew

é |

» Time

Figure 10.27 Example of Phase Counting M ode 3 Operation

Table 10.35 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Y Don't care
Low level 1 Don't care
Y Low level Don't care
1 High level Up-count
High level T Down-count
Low level xr Don't care
Y High level Don't care
T Low level Don't care
[Legend]

LY Rising edge
EE Falling edge
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(d) Phasecounting mode 4

Figure 10.28 shows an example of phase counting mode 4 operation, and table 10.36 summarizes

the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) T T T X T
TCLKC (channelsZand4)J ! I T I ! I T I ! I I . I T I . I T r

TCLKB (channels 1 and 5)
TCLKD (channels 2 and 4)

TCNT value
A '

i ! ' ' Down-count

> Time

Figure 10.28 Example of Phase Counting M ode 4 Operation

Table 10.36 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level xr Up-count
Low level 1T

Y Low level Don't care
T High level

High level T Down-count
Low level xr

Y High level Don't care
T Low level

[Legend]

LY Rising edge
1. Falling edge
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(3) Phase Counting Mode Application Example

Figure 10.29 shows an example in which phase counting mode is designated for channel 1, and
channel 1 is coupled with channel O to input servo motor 2-phase encoder pulses in order to detect
the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGRC_0 compare match; TGRA_0 and
TGRC_O are used for the compare match function and are set with the speed control cycle and
position control cycle. TGRB_O is used for input capture, with TGRB_0 and TGRD_0 operating
in buffer mode. The channel 1 counter input clock is designated as the TGRB_O input capture
source, and the pulse width of 2-phase encoder 4-multiplication pulses is detected.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source, and the up/down-counter
values for the control cycles are stored.

This procedure enables accurate position/speed detection to be achieved.

Channel 1
TCLKA:((: Edge _
detection TCNT_1
TCLKB circuit —]
TGRA_1 | Y:]
(speed cycle capture) - 3
>all
TGRB_1 - ’\/]
(position cycle capture) = =

I— TCNT_O

TGRA_O
(speed control cycle)

TGRC_0

(position control cycle)

1
TGRB_O (pulse width capture) C—%]—_

—[>—> TGRD_0 (buffer operation)

|
ik
|

Channel 0

Figure10.29 Phase Counting Mode Application Example
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10.5

Interrupt Sources

There are three kinds of TPU interrupt sources: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disable
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priority levels can be changed by the interrupt controller, but the priority within a
channel is fixed. For details, see section 5, Interrupt Controller.

Table 10.37 lists the TPU interrupt sources.

Table 10.37 TPU Interrupts

Interrupt DTC DMAC
Channel Name Interrupt Source Flag Activation Activation
0 TGIOA TGRA_O input capture/ TGFA_O Possible Possible
compare match
TGIOB  TGRB_O input capture/ TGFB_0 Possible Not possible
compare match
TGIOC TGRC_O0 input capture/ TGFC_0 Possible Not possible
compare match
TGIOD TGRD_O input capture/ TGFD_0 Possible Not possible
compare match
TCIOV ~ TCNT_O overflow TCFV_O0 Not possible  Not possible
1 TGIHA  TGRA_1 input capture/ TGFA_1 Possible Possible
compare match
TGIMB  TGRB_1 input capture/ TGFB_1 Possible Not possible
compare match
TCHV  TCNT_1 overflow TCFV_1 Not possible  Not possible
TCHHU  TCNT_1 underflow TCFU_1 Not possible  Not possible
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Interrupt DTC DMAC
Channel Name Interrupt Source Flag Activation Activation
2 TGI2A  TGRA_2 input capture/ TGFA_2 Possible Possible
compare match
TGI2B  TGRB_2 input capture/ TGFB_2 Possible Not possible
compare match
TCI2V  TCNT_2 overflow TCFV_2 Not possible  Not possible
TCI2U  TCNT_2 underflow TCFU_2 Not possible  Not possible
3 TGISA  TGRA_3 input capture/ TGFA_3 Possible Possible
compare match
TGI3B TGRB_3 input capture/ TGFB_3 Possible Not possible
compare match
TGI3C TGRC_3 input capture/ TGFC_3 Possible Not possible
compare match
TGI3D TGRD_3 input capture/ TGFD_3 Possible Not possible
compare match
TCI3V ~ TCNT_3 overflow TCFV_3 Not possible  Not possible
4 TGI4A  TGRA_4 input capture/ TGFA_4 Possible Possible
compare match
TGl4B  TGRB_4 input capture/ TGFB_4 Possible Not possible
compare match
TCI4V  TCNT_4 overflow TCFV_4 Not possible  Not possible
TCl4U  TCNT_4 underflow TCFU_4 Not possible  Not possible
5 TGI5A  TGRA_S5 input capture/ TGFA_5 Possible Possible
compare match
TGI5B  TGRB_5 input capture/ TGFB_5 Possible Not possible
compare match
TCI5V  TCNT_5 overflow TCFV_5 Not possible  Not possible
TCI5U  TCNT_5 underflow TCFU_5 Not possible  Not possible
Note: This table shows the initial state immediately after a reset. The relative channel priority

levels can be changed by the interrupt controller.
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(1) Input Capture/Compare Match Interrupt

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is set to 1
by the occurrence of a TGR input capture/compare match on a channel. The interrupt request is
cleared by clearing the TGF flag to 0. The TPU has 16 input capture/compare match interrupts,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

(2) Overflow Interrupt

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSR is set to
1 by the occurrence of a TCNT overflow on a channel. The interrupt request is cleared by clearing
the TCFV flag to 0. The TPU has six overflow interrupts, one for each channel.

(3) Underflow Interrupt

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSR is set to
1 by the occurrence of a TCNT underflow on a channel. The interrupt request is cleared by
clearing the TCFU flag to 0. The TPU has four underflow interrupts, one each for channels 1, 2, 4,
and 5.

10.6  DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt for a channel. For
details, see section 8, Data Transfer Controller (DTC).

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

10.7 DMAC Activation

The DMAC can be activated by the TGRA input capture/compare match interrupt for a channel.
For details, see section 7, DMA Controller (DMAC).

In TPU, one in each channel, totally six TGRA input capture/compare match interrupts can be
used as DMAC activation sources.

Rev.2.00 Jun. 28, 2007 Page 468 of 784
REJ09B248-0200 RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

10.8  A/D Converter Activation
The TGRA input capture/compare match for each channel can activate the A/D converter.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, a request to start A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at this time, A/D conversion is started.

In the TPU, a total of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.

109 Operation Timing

10.9.1  Input/Output Timing
(1) TCNT Count Timing

Figure 10.30 shows TCNT count timing in internal clock operation, and figure 10.31 shows TCNT
count timing in external clock operation.

P ISR
Internal clock El) Falling edge (b\iising edge (|2 Falling edge

R

TCNT input clock I_l I_l I_l

TCNT N-1 X N X N+ 1 X N+2

Figure10.30 Count Timingin Internal Clock Operation

& UL

External clock W}\Falling edge Rising edge Falling edge
N
TCNT input clock | | | |
TCNT N-1 ) N ) N+ 1 L N2

Figure10.31 Count Timingin External Clock Operation
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(2) Output Compare Output Timing

A compare match signal is generated in the final state in which TCNT and TGR match (the point
at which the count value matched by TCNT is updated). When a compare match signal is
generated, the output value set in TIOR is output at the output compare output pin (TIOC pin).
After a match between TCNT and TGR, the compare match signal is not generated until the
TCNT input clock is generated.

Figure 10.32 shows output compare output timing.

Po Uy Le
TCNT input clock I_l

TCNT N X N+1
TGR N

Compare match | |

signal

TIOC pin )

Figure 10.32 Output Compare Output Timing
(3) Input Capture Signal Timing

Figure 10.33 shows input capture signal timing.

i S L L
Input capture input I |
Input capture signal I_l I_l

TCNT ) NX net o X N+2§ )
e

Figure 10.33 Input CaptureInput Signal Timing

Rev.2.00 Jun. 28, 2007 Page 470 of 784
REJ09B248-0200 RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

(4) Timing for Counter Clearing by Compare Match/Input Capture

Figure 10.34 shows the timing when counter clearing by compare match occurrence is specified,
and figure 10.35 shows the timing when counter clearing by input capture occurrence is specified.

Po

Compare match
signal

Counter clear

Uy e
[
[

signal
TCNT N X H'0000
TGR N
Figure10.34 Counter Clear Timing (Compare Match)
i I I I I O O

Input capture
signal

Counter clear
signal

TCNT

TGR

1
)
S

) N

H'0000

Figure 10.35

Counter Clear Timing (Input Capture)
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(5) Buffer Operation Timing

Figures 10.36 and 10.37 show the timings in buffer operation.

P A I o A A

TONT n ) n+1
Compare match | |

signal 1

TGRA, j

TGRB n :/X, N
TGRC, N '

TGRD |

Figure10.36 Buffer Operation Timing (Compare Match)

- UL

Input capture | | | |
signal ) )

TCNT N X N+t |
TGRA, no ) N DY N+
TGRB : .

\ \
TGRC, X n X N
TGRD

Figure 10.37 Buffer Operation Timing (Input Capture)
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10.9.2

Interrupt Signal Timing

(1) TGF Flag Setting Timing in Case of Compare Match

Figure 10.38 shows the timing for setting of the TGF flag in TSR by compare match occurrence,
and the TGI interrupt request signal timing.

i [ I I

TCNT input | |

clock

TONT N X N+1
TGR N

Compare match
signal

[ ]

TGF flag |

TGl interrupt |

Figure10.38 TGI Interrupt Timing (Compare Match)

(2) TGF Flag Setting Timing in Case of Input Capture

Figure 10.39 shows the timing for setting of the TGF flag in TSR by input capture occurrence, and
the TGI interrupt request signal timing.

- UL

Input capture | |
signal )

TCNT N

TGR XN
TGF flag |

TGl interrupt |

Figure10.39 TGI Interrupt Timing (Input Capture)
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(3) TCFV Flag/TCFU Flag Setting Timing

Figure 10.40 shows the timing for setting of the TCFV flag in TSR by overflow occurrence, and
the TCIV interrupt request signal timing.

Figure 10.41 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
the TCIU interrupt request signal timing.

& ST L L
TCNT input | |

clock

TCNT ) )

(overflow) H'FFFF X H'0000

Overflow signal

[ ]

TCFV flag

TCIV interrupt

Figure10.40 TCIV Interrupt Setting Timing

& Iy e

TCNT input | |

clock

TCNT \ \
(underfiow) H'0000 ) HFFFF

Underflow signal

[ ]

TCFU flag |

TCIU interrupt |

Figure10.41 TCIU Interrupt Setting Timing
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(4) StatusFlag Clearing Timing

After a status flag is read as 1 by the CPU, it is cleared by writing O to it. When the DTC or
DMALC is activated, the flag is cleared automatically. Figure 10.42 shows the timing for status flag
clearing by the CPU, and figures 10.43 and 10.44 show the timing for status flag clearing by the
DTC or DMAC.

TSR write cycle
T1 T2
g ipigSpipiipiipinipipl
Address X TSR address X
Write | I

Status flag |

Interrupt request |
signal

Figure10.42 Timingfor Status Flag Clearing by CPU

The status flag and interrupt request signal are cleared in synchronization with P¢ after the DTC or
DMALC transfer has started, as shown in figure 10.43. If conflict occurs for clearing the status flag
and interrupt request signal due to activation of multiple DTC or DMAC transfers, it will take up
to five clock cycles (P¢) for clearing them, as shown in figure 10.44. The next transfer request is
masked for a longer period of either a period until the current transfer ends or a period for five
clock cycles (P¢) from the beginning of the transfer. Note that in the DTC transfer, the status flag
may be cleared during outputting the destination address.
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DTC/DMAC DTC/DMAC

read cycle write cycle
T Ty T Ty
& T o
Source Destination
Address address address

Status flag |

Period in which the next transfer request is masked

Interrupt request |
signal

Figure 10.43 Timingfor StatusFlag Clearing by DTC or DMAC Activation (1)

DTC/DMAC DTC/DMAC
write cycle ™

Po L
Address X Source address X Destination address

Period in which the next transfer request is masked -
Status flag | Period of flag clearing |
Interrupt request |Period of interrupt request signal clearing |
signal

Figure 10.44 Timingfor Status Flag Clearing by DTC or DMAC Activation (2)
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10.10 Usage Notes

10.10.1 Module Stop Mode Setting

Operation of the TPU can be disabled or enabled using the module stop control register. The initial
setting is for operation of the TPU to be halted. Register access is enabled by clearing module stop
mode. For details, see section 19, Power-Down Modes.

10.10.2 Input Clock Restrictions

The input clock pulse width must be at least 1.5 states in the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The TPU will not operate properly with a
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.45 shows the input clock
conditions in phase counting mode.

H Phase Phase ! ' ' '

' difference difference ' ' ' :

\ Overlap | \Overlap: H \ Pulse width | \ Pulse width |

I .
TCLKA . : ! ! | j
(TCLKC) ! | ! i ] '

TCLKB } ! ! |
(TCLKD) | . . | 1
R T T !

) j
Pulse width i Pulse width

Note:  Phase difference, Overlap > 1.5 states
Pulse width > 2.5 states

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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10.10.3 Caution on Cycle Setting

When counter clearing by compare match is set, TCNT is cleared in the final state in which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

Po
(N+1)

f:  Counter frequency
P¢: Operating frequency
N: TGR set value

10.10.4 Conflict between TCNT Write and Clear Operations

If the counter clearing signal is generated in the T2 state of a TCNT write cycle, TCNT clearing
takes precedence and the TCNT write is not performed. Figure 10.46 shows the timing in this

case.

TCNT write cycle
Ty Ts
e
i S
Address XTCNT address X

Write | I
Counter clear I_l
signal

TCNT N X H'0000

Figure10.46 Conflict between TCNT Write and Clear Operations
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10.10.5 Conflict between TCNT Write and I ncrement Operations

If incrementing occurs in the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented. Figure 10.47 shows the timing in this case.

TCNT write cycle
1 Ty

Po JU LU
Address X TCNT addressX
Write | I
TCNT input I_l
clock
TCNT N X 7« M

TCNT write data

Figure 10.47 Conflict between TCNT Writeand Increment Operations

10.10.6 Conflict between TGR Writeand Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the TGR write takes precedence
and the compare match signal is disabled. A compare match also does not occur when the same
value as before is written.

Figure 10.48 shows the timing in this case.
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TGR write cycle
Ty Ts

S e inininiipiplininlinh

Address X TGR addressX

Write | I

Compare match EEEEEE ' ]
H <«—— Disabled

signal H
TCNT N X N+1
TGR N X oM

TGR write data

Figure 10.48 Conflict between TGR Write and Compare Match

10.10.7 Conflict between Buffer Register Writeand Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the data transferred to TGR by the
buffer operation will be the write data.

Figure 10.49 shows the timing in this case.

TGR write cycle
T, T,

i igiigiigigiigiigigiigigh
Address X Buf;%rd izgi:ter X

Write

/
v

Buffer register N

Compare match signal I_l Data written to buffer register

z4t=

TGR

Figure10.49 Conflict between Buffer Register Writeand Compare Match
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10.10.8 Conflict between TGR Read and Input Capture

If the input capture signal is generated in the T1 state of a TGR read cycle, the data that is read
will be the data after input capture transfer.

Figure 10.50 shows the timing in this case.

TGR read cycle

T1 T2
P T
Address X TGR address X
Read | I
Input capture signal I_l
TGR X X M
Internal data bus X M X

Figure10.50 Conflict between TGR Read and Input Capture

10.10.9 Conflict between TGR Writeand Input Capture

If the input capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes precedence and the write to TGR is not performed.

Figure 10.51 shows the timing in this case.
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TGR write cycle
T1 T2
Py inigininiinligigininh
Address X TGR address X

Write

Input capture signal

AL

<

TCNT

TGR M

L/

Figure10.51 Conflict between TGR Writeand Input Capture

10.10.10 Conflict between Buffer Register Writeand Input Capture

If the input capture signal is generated in the T2 state of a buffer register write cycle, the buffer
operation takes precedence and the write to the buffer register is not performed.

Figure 10.52 shows the timing in this case.

Buffer register write cycle

T Ty
[ T
e ijEpERERERERERERERE
Address X Bufeflsérd rrt;gisster X
Write

Input capture signal

AL

TCNT PN
T~

TGR M E X N
\

Buffer register X M

Figure10.52 Conflict between Buffer Register Writeand Input Capture
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10.10.11 Conflict between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is
not set and TCNT clearing takes precedence.

Figure 10.53 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF is set in TGR.

Po T e
TCNT input clock | |

TCNT HFFFF X H'0000
Counter clear signal I_l
TGF flag |

. 1
TCFV flag Disabled — !

Figure10.53 Conflict between Overflow and Counter Clearing

10.10.12 Conflict between TCNT Write and Over flow/Under flow

If an overflow/underflow occurs due to increment/decrement in the T2 state of a TCNT write
cycle, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is not set.

Figure 10.54 shows the operation timing when there is conflict between TCNT write and
overflow.
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TGR write cycle

T, ) T, |
T 1
~ T gy
Address X TCNT address X
Write | I
/TCNT write data
TCNT HFFFF ) M

TCFV flag :

Figure10.54 Conflict between TCNT Write and Overflow

10.10.13 Multiplexing of I/O Pins

In this LSI, the TCLKA input pin is multiplexed with the TIOCCO I/O pin, the TCLKB input pin
with the TIOCDO I/O pin, the TCLKC input pin with the TIOCB1 I/O pin, and the TCLKD input
pin with the TIOCB2 I/O pin. When an external clock is input, compare match output should not
be performed from a multiplexed pin.

10.10.14 Interruptsand Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DMAC or DTC activation source. Interrupts should therefore
be disabled before entering module stop mode.
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Section 11 Programmable Pulse Generator (PPQG)

The programmable pulse generator (PPG) provides pulse outputs by using the 16-bit timer pulse
unit (TPU) as a time base. The PPG pulse outputs are divided into 4-bit groups (groups 3 to 0) that
can operate both simultaneously and independently. Figure 11.1 shows a block diagram of the
PPG.

11.1 Features

e 16-bit output data

e Four output groups

e Selectable output trigger signals

e Non-overlapping mode

e Can operate together with the data transfer controller (DTC) and DMA controller (DMAC)
e Inverted output can be set

e Module stop mode can be set
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PO15 <—
PO14 <«—{ Pulse output
PO13 <— pins, group 3
PO12 <—
PO11 <
PO10 <«— Pulse output

PO9  <— pins, group 2

PO7 <]
PO6 | Pulse output

PO4 <«
PO3 |
Eg% ~—{ Pulse output
POO ~+— pins, group 0

[Legend]
PMR:
PCR:
NDERH:
NDERL:
NDRH:
NDRL:
PODRH:
PODRL:

Compare match signals

by

'

Control logic

NDERH

NDERL

PMR

PCR

pins, group 1

PPG output mode register

PPG output control register
Next data enable register H
Next data enable register L

Next data register H
Next data register L
Output data register H
Output data register L

PODRH

PODRL

- - - NDRH----

- - - NDRL----

Internal
data bus

Figure1l.1 Block Diagram of PPG
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11.2  Input/Output Pins

Table 11.1 shows the PPG pin configuration.

Table11.1 Pin Configuration

Pin Name 110 Function

PO15 Output Group 3 pulse output
PO14 Output

PO13 Output

PO12 Output

PO11 Output Group 2 pulse output
PO10 Output

PO9 Output

PO8 Output

PO7 Output Group 1 pulse output
PO6 Output

PO5 Output

PO4 Output

PO3 Output Group 0 pulse output
PO2 Output

PO1 Output

POO Output
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11.3  Register Descriptions
The PPG has the following registers.

e Next data enable register H (NDERH)
e Next data enable register L (NDERL)
e OQutput data register H (PODRH)

e Output data register L (PODRL)

e Next data register H (NDRH)

e Next data register L (NDRL)

e PPG output control register (PCR)

e PPG output mode register (PMR)

11.3.1 Next Data Enable RegistersH, L (NDERH, NDERL)

NDERH and NDERL enable/disable pulse output on a bit-by-bit basis.

e NDERH

Bit 7 6 5 4 3 2 1 0
Bit Name NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS8
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
e NDERL

Bit 7 6 5 4 3 2 1 0
Bit Name NDER7 NDERG6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Rev.2.00 Jun. 28, 2007 Page 488 of 784
REJ09B248-0200 RENESAS



Section 11 Programmable Pulse Generator (PPG)

e NDERH
Initial
Bit Bit Name Value R/W Description
7 NDER15 0 R/W Next Data Enable 15to 8
6 NDER14 O R/W When a bit is set to 1, the value in the corresponding
5 NDER13 0O R/W NDRH b_it is transferred to the PODRH bit by the selected
output trigger. Values are not transferred from NDRH to
4 NDER12 0 R/W  PODRH for cleared bits.
3 NDER11 0 R/W
2 NDER10 O R/W
1 NDER9 0 R/W
0 NDERS 0 R/W
e NDERL
Initial
Bit Bit Name Value R/W Description
7 NDER7 0 R/W Next Data Enable 7 to 0
6 NDER6 0 R/W When a bit is set to 1, the value in the corresponding
5 NDER5 0 R/W NDRL bi.t is transferred to the PODRL bit by the selected
output trigger. Values are not transferred from NDRL to
4 NDER4 0 R/W PODRL for cleared bits.
3 NDERS3 0 R/W
2 NDER2 0 R/W
1 NDER1 0 R/W
0 NDERO 0 R/W
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1132 Output Data RegistersH, L (PODRH, PODRL)

PODRH and PODRL store output data for use in pulse output. A bit that has been set for pulse
output by NDER is read-only and cannot be modified.

e PODRH
Bit 7 6 4 3 2 1 0
Bit Name POD15 POD14 POD13 POD12 POD11 POD10 POD9 POD8
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W RIW R/W R/W R/W R/W
e PODRL
Bit 7 6 4 3 2 1 0
Bit Name POD7 POD6 POD5 POD4 POD3 POD2 POD2 PODO
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W RIW R/W R/W R/W
e PODRH
Initial
Bit Bit Name Value R/W Description
7 POD15 0 R/W Output Data Register 15to 8
6 POD14 0 R/W For bits which have been set to pulse output by NDERH,
5 POD13 0 R/W the output trigger transfers NDRH values to this register
during PPG operation. While NDERH is set to 1, the CPU
4 POD12 0 R/W cannot write to this register. While NDERH is cleared, the
3 POD11 0 R/W initial output value of the pulse can be set.
2 POD10 0 R/W
1 POD9 0 R/W
0 PODS8 0 R/W
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e PODRL
Initial
Bit Name Value R/W Description

o]
=

7 POD7 0 R/W Output Data Register 7to 0

6 POD6 0 R/W For bits which have been set to pulse output by NDERL,

5 POD5 0 R/W the_output trigger tr_ansfers_ NDRL valu_es to this register
during PPG operation. While NDERL is set to 1, the CPU

4 POD4 0 R/W cannot write to this register. While NDERL is cleared, the

3 POD3 0 R/W initial output value of the pulse can be set.

2 POD2 0 R/W

1 POD1 0 R/W

0 PODO 0 R/W

11.33 Next Data RegistersH, L (NDRH, NDRL)

NDRH and NDRL store the next data for pulse output. The NDR addresses differ depending on
whether pulse output groups have the same output trigger or different output triggers.

e NDRH
Bit 7 6 5 4 3 2 1 0
Bit Name NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
e NDRL
Bit 7 6 5 4 3 2 1 0
Bit Name NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDRH1 NDRO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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e NDRH

If pulse output groups 2 and 3 have the same output trigger, all eight bits are mapped to the
same address and can be accessed at one time, as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR15 0 R/W Next Data Register 15 to 8
6 NDR14 0 R/W The register contents are transferred to the
5 NDR13 0 R/W corresponding PODRH bits by the output trigger specified
with PCR.
4 NDR12 0 R/W
3 NDR11 0 R/W
2 NDR10 0 R/W
1 NDR9 0 R/W
0 NDR8 0 R/W

If pulse output groups 2 and 3 have different output triggers, the upper four bits and lower four
bits are mapped to different addresses as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR15 0 R/W Next Data Register 15 to 12
6 NDR14 0 R/W The register contents are transferred to the
5 NDR13 0 R/W corresponding PODRH bits by the output trigger specified
with PCR.
4 NDR12 0 R/W
3to0 — All 1 — Reserved
These bits are always read as 1 and cannot be modified.
Initial
Bit Bit Name Value R/W Description
7to4 — All 1 — Reserved
These bits are always read as 1 and cannot be modified.
3 NDR11 0 R/W Next Data Register 11 to 8
2 NDR10 0 R/W The register contents are transferred to the
1 NDR9 0 R/W corresponding PODRH bits by the output trigger specified
with PCR.
0 NDR8 0 R/W
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e NDRL

If pulse output groups 0 and 1 have the same output trigger, all eight bits are mapped to the
same address and can be accessed at one time, as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR?7 0 R/W Next Data Register 7 to 0
6 NDR6 0 R/W The register contents are transferred to the
5 NDR5 0 R/W corresponding PODRL bits by the output trigger specified
with PCR.
4 NDR4 0 R/W
3 NDR3 0 R/W
2 NDR2 0 R/W
1 NDR1 0 R/W
0 NDRO 0 R/W

If pulse output groups 0 and 1 have different output triggers, the upper four bits and lower four
bits are mapped to different addresses as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR?7 0 R/W Next Data Register 7 to 4
6 NDR6 0 R/W The register contents are transferred to the
5 NDR5 0 R/W corresponding PODRL bits by the output trigger specified
with PCR.
4 NDR4 0 R/W
3to0 — All 1 — Reserved
These bits are always read as 1 and cannot be modified.
Initial
Bit Bit Name Value R/W Description
7to4 — All 1 — Reserved
These bits are always read as 1 and cannot be modified.
3 NDR3 0 R/W Next Data Register 3 to 0
2 NDR2 0 R/W The register contents are transferred to the
1 NDR1 0 R/W corresponding PODRL bits by the output trigger specified
with PCR.
0 NDRO 0 R/W
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11.34

PPG Output Control Register (PCR)

PCR selects output trigger signals on a group-by-group basis. For details on output trigger
selection, refer to section 11.3.5, PPG Output Mode Register (PMR).

Bit 7 6 5 4 3 2 1 0
BitName | GacMs1 | Gscmso | Gaomst | Geomso | atomst | aiomso | cocwst | cocmso
Initial Value 1 1 1 1 1 1 1 1
R/W RW RW R/W RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
7 G3CMS1 1 R/W Group 3 Compare Match Select 1 and 0
6 G3CMS0o 1 R/W These bits select output trigger of pulse output group 3.
00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
5 G2CMS1 1 R/W Group 2 Compare Match Select 1 and 0
4 G2CMSo 1 R/W These bits select output trigger of pulse output group 2.
00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
3 G1CMS1 1 R/W Group 1 Compare Match Select 1 and 0
2 G1CMSO 1 R/W These bits select output trigger of pulse output group 1.
00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
1 GOCMS1 1 R/W Group 0 Compare Match Select 1 and 0
0 GOCMSO 1 R/W These bits select output trigger of pulse output group O.

00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
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1135 PPG Output Mode Register (PMR)

PMR selects the pulse output mode of the PPG for each group. If inverted output is selected, a
low-level pulse is output when PODRH is 1 and a high-level pulse is output when PODRH is 0. If
non-overlapping operation is selected, PPG updates its output values at compare match A or B of
the TPU that becomes the output trigger. For details, refer to section 11.4.4, Non-Overlapping
Pulse Output.

Bit 7 6 5 4 3 2 1 0
Bit Name G3INV G2INV G1INV GOINV G3NOV G2NOV G1NOV GONOV
Initial Value 1 1 1 1 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7 G3INV 1 R/W Group 3 Inversion
Selects direct output or inverted output for pulse output
group 3.

0: Inverted output
1: Direct output
6 G2INV 1 R/W Group 2 Inversion

Selects direct output or inverted output for pulse output
group 2.

0: Inverted output
1: Direct output
5 G1INV 1 R/W Group 1 Inversion

Selects direct output or inverted output for pulse output
group 1.

0: Inverted output
1: Direct output
4 GOINV 1 R/W Group 0 Inversion

Selects direct output or inverted output for pulse output
group 0.

0: Inverted output
1: Direct output
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Initial
Bit Bit Name Value R/W Description
3 G3NOV 0 R/W Group 3 Non-Overlap
Selects normal or non-overlapping operation for pulse
output group 3.
0: Normal operation (output values updated at compare
match A in the selected TPU channel)
1: Non-overlapping operation (output values updated at
compare match A or B in the selected TPU channel)
2 G2NOV 0 R/W Group 2 Non-Overlap
Selects normal or non-overlapping operation for pulse
output group 2.
0: Normal operation (output values updated at compare
match A in the selected TPU channel)
1: Non-overlapping operation (output values updated at
compare match A or B in the selected TPU channel)
1 G1NOV 0 R/W Group 1 Non-Overlap
Selects normal or non-overlapping operation for pulse
output group 1.
0: Normal operation (output values updated at compare
match A in the selected TPU channel)
1: Non-overlapping operation (output values updated at
compare match A or B in the selected TPU channel)
0 GONOV 0 R/W Group 0 Non-Overlap

Selects normal or non-overlapping operation for pulse
output group O.

0: Normal operation (output values updated at compare
match A in the selected TPU channel)

1: Non-overlapping operation (output values updated at
compare match A or B in the selected TPU channel)
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114  Operation

Figure 11.2 shows a schematic diagram of the PPG. PPG pulse output is enabled when the
corresponding bits in NDER are set to 1. An initial output value is determined by its
corresponding PODR initial setting. When the compare match event specified by PCR occurs, the
corresponding NDR bit contents are transferred to PODR to update the output values. Sequential
output of data of up to 16 bits is possible by writing new output data to NDR before the next

compare match.

NDER

Output trigger signal

o]
QPODR D|<«—Q NDR D |<— Internal data bus

Pulse output pin

Normal output/inverted output

Figure11.2 Schematic Diagram of PPG
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11.41  Output Timing

If pulse output is enabled, the NDR contents are transferred to PODR and output when the
specified compare match event occurs. Figure 11.3 shows the timing of these operations for the
case of normal output in groups 2 and 3, triggered by compare match A.

i I I I O O O A
TCNT XNXN+1X

TGRA N

Compare match | |

A signal

NDRH n

PODRH m X .

PO8 to PO15 m X n

Figure11.3 Timing of Transfer and Output of NDR Contents (Example)
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11.4.2 Sample Setup Procedurefor Normal Pulse Output

Figure 11.4 shows a sample procedure for setting up normal pulse output.

( Normal PPG output ) [1] SetTIORto make TGRA an oultput
T compare register (with output disabled).
f | Select TGR functions |[1] [2] Setthe PPG output trigger cycle.
| [3] Select the counter clock source with bits
| Set TGRA value [r21 TPSC2 to TPSCO in TCR. Select the
TPU setup < T counter clear source with bits CCLR1 and
| Set counting operation |[3] CCLRO.
| [4] Enable the TGIA interrupt in TIER. The
| Select interrupt request |[4] DTC or DMAC can also be set up to
~ T transfer data to NDR.
( | Set initial output data |[5] [5] Set the initial output values in PODR.
l [6] Set the bits in NDER for the pins to be
| Enable pulse output |[6] used for pulse output to 1.
PPG setup < |
| Select output trigger |[7] [7] Select the TPU compare match event to
T be used as the output trigger in PCR.
Set next pulse 8] [8] Set the next pulse output values in NDR.
L output data [9] Setthe CST bitin TSTR to 1 to start the
| TCNT counter.
TPU setup | Start counter |[9] [10] At each TGIA interrupt, set the next
T< h
< output values in NDR.
Compare match? No

Yes

Set next pulse
output data

[10]

Figure11.4 Setup Procedurefor Normal Pulse Output (Example)
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11.4.3 Example of Normal Pulse Output (Example of 5-Phase Pulse Output)

Figure 11.5 shows an example in which pulse output is used for cyclic 5-phase pulse output.

TCNT value

TGRA

H'0000

TCNT

Compare match

> Time

NDRH

D € €D 63 63 €3 €3 D CD €

s?oXcioX4

PODRH 00 X 80 X Co X 40 X 60 X 20 X 30 :X 10 X 18 X 08 X 88 X 80 X coX
POt | I N N N N L
| I : : . | | | | | | —
PO14 : : : : : : : : : :
PO13 : : : ! ! i i i : i :
SO R — o
PO11 b b I v Z Z

Figurel1l5

Normal Pulse Output Example (5-Phase Pulse Output)
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1. Set up TGRA in TPU which is used as the output trigger to be an output compare register. Set
a cycle in TGRA so the counter will be cleared by compare match A. Set the TGIEA bit in
TIER to 1 to enable the compare match/input capture A (TGIA) interrupt.

2. Write HF8 to NDERH, and set bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 in PCR to
select compare match in the TPU channel set up in the previous step to be the output trigger.
Write output data H'80 in NDRH.

3. The timer counter in the TPU channel starts. When compare match A occurs, the NDRH
contents are transferred to PODRH and output. The TGIA interrupt handling routine writes the
next output data (H'CO) in NDRH.

4. 5-phase pulse output (one or two phases active at a time) can be obtained subsequently by
writing H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'8S... at successive TGIA interrupts.

5. If the DTC or DMAC is set for activation by the TGIA interrupt, pulse output can be obtained
without imposing a load on the CPU.

11.4.4 Non-Overlapping Pulse Output
During non-overlapping operation, transfer from NDR to PODR is performed as follows:

e At compare match A, the NDR bits are always transferred to PODR.

e At compare match B, the NDR bits are transferred only if their value is 0. The NDR bits are
not transferred if their value is 1.

Figure 11.6 illustrates the non-overlapping pulse output operation.

NDER

Compare match A
Compare match B

Q PODR < e—Q NDR Df<«— Internal data bus
Pulse
output pin

Normal output/inverted output

Figure11.6 Non-Overlapping Pulse Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A.

The NDR contents should not be altered during the interval from compare match B to compare
match A (the non-overlapping margin).

This can be accomplished by having the TGIA interrupt handling routine write the next data in
NDR, or by having the TGIA interrupt activate the DTC or DMAC. Note, however, that the next
data must be written before the next compare match B occurs.

Figure 11.7 shows the timing of this operation.

Compare match A I_l I_l
Compare match B I_l i I_l i

Write to NDR Write to NDR

NDR ' X ' X

PODR N X X

0 output  0/1 output 0 output 0/1 output
Write to NDR —>—|<—>-|-—Write to NDR
Do not write here Do not write here
to NDR here to NDR here

Figure11.7 Non-Overlapping Operation and NDR Write Timing
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1145 Sample Setup Procedurefor Non-Overlapping Pulse Output

Figure 11.8 shows a sample procedure for setting up non-overlapping pulse output.

Non-overlapping [1] Set TIOR to make TGRA and TGRB
( pulse output ) output compare registers (with output
_ | disabled).
| Select TGR functions | (1 [2] Set the pulse output trigger cycle in
| TGRB and the non-overlapping margin
| Set TGR values [ 21 in TGRA.
TPU setup < | o
[3] Select the counter clock source with bits
| Set counting operation | [3] TPSC2 to TPSCO in TCR. Select the
| counter clear source with bits CCLR1
L | Select interrupt request | [4] and CCLRO.

_ | [4] Enable the TGIA interrupt in TIER. The
| Set initial output data | [5] DTC or DMAC can also be set up to
| transfer data to NDR.

| Enable pulse output | [6] [5] Set the initial output values in PODR.

l - [6] Set the bits in NDER for the pins to be
PPG setup < | Select output trigger | (7] used for pulse output to 1.
|

| Set non-overlapping groups | [8]

[7] Select the TPU compare match event to
be used as the pulse output trigger in

PCR.
Set next pulse 9 .
output data [0l [8] In PMR, select the groups that will
~ operate in non-overlapping mode.

|
TPU setup | Start counter | [10] [9] Set the next pulse output values in NDR.

= [10] Setthe CST bitin TSTR to 1 to start the

No
Compare match A? TCNT counter.

Set next pulse
output data

[11] At each TGIA interrupt, set the next
output values in NDR.

1]

Figure11.8 Setup Procedurefor Non-Overlapping Pulse Output (Example)
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11.4.6  Example of Non-Overlapping Pulse Output (Example of 4-Phase Complementary
Non-Overlapping Pulse Output)

Figure 11.9 shows an example in which pulse output is used for 4-phase complementary non-
overlapping pulse output.

TCNT value

TGRB - m o s m o m e i e g
TCNT

\
L—Time

'<—>'Non overlappmg margln : ! ! ! ! ! !
PO15 : | | . . L X | |

PO14 Co : |

PO13

PO12

PO11

PO10

PO9

Figure11.9 Non-Overlapping Pulse Output Example (4-Phase Complementary)
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. Set up the TPU channel to be used as the output trigger channel so that TGRA and TGRB are
output compare registers. Set the cycle in TGRB and the non-overlapping margin in TGRA,
and set the counter to be cleared by compare match B. Set the TGIEA bit in TIER to 1 to
enable the TGIA interrupt.

. Write HFF to NDERH, and set bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 in PCR to
select compare match in the TPU channel set up in the previous step to be the output trigger.
Set bits G3ANOV and G2NOV in PMR to 1 to select non-overlapping pulse output.

Write output data H'95 to NDRH.

. The timer counter in the TPU channel starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change from 0
to 1 (the change from O to 1 is delayed by the value set in TGRA).

The TGIA interrupt handling routine writes the next output data (H'65) to NDRH.

. 4-phase complementary non-overlapping pulse output can be obtained subsequently by writing
H'59, H'56, H'95... at successive TGIA interrupts.

If the DTC or DMAC is set for activation by a TGIA interrupt, pulse can be output without
imposing a load on the CPU.
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11.4.7 Inverted Pulse Output

If the G3INV, G2INV, G1INV, and GOINYV bits in PMR are cleared to 0, values that are the
inverse of the PODR contents can be output.

Figure 11.10 shows the outputs when the G3INV and G2INV bits are cleared to 0, in addition to
the settings of figure 11.9.

TCNT value

¢ T T
TCNT

NDRH gis X 655 X 559 X 5ie X éas :X és :X L
PODRL ;00;)(956559569565)(:)(

PO15

Pota | . o

PO13

PO12

PO11

PO10

PO9

PO8

Figure11.10 Inverted Pulse Output (Example)
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11.4.8 Pulse Output Triggered by Input Capture

Pulse output can be triggered by TPU input capture as well as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be

triggered by the input capture signal.

Figure 11.11 shows the timing of this output.

Po [ I I I

TIOC pin (D

W

Input capture signal

NDR N
PODR M X AN
PO M X N

Figure11.11 Pulse Output Triggered by Input Capture (Example)
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11.5 Usage Notes

1151 Module Stop Mode Setting

PPG operation can be disabled or enabled using the module stop control register. The initial value
is for PPG operation to be halted. Register access is enabled by clearing module stop mode. For
details, refer to section 19, Power-Down Modes.

11.5.2  Operation of Pulse Output Pins

Pins POO to PO15 are also used for other peripheral functions such as the TPU. When output by
another peripheral function is enabled, the corresponding pins cannot be used for pulse output.
Note, however, that data transfer from NDR bits to PODR bits takes place, regardless of the usage
of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.
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Section 12 8-Bit Timers (TMR)

This LSI has two units (unit O and unit 1) of an on-chip 8-bit timer module that comprise two 8-bit
counter channels, totaling four channels. The 8-bit timer module can be used to count external
events and also be used as a multifunction timer in a variety of applications, such as generation of
counter reset, interrupt requests, and pulse output with a desired duty cycle using a compare-match
signal with two registers.

Figures 12.1 and 12.2 show block diagrams of the 8-bit timer module (unit O and unit 1).

This section describes unit O (channels O and 1), which has the same functions as the other unit.

12.1 Features

e Selection of seven clock sources

The counters can be driven by one of six internal clock signals (P¢/2, P¢/18, Pd/32, Pd/164,
P¢/1024, or P$/8192) or an external clock input.

e Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal.
e Timer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to output pulses with a desired duty cycle or PWM
output.

e Cascading of two channels (TMR_0 and TMR_1)

Operation as a 16-bit timer is possible, using TMR_0 for the upper 8 bits and TMR_1 for the
lower 8 bits (16-bit count mode).

TMR_1 can be used to count TMR_0 compare matches (compare match count mode).
e Three interrupt sources
Compare match A, compare match B, and overflow interrupts can be requested independently.

e Generation of trigger to start A/D converter conversion
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Internal clocks

P¢/2
P¢/8
P¢/32
P¢/64
P/1024
P¢/8192
External clocks Counter clock 1
TMCIO — Counter clock 0
TMCI1 Clock select
— | TCORA_O TCORA_1 |<
Compare match A1 k) k)
Compare match AO|Comparator A_0 Comparator A_1
Overflow 1 r (j (W
TMOO ~— Overflow 0 | TCNTO TCNT _1
TMO1 «—f Counter clear 0 yd
Counter clear 1 /
Compare match B1
Compare match BO |Comparator B_0 I:' Comparator B_1 |
Control
TMRIO — logic
TMRI —»
| TCORB_0 I_| TCORB_1 |<
A/D
conversion <——|
tart request > tocsRo [ TosR1 K
signal
| Tcro |:| TCR_1 |/:
L
|
| TCCR.O |:| TCCR_1 |<
|—> CMIAO
—— > CMIA1
—— > CMIBO
——— > CMIB1
E——— O) V] [¢]
ovil
Interrupt signals
[Legend]
TCORA_O: Time constant register A_0 TCORA_1: Time constant register A_1
TCNT_O:  Timer counter_0 TCNT_1:  Timer counter_1
TCORB_0: Time constant register B_0 TCORB_1: Time constant register B_1
TCSR_0:  Timer control/status register_0 TCSR_1:  Timer control/status register_1
TCR_O: Timer control register_0 TCR_1: Timer control register_1
TCCR_0:  Timer counter control register_0 TCCR_1:  Timer counter control register_1

Internal bus

Figure12.1 Block Diagram of 8-Bit Timer Module (Unit 0)

Rev.2.00 Jun. 28, 2007 Page 510 of 784
REJ09B248-0200

RENESAS




Section 12 8-Bit Timers (TMR)

Internal clocks

P¢/2
P¢/8
P$/32
P¢/64
P¢/1024
17 P$/8192
External clocks Counter clock 3
TMCI2 ——» Counter clock 2
TMCI3 | Clock select
e | TCORA_2 TCORA_3 |<
Compare match A3 k) k)
Compare match A2| Comparator A_3 Comparator A73|
Overflow 3 r (j (j
TMO2 <~—— Overflow 2 | tonte || Tonts
TMO3 «— Counter clear 2 yd
Counter clear 3 / g
Compare match B3 . (:;
Compare match B2 | Comparator B_2 I:' Comparator B_3| (,EJ
Control £
TMRI2 — logic
TMRI3 —
| TCORB_2 I:' TCORB_3 |<
A/D
conversion <—|
Start request | T2 [ TosRs K
signal
| TcR.2 I:' TCR_3 I/:
1
T
| TCCR 2 |:| TCCR_3 |<
— CMIA2
— = CMIA3
———— " CMIB2
——————————————= CMIB3
——————————————*>0VI2
OVI3
Interrupt signals
[Legend]
TCORA_2: Time constant register A_2 TCORA_3: Time constant register A_3
TCNT_2:  Timer counter_2 TCNT_3:  Timer counter_3
TCORB_2: Time constant register B_2 TCORB_3: Time constant register B_3
TCSR_2:  Timer control/status register_2 TCSR_3:  Timer control/status register_3
TCR_2: Timer control register_2 TCR_3: Timer control register_3
TCCR_2:  Timer counter control register_2 TCCR_3:  Timer counter control register_3

Figure12.2 Block Diagram of 8-Bit Timer Module (Unit 1)
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12.2  Input/Output Pins
Table 12.1 shows the pin configuration of the TMR.

Table12.1 Pin Configuration

Unit Channel Name Symbol 1/O Function

0 0 Timer output pin TMOO0 Output Outputs compare match

Timer clock input pin TMCIO  Input  Inputs external clock for counter

Timer reset input pin TMRIO Input Inputs external reset to counter

1 Timer output pin TMO1 Output Outputs compare match

Timer clock input pin TMCI1 Input  Inputs external clock for counter

Timer reset input pin TMRI1 Input  Inputs external reset to counter

1 2 Timer output pin TMO2 Output Outputs compare match

Timer clock input pin TMCI2 Input Inputs external clock for counter

Timer reset input pin TMRI2  Input  Inputs external reset to counter

3 Timer output pin TMOS3 Output Outputs compare match

Timer clock input pin TMCI3  Input  Inputs external clock for counter

Timer reset input pin TMRI3  Input  Inputs external reset to counter
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12.3  Register Descriptions
The TMR has the following registers.
Unit O:

e Channel 0
— Timer counter_0 (TCNT_0)
— Time constant register A_0 (TCORA_0)
— Time constant register B_0 (TCORB_0)
— Timer control register_0 (TCR_0)
— Timer counter control register_0 (TCCR_0)
— Timer control/status register_0 (TCSR_0)

e Channel 1
— Timer counter_1 (TCNT_1)
— Time constant register A_1 (TCORA_1)
— Time constant register B_1 (TCORB_1)
— Timer control register_1 (TCR_1)
— Timer counter control register_1 (TCCR_1)
— Timer control/status register_1 (TCSR_1)

Unit 1

e Channel 2
— Timer counter_2 (TCNT_2)
— Time constant register A_2 (TCORA_2)
— Time constant register B_2 (TCORB_2)
— Timer control register_2 (TCR_2)
— Timer counter control register_2 (TCCR_2)
— Timer control/status register_2 (TCSR_2)

e Channel 3
— Timer counter_3 (TCNT_3)
— Time constant register A_3 (TCORA_3)
— Time constant register B_3 (TCORB_3)
— Timer control register_3 (TCR_3)
— Timer counter control register_3 (TCCR_3)
— Timer control/status register_3 (TCSR_3)

RENESAS
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1231 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter. TCNT_0 and TCNT_1 comprise a single 16-bit
register so they can be accessed together by a word transfer instruction. Bits CKS2 to CKSO in
TCR and bits ICKS1 and ICKSO in TCCR are used to select a clock. TCNT can be cleared by an
external reset input signal, compare match A signal, or compare match B signal. Which signal is to
be used for clearing is selected by bits CCLR1 and CCLRO in TCR. When TCNT overflows from
H'FF to H'00, bit OVF in TCSR is set to 1. TCNT is initialized to H'00.

TCNT_O TCNT_1
/S -~ . .\
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

oveme | | | | ] ] ] [ [ [ [ [ | | | | |

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

12.3.2 TimeConstant Register A (TCORA)

TCORA is an 8-bit readable/writable register. TCORA_0 and TCORA_1 comprise a single 16-bit
register so they can be accessed together by a word transfer instruction. The value in TCORA is
continually compared with the value in TCNT. When a match is detected, the corresponding
CMFA flag in TCSR is set to 1. Note however that comparison is disabled during the T2 state of a
TCORA write cycle. The timer output from the TMO pin can be freely controlled by this compare
match signal (compare match A) and the settings of bits OS1 and OS0 in TCSR. TCORA is
initialized to H'FF.

TCORA_O TCORA 1 —408M8 —
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
avre T T T T T T T T T T T T T T T
Initial Value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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12.3.3 TimeConstant Register B (TCORB)

TCORRB is an 8-bit readable/writable register. TCORB_0 and TCORB_1 comprise a single 16-bit
register so they can be accessed together by a word transfer instruction. TCORB is continually
compared with the value in TCNT. When a match is detected, the corresponding CMFB flag in
TCSR is set to 1. Note however that comparison is disabled during the T2 state of a TCORB write
cycle. The timer output from the TMO pin can be freely controlled by this compare match signal
(compare match B) and the settings of bits OS3 and OS2 in TCSR. TCORB is initialized to H'FF.

TCORB_0 TCORB_1
Bit 7 6 5 4 3 2 1 0 7 6 5 4 Sﬁ
avae 1 [ [ T T T T T T [ T T T T T
Initial Value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
1234 Timer Control Register (TCR)

TCR selects the TCNT clock source and the condition for clearing TCNT, and enables/disables
interrupt requests.

Bit 7 6 5 4 3 2 1 0

Bit Name CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W RIW
Initial

Bit Bit Name Value R/W  Description

7 CMIEB 0 R/W  Compare Match Interrupt Enable B

Selects whether CMFB interrupt requests (CMIB) are
enabled or disabled when the CMFB flag in TCSR is set
to 1.

0: CMFB interrupt requests (CMIB) are disabled
1: CMFB interrupt requests (CMIB) are enabled
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Bit Bit Name

Initial
Value

R/W

Description

6 CMIEA

0

R/W

Compare Match Interrupt Enable A

Selects whether CMFA interrupt requests (CMIA) are
enabled or disabled when the CMFA flag in TCSR is
setto 1.

0: CMFA interrupt requests (CMIA) are disabled
1: CMFA interrupt requests (CMIA) are enabled

5 OVIE

R/W

Timer Overflow Interrupt Enable

Selects whether OVF interrupt requests (OVI) are
enabled or disabled when the OVF flag in TCSR is set
to 1.

0: OVF interrupt requests (OVI) are disabled
1: OVF interrupt requests (OVI) are enabled

CCLR1
3 CCLRO

R/W
R/W

Counter Clear 1 and 0*

These bits select the method by which TCNT is
cleared.

00: Clearing is disabled
01: Cleared by compare match A
10: Cleared by compare match B

11: Cleared at rising edge (TMRIS in TCCR is cleared
to 0) of the external reset input or when the
external reset input is high (TMRIS in TCCR is set
to 1)

2 CKS2
1 CKSH1
0 CKS0

0
0
0

R/W
R/W
R/W

Clock Select 2 to 0*

These bits select the clock input to TCNT and count
condition. See table 12.2.

Note: * To use an external reset or external clock, the DDR and ICR bits in the corresponding
pin should be set to 0 and 1, respectively. For details, see section 9, I/O Ports.
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12.35 Timer Counter Control Register (TCCR)

TCCR selects the TCNT internal clock source and controls external reset input.

Bit 7 6 5 4 3 2 1 0
Bit Name — — — — TMRIS — ICKS1 ICKS0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W RW R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7t04 — 0 R/W Reserved
These bits are always read as 0. The write value should
always be 0.
3 TMRIS 0 R/W Timer Reset Input Select

Selects an external reset input when the CCLR1 and
CCLRO bits in TCR are B'11.

0: Cleared at rising edge of the external reset
1: Cleared when the external reset is high

2 — 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0
ICKSH1 0 R/W Internal Clock Select 1 and 0
0 ICKSO 0 R/W These bits in combination with bits CKS2 to CKSO0 in TCR

select the internal clock. See table 12.2.
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Table12.2 Clock Input to TCNT and Count Condition

TCR TCCR

Bit2 Bitl Bit0 Bitl Bit0O
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description

TMR_0 0 0 0 — — Clock input prohibited.

0 0 1 0 0 Uses internal clock. Counts at rising edge of P¢/8.
0 1 Uses internal clock. Counts at rising edge of P¢/2.
1 0 Uses internal clock. Counts at falling edge of P¢/8.
1 1 Uses internal clock. Counts at falling edge of P¢/2.

0 1 0 0 0 Uses internal clock. Counts at rising edge of P¢/64.
0 1 Uses internal clock. Counts at rising edge of P¢/32.
1 0 Uses internal clock. Counts at falling edge of P¢/64.
1 1 Uses internal clock. Counts at falling edge of P¢/32.

0 1 1 0 0 Uses internal clock. Counts at rising edge of P¢/8192.
0 1 Uses internal clock. Counts at rising edge of P¢/1024.
1 0 Uses internal clock. Counts at falling edge of P¢/8192.
1 1 Uses internal clock. Counts at falling edge of P$/1024.

1 0 0 — — Counts at TCNT_1 overflow signal*'.

TMR_1 0 0 0 — — Clock input prohibited.

0 0 1 0 0 Uses internal clock. Counts at rising edge of P¢/8.
0 1 Uses internal clock. Counts at rising edge of P¢/2.
1 0 Uses internal clock. Counts at falling edge of P¢/8.
1 1 Uses internal clock. Counts at falling edge of P¢/2.

0 1 0 0 0 Uses internal clock. Counts at rising edge of P¢/64.
0 1 Uses internal clock. Counts at rising edge of P¢/32.
1 0 Uses internal clock. Counts at falling edge of P¢/64.
1 1 Uses internal clock. Counts at falling edge of P¢/32.

0 1 1 0 0 Uses internal clock. Counts at rising edge of P¢/8192.
0 1 Uses internal clock. Counts at rising edge of P¢/1024.
1 0 Uses internal clock. Counts at falling edge of P$/8192.
1 1 Uses internal clock. Counts at falling edge of P¢/1024.

1 0 0 — — Counts at TCNT_0 compare match A*'.
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TCR TCCR

Bit2 Bitl Bit0O Bitl BitO
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description

All 1 0 1 — — Uses external clock. Counts at rising edge**.
1 1 0 — — Uses external clock. Counts at falling edge**.
1 1 1 — — Uses external clock. Counts at both rising and falling
edges*’.

Notes: 1. If the clock input of TMR_O is the TCNT_1 overflow signal and that of TMR_1 is the
TCNT_0 compare match signal, no incrementing clock is generated. Do not use this
setting.

2. To use the external clock, the DDR and ICR bits in the corresponding pin should be set
to 0 and 1, respectively. For details, see section 9, 1/0 Ports.

12.3.6 Timer Control/Status Register (TCSR)

TCSR displays status flags, and controls compare match output.

e TCSR_0

Bit 7 6 5 4 3 2 1 0
Bit Name CMFB CMFA OVF ADTE 0S3 082 OS1 0S0
Initial Value 0 0 0 0 0 0 0 0
R/W R/(W)* R/(W)* R/(W)* R/W R/W R/IW R/W R/W
e TCSR_1

Bit 7 6 5 4 3 2 1 0
Bit Name CMFB CMFA OVF — 0S3 0Ss2 0OS1 0S0
Initial Value 0 0 0 1 0 0 0 0
R/W R/(W)* R/(W)* R/(W)* R R/W R/W R/W R/W

Note: * Only 0 can be written to this bit, to clear the flag.
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Bit

TCSR_0

Bit Name

Initial
Value

R/W

Description

7

CMFB

0

R/(W)*"

Compare Match Flag B

[Setting condition]

e When TCNT matches TCORB
[Clearing conditions]

e When writing O after reading CMFB = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)

e When the DTC is activated by a CMIB interrupt
while the DISEL bit in MRB of the DTC is 0

CMFA

0

R/(W)*"

Compare Match Flag A

[Setting condition]

e When TCNT matches TCORA
[Clearing conditions]

e When writing O after reading CMFA = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing O to it.)

e When the DTC is activated by a CMIA interrupt
while the DISEL bit in MRB in the DTC is 0

OVF

0

R/(W)*'

Timer Overflow Flag

[Setting condition]

When TCNT overflows from H'FF to H'00
[Clearing condition]

When writing 0 after reading OVF =1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure to
read the flag after writing 0 to it.)
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Initial
Bit Bit Name Value

R/W

Description

4 ADTE 0

R/W

A/D Trigger Enable

Selects enabling or disabling of A/D converter start
requests by compare match A.

0: A/D converter start requests by compare match A are
disabled

1: A/D converter start requests by compare match A are
enabled

0S3
2 082

R/W
R/W

Output Select 3 and 2+

These bits select a method of TMO pin output when
compare match B of TCORB and TCNT occurs.

00: No change when compare match B occurs
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occurs

11: Output is inverted when compare match B occurs
(toggle output)

(O} 0
0 0Sso 0

R/W
R/W

Output Select 1 and 0**

These bits select a method of TMO pin output when
compare match A of TCORA and TCNT occurs.

00: No change when compare match A occurs
01: 0 is output when compare match A occurs
10: 1 is output when compare match A occurs

11: Output is inverted when compare match A occurs
(toggle output)

Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. Timer output is disabled when bits OS3 to OSO0 are all 0. Timer output is 0 until the first
compare match occurs after resetting.
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Bit

TCSR_1

Bit Name

Initial
Value

R/W

Description

7

CMFB

0

R/(W)*"

Compare Match Flag B

[Setting condition]

e When TCNT matches TCORB

[Clearing conditions]

e When writing O after reading CMFB = 1
(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing O to it.)

e When the DTC is activated by a CMIB interrupt
while the DISEL bit in MRB of the DTC is 0

CMFA

0

R/(W)*"

Compare Match Flag A

[Setting condition]

e When TCNT matches TCORA
[Clearing conditions]

e When writing O after reading CMFA = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)

e When the DTC is activated by a CMIA interrupt
while the DISEL bit in MRB of the DTC is 0

OVF

0

R/(W)*'

Timer Overflow Flag

[Setting condition]

When TCNT overflows from H'FF to H'00
[Clearing condition]

Cleared by reading OVF when OVF = 1, then writing O
to OVF

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure to
read the flag after writing 0 to it.)
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Initial
Bit Bit Name  Value R/W Description
4 — 1 R Reserved
This is a read-only bit and cannot be modified.
0Ss3 R/W  Output Select 3 and 2**
0S2 R/W These bits select a method of TMO pin output when
compare match B of TCORB and TCNT occurs.
00: No change when compare match B occurs
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occurs
11: Output is inverted when compare match B occurs
(toggle output)
0S1 R/W  Output Select 1 and 0+*
0 0S0 R/W  These bits select a method of TMO pin output when

compare match A of TCORA and TCNT occurs.
00: No change when compare match A occurs
01: 0 is output when compare match A occurs
10: 1 is output when compare match A occurs

11: Output is inverted when compare match A occurs
(toggle output)

Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. Timer output is disabled when bits OS3 to OSO0 are all 0. Timer output is 0 until the first
compare match occurs after resetting.
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124  Operation

1241  Pulse Output

Figure 12.3 shows an example of the 8-bit timer being used to generate a pulse output with a
desired duty cycle. The control bits are set as follows:

1. In TCR, clear bit CCLR1 to 0 and set bit CCLRO to 1 so that TCNT is cleared at a TCORA
compare match.

2. In TCSR, set bits OS3 to OSO0 to B'0110, causing the output to change to 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides pulses output at a cycle determined by TCORA with a
pulse width determined by TCORB. No software intervention is required. The output level of the
8-bit timer holds 0 until the first compare match occurs after a reset.

Figure12.3 Example of Pulse Output
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12.42  Reset Input

Figure 12.4 shows an example of the 8-bit timer being used to generate a pulse which is output
after a desired delay time from a TMRI input. The control bits are set as follows:

1. Set both bits CCLR1 and CCLRO in TCR to 1 and set the TMRIS bit in TCCR to 1 so that
TCNT is cleared at the high level input of the TMRI signal.

2. In TCSR, set bits OS3 to OSO to B'0110, causing the output to change to 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides pulses output at a desired delay time from a TMRI
input determined by TCORA and with a pulse width determined by TCORB and TCORA.

H'00

TMRI

T™MO | |

Figure12.4 Example of Reset Input
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125 Operation Timing

125.1 TCNT Count Timing

Figure 12.5 shows the TCNT count timing for internal clock input. Figure 12.6 shows the TCNT
count timing for external clock input. Note that the external clock pulse width must be at least 1.5
states for incrementation at a single edge, and at least 2.5 states for incrementation at both edges.
The counter will not increment correctly if the pulse width is less than these values.

O O O e e e 1 e 1 o

Internal clock —I\,_\ (¢ | ” I\,_\
77
TCNT input \\ \\
clock 4,_|_( | |
5 )
(e (C
TCNT N -1 X, N " X N+1
) )

Figure12.5 Count Timing for Internal Clock Input at Falling Edge

Po Trrermrirorurre
External clock ‘—l )}
input pin (¢ I—

))
TCNT input
clock —\’_\‘,_I_‘;
( (
TCNT N -1 )4{’ N XZ(’ N+ 1
J J

Figure12.6 Count Timing for External Clock Input at Falling and Rising Edges

125.2 Timing of CMFA and CMFB Setting at Compare Match

The CMFA and CMFB flags in TCSR are set to 1 by a compare match signal generated when the
TCOR and TCNT values match. The compare match signal is generated at the last state in which
the match is true, just before the timer counter is updated. Therefore, when the TCOR and TCNT
values match, the compare match signal is not generated until the next TCNT clock input. Figure
12.7 shows this timing.

Rev.2.00 Jun. 28, 2007 Page 526 of 784
REJ09B248-0200 RENESAS



Section 12 8-Bit Timers (TMR)

Fe S I I S

TCNT N X N+ 1
TCOR N

Compare match

signal |\/_\|

CMF |

Figure12.7 Timing of CMF Setting at Compare Match

125.3 Timing of Timer Output at Compare Match

When a compare match signal is generated, the timer output changes as specified by bits OS3 to
OS0 in TCSR. Figure 12.8 shows the timing when the timer output is toggled by the compare
match A signal.

Po 1 e e e Y o o e
Compare match A I_l |_|_
signal ()r)

T\ ) N
Timer output pin | ” |

Figure12.8 Timing of Toggled Timer Output at Compare Match A

1254 Timing of Counter Clear by Compare Match

TCNT is cleared when compare match A or B occurs, depending on the settings of bits CCLR1
and CCLRO in TCR. Figure 12.9 shows the timing of this operation.

Po S [ A I I

Ci a atch

sgmal Ij\
X

TCNT N

H'00

Figure12.9 Timing of Counter Clear by Compare Match
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1255 Timing of TCNT External Reset

TCNT is cleared at the rising edge or high level of an external reset input, depending on the
settings of bits CCLR1 and CCLRO in TCR. The clear pulse width must be at least 2 states.
Figures 12.10 and 12.11 show the timing of this operation.

Fe S I I I

External reset
input pin |

Clear signal \f\1_|—

TCNT N -1 X N X Hoo

Figure12.10 Timing of Clearance by External Reset (Rising Edge)

i S I I I

External reset
input pin |

Clear signal |

TCNT N -1 X N X Hoo

Figure12.11 Timing of Clearance by External Reset (High Level)

125.6 Timing of Overflow Flag (OVF) Setting

The OVF bit in TCSR is set to 1 when TCNT overflows (changes from H'FF to H'00). Figure
12.12 shows the timing of this operation.

Fe I I

TCNT HFF

X

Overflow signal | |
\
OVF I

H'00

Figure12.12 Timing of OVF Setting
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12.6  Operation with Cascaded Connection

If bits CKS2 to CKSO in either TCR_0 or TCR_1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit counter
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match count mode).

12.6.1 16-Bit Counter Mode

When bits CKS2 to CKSO0 in TCR_O are set to B'100, the timer functions as a single 16-bit timer
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

(1) Setting of Compare Match Flags:

e The CMF flag in TCSR_O is set to 1 when a 16-bit compare match event occurs.

o The CMF flag in TCSR_1 is set to 1 when a lower 8-bit compare match event occurs.
(2) Counter Clear Specification

e If the CCLR1 and CCLRO bits in TCR_0 have been set for counter clear at compare match, the
16-bit counter (TCNT_0 and TCNT_1 together) is cleared when a 16-bit compare match event
occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter clear by
the TMRIO pin has been set.

o The settings of the CCLR1 and CCLRO bits in TCR_1 are ignored. The lower 8 bits cannot be
cleared independently.

(3) Pin Output

e Control of output from the TMOO pin by bits OS3 to OS0 in TCSR_O is in accordance with the
16-bit compare match conditions.

e Control of output from the TMO1 pin by bits OS3 to OSO in TCSR_1 is in accordance with the
lower 8-bit compare match conditions.

12.6.2 CompareMatch Count Mode

When bits CKS2 to CKS0 in TCR_1 are set to B'100, TCNT_1 counts compare match A for
channel 0. Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF
flag, generation of interrupts, output from the TMO pin, and counter clear are in accordance with
the settings for each channel.
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12.7 Interrupt Sources

12.7.1  Interrupt Sourcesand DTC Activation

There are three interrupt sources for the 8-bit timer (TMR_0 or TMR_1): CMIA, CMIB, and OVI.
Their interrupt sources and priorities are shown in table 12.3. Each interrupt source is enabled or
disabled by the corresponding interrupt enable bit in TCR or TCSR, and independent interrupt
requests are sent for each to the interrupt controller. It is also possible to activate the DTC by
means of CMIA and CMIB interrupts.

Table12.3 8-Bit Timer (TMR_Oor TMR_1) Interrupt Sources

Name Interrupt Source Interrupt Flag DTC Activation Priority
CMIAOQ TCORA_0 compare match  CMFA Possible (VNUM = 2'b00) High
CMIBO TCORB_0 compare match  CMFB Possible (VNUM = 2'b01) f
OoVIo TCNT_O overflow OVF Not possible Low
CMIA1 TCORA_1 compare match  CMFA Possible (VNUM = 2'b10) High
CMIBA TCORB_1 compare match CMFB Possible (VNUM = 2'b11) f
OV TCNT_1 overflow OVF Not possible Low

Note: VNUM is an internal signal.

12.7.2  A/D Converter Activation
The A/D converter can be activated only by TMR_0 compare match A.

If the ADTE bit in TCSR_O is set to 1 when the CMFA flag in TCSR_O is set to 1 by the
occurrence of TMR_0 compare match A, a request to start A/D conversion is sent to the A/D
converter. If the 8-bit timer conversion start trigger has been selected on the A/D converter side at
this time, A/D conversion is started.
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12.8  Usage Notes

12.8.1 Noteson Setting Cycle

If the compare match is selected for counter clear, TCNT is cleared at the last state in the cycle in
which the values of TCNT and TCOR match. TCNT updates the counter value at this last state.
Therefore, the counter frequency is obtained by the following formula.

f=Pd/(N+1)
f:  Counter frequency

P¢: Operating frequency
N: TCOR value

12.8.2 Conflict between TCNT Write and Clear

If a counter clear signal is generated during the T, state of a TCNT write cycle, the clear takes
priority and the write is not performed as shown in figure 12.13.

TCNT write cycle by CPU
Ty T,

& I I P I S
Address :X TCNT address X

Internal write signal | |

Counter clear signal | |

TCNT N X H'00

A

Figure12.13 Conflict between TCNT Writeand Clear

12.8.3 Conflict between TCNT Write and I ncrement

If a TCNT input clock pulse is generated during the T, state of a TCNT write cycle, the write takes
priority and the counter is not incremented as shown in figure 12.14.
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TCNT write cycle by CPU
Ty T>

P I
Address x TCNT address X
Internal write signal | |

TCNT input clock | |

TCNT N X Pl M

Counter write data /

Figure12.14 Conflict between TCNT Write and I ncrement

1284 Conflict between TCOR Write and Compare Match

If a compare match event occurs during the T, state of a TCOR write cycle, the TCOR write takes
priority and the compare match signal is inhibited as shown in figure 12.15.

TCOR write cycle by CPU
Ty - T,

Po | | |
Address x TCOR address X
Internal write signal | |

TCNT N X N+t
TCOR N X
TCOR write data/
Compare match signal ' :‘\
\ Inhibited

Figure12.15 Conflict between TCOR Write and Compare Match

Rev.2.00 Jun. 28, 2007 Page 532 of 784

REJ09B248-0200 :{EN ESNS



Section 12 8-Bit Timers (TMR)

1285 Conflict between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operates in accordance
with the priorities for the output statuses set for compare match A and compare match B, as shown
in table 12.4.

Table12.4 Timer Output Priorities

Output Setting Priority
Toggle output High
1-output

0-output T

No change Low

12.8.6  Switching of Internal Clocksand TCNT Operation

TCNT may be incremented erroneously depending on when the internal clock is switched. Table
12.5 shows the relationship between the timing at which the internal clock is switched (by writing
to bits CKS1 and CKS0) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the rising or falling edge of the internal
clock pulse are always monitored. Table 12.5 assumes that the falling edge is selected. If the
signal levels of the clocks before and after switching change from high to low as shown in item 3,
the change is considered as the falling edge. Therefore, a TCNT clock pulse is generated and
TCNT is incremented. This is similar to when the rising edge is selected.

The erroneous incrementation of TCNT can also happen when switching between rising and
falling edges of the internal clock, and when switching between internal and external clocks.
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Table12.5 Switching of Internal Clock and TCNT Operation

Timing to Change CKS1
No. and CKSO Bits TCNT Clock Operation

1 Switching from low to low*’ Clock before
switchover J 1|

Clock after
switchover

TCNT input
clock

TCNT N X N+ 1 X

2 Switching from low to high** Clock before
switchover J I I |

Clock after
switchover

TCNT input
clock

TCNT N X N+1 X N+2 X

CKS bits changed
3 Switching from high to low*® Clock before
switchover J || | | | |

Clock after E
switchover . g
x4

TCNT input [1 m 1

clock N
TCNT N X N+1: X N+2 X

CKS bits' changed

4 Switching from high to high Clock before
switchover J I I I I

Clock after
switchover

TCNT input
clock

TCNT N X N+t X N+2 X

CKS bits changed

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.

3. Includes switching from high to stop.
4

Generated because the change of the signal levels is considered as a falling edge;
TCNT is incremented.
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12.8.7 Mode Setting with Cascaded Connection

If 16-bit counter mode and compare match count mode are specified at the same time, input clocks
for TCNT_0 and TCNT_1 are not generated, and the counter stops. Do not specify 16-bit counter
mode and compare match count mode simultaneously.

12.8.8 Module Stop Mode Setting

Operation of the TMR can be disabled or enabled using the module stop control register. The
initial setting is for operation of the TMR to be halted. Register access is enabled by clearing
module stop mode. For details, see section 19, Power-Down Modes.

12.8.9 Interruptsin Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC activation source. Interrupts should therefore be
disabled before entering module stop mode.
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Section 13 Watchdog Timer (WDT)

The watchdog timer (WDT) is an 8-bit timer that outputs an overflow signal (WDTOVF) if a
system crash prevents the CPU from writing to the timer counter, thus allowing it to overflow. At
the same time, the WDT can also generate an internal reset signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. In interval
timer operation, an interval timer interrupt is generated each time the counter overflows.

Figure 13.1 shows a block diagram of the WDT.

13.1 Features

e Selectable from eight counter input clocks

e Switchable between watchdog timer mode and interval timer mode

— In watchdog timer mode

If the counter overflows, the WDT outputs WDTOVF. It is possible to select whether or
not the entire LSI is reset at the same time.

— In interval timer mode

If the counter overflows, the WDT generates an interval timer interrupt (WOVI).

i Overflow
WOV <._| Interrupt <
(interrupt request E control |~
signal) E Clock
E Y
WDTOVF <——
Internal reset signal* <—— Reset
control

[Legend]
TCSR:
TCNT:

Clock
select

<«——Py/512
~<——P0/2048
<~—P¢/8192
<——P/32768

Internal clocks

A

f ) |
[ rsTCSR |<—,|_< TONT [« TCSR |

0

0

Internal bus

Bus

Module bus

interface

Timer control/status register
Timer counter

RSTCSR: Reset control/status register

<~ Py/131072 !

Note: * An internal reset signal can be generated by the RSTCSR setting.

Figure13.1 Block Diagram of WDT
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13.2  Input/Output Pin
Table 13.1 shows the WDT pin configuration.

Table13.1 Pin Configuration

Name Symbol I/O Function

Watchdog timer overflow WDTOVF Output  Outputs a counter overflow signal in
watchdog timer mode

13.3 Register Descriptions

The WDT has the following three registers. To prevent accidental overwriting, TCSR, TCNT, and
RSTCSR have to be written to in a method different from normal registers. For details, see section
13.6.1, Notes on Register Access.

e Timer counter (TCNT)
e Timer control/status register (TCSR)
e Reset control/status register (RSTCSR)

1331 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter. TCNT is initialized to H'O0 when the TME bit in
TCSR is cleared to 0.

Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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13.3.2 Timer Control/Status Register (TCSR)

TCSR selects the clock source to be input to TCNT, and the timer mode.

Bit 7 6 5 4 3 2 1 0
Bit Name OVF WTAT TME — — CKS2 CKS1 CKSO0
Initial Value 0 0 0 1 1 0 0 0
R/W R/(W)* R/W R/W R R R/W R/W R/W

Note: * Only 0 can be written to this bit, to clear the flag.

Initial
Bit Bit Name Value R/W Description
7 OVF 0 R/(W)* Overflow Flag

Indicates that TCNT has overflowed in interval timer
mode. Only 0 can be written to this bit, to clear the flag.

[Setting condition]

When TCNT overflows in interval timer mode (changes
from H'FF to H'00)

When internal reset request generation is selected in
watchdog timer mode, OVF is cleared automatically by
the internal reset.

[Clearing condition]

Cleared by reading TCSR when OVF = 1, then writing O
to OVF

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure to
read the flag after writing 0 to it.)

6 WTAT 0 R/W  Timer Mode Select

Selects whether the WDT is used as a watchdog timer or
interval timer.

0: Interval timer mode

When TCNT overflows, an interval timer interrupt
(WQVI) is requested.

1: Watchdog timer mode
When TCNT overflows, the WDTOVF signal is output.
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Initial
Bit Bit Name Value R/W Description
5 TME 0 R/W Timer Enable
When this bit is set to 1, TCNT starts counting. When this
bit is cleared, TCNT stops counting and is initialized to
H'00.
4,3 — All 1 R Reserved
These are read-only bits and cannot be modified.
2 CKS2 0 R/W Clock Select2to 0
CKS1 0 R/W Select the clock source to be input to TCNT. The overflow
0 CKSO0 0 R/W cycle for P = 20 MHz is indicated in parentheses.

000: Clock P¢/2 (cycle: 25.6 us)

001: Clock P¢/64 (cycle: 819.2 us)
010: Clock P¢y/128 (cycle: 1.6 ms)
011: Clock P¢/512 (cycle: 6.6 ms)

100: Clock P$/2048 (cycle: 26.2 ms)
101: Clock P¢/8192 (cycle: 104.9 ms)
110: Clock P¢/32768 (cycle: 419.4 ms)
111: Clock P$/131072 (cycle: 1.68 s)

Note: * Only 0 can be written to this bit, to clear the flag.

13.3.3 Reset Control/Status Register (RSTCSR)

RSTCSR controls the generation of the internal reset signal when TCNT overflows, and selects
the type of internal reset signal. RSTCSR is initialized to H'1F by a reset signal from the RES pin,
but not by the WDT internal reset signal caused by WDT overflows.

Bit 7 6 5 4 3 2 1 0
Bit Name WOVF RSTE — — _ _ o o
Initial Value 0 0 0 1 1 1 1 1

R/W R/(W)* R/W R/W R R R R R

Note: * Only 0 can be written to this bit, to clear the flag.
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Initial
Bit Bit Name Value R/W Description
7 WOVF 0 R/(W)* Watchdog Timer Overflow Flag

This bit is set when TCNT overflows in watchdog timer
mode. This bit cannot be set in interval timer mode, and
only 0 can be written.

[Setting condition]

When TCNT overflows (changed from H'FF to H'00) in
watchdog timer mode

[Clearing condition]

Reading RSTCSR when WOVF = 1, and then writing O to
WOVF

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure to
read the flag after writing 0 to it.)

6 RSTE 0 R/W Reset Enable

Specifies whether or not this LSl is internally reset if
TCNT overflows during watchdog timer operation.

0: LSl is not reset even if TCNT overflows (Though this
LSl is not reset, TCNT and TCSR in WDT are reset)

1: LSl is reset if TCNT overflows
5 — 0 R/W Reserved

Although this bit is readable/writable, reading from or
writing to this bit does not affect operation.

4t00 — All 1 R Reserved
These are read-only bits and cannot be modified.

Note: * Only 0 can be written to this bit, to clear the flag.
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134  Operation

134.1 Watchdog Timer Mode
To use the WDT in watchdog timer mode, set both the WT/T and TME bits in TCSR to 1.

During watchdog timer operation, if TCNT overflows without being rewritten because of a system
crash or other error, the WDTOVF signal is output. This ensures that TCNT does not overflow
while the system is operating normally. Software must prevent TCNT overflows by rewriting the
TCNT value (normally H'00 is written) before overflow occurs. This WDTOVF signal can be used
to reset the LSI internally in watchdog timer mode.

If TCNT overflows when the RSTE bit in RSTCSR is set to 1, a signal that resets this LSI
internally is generated at the same time as the WDTOVF signal. If a reset caused by a signal input
to the RES pin occurs at the same time as a reset caused by a WDT overflow, the RES pin reset
has priority and the WOVF bit in RSTCSR is cleared to 0.

The WDTOVF signal is output for 133 states with Pdp when RSTE = 1 in RSTCSR, and for 130
states with P¢ when RSTE = 0 in RSTCSR. The internal reset signal is output for 519 states with

P¢.

When the RSTE bit = 1, an internal reset signal is generated. As this signal resets the system clock
control register (SCKCR), the magnification power of P¢ to the input clock becomes the initial
value. When the RSTE bit = 0, no internal reset signal is generated. Therefore, the setting of
SCKCR is retained and the magnification power of P¢ to the input clock does not change.

When TCNT overflows in watchdog timer mode, the WOVF bit in RSTCSR is set to 1. If TCNT
overflows when the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated for the
entire LSIL.
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TCNT value
Overflow

H'00 »Time
X+ 7 ¥

IT=1 HOO written WOVF =

TME =1 to TCNT WOTOVE and

internal reset are
generated *
.
|

=1 H'00 written
TME=1 to TCNT

—f <

WDTOVF signal | I
fe—>t
133 states™?
Internal reset signal*! | |
f—|
519 states

Notes: 1. If TCNT overflows when the RSTE bit is set to 1, an internal reset signal is generated.
2. 130 states when the RSTE bit is cleared to 0.

Figure13.2 Operation in Watchdog Timer Mode

13.4.2 Interval Timer Mode
To use the WDT as an interval timer, set the WT/IT bit to 0 and the TME bit to 1 in TCSR.

When the WDT is used as an interval timer, an interval timer interrupt (WOVI) is generated each
time the TCNT overflows. Therefore, an interrupt can be generated at intervals.

When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) is requested
at the same time the OVF bit in the TCSR is set to 1.

TCNT value

Overflow Overflow Overflow Overflow

»Time

R : : : l

WT/AT =0
TME =1 WOVI WOVI WOVI WOVI

WOVI: Interval timer interrupt request

Figure13.3 Operation in Interval Timer Mode
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135 Interrupt Source

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flag is set to 1 in TCSR. The OVF flag
must be cleared to O in the interrupt handling routine.

Table13.2 WDT Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation
WOVI TCNT overflow OVF Impossible

13.6 Usage Notes

13.6.1 Noteson Register Access

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registers in being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

(1) Writingto TCNT, TCSR, and RSTCSR

TCNT and TCSR must be written to by a word transfer instruction. They cannot be written to by a
byte transfer instruction.

For writing, TCNT and TCSR are assigned to the same address. Accordingly, perform data
transfer as shown in figure 13.4. The transfer instruction writes the lower byte data to TCNT or
TCSR.

To write to RSTCSR, execute a word transfer instruction for address HFFAG6. A byte transfer
instruction cannot be used to write to RSTCSR.

The method of writing 0 to the WOVF bit in RSTCSR differs from that of writing to the RSTE bit
in RSTCSR. Perform data transfer as shown in figure 13.4.

At data transfer, the transfer instruction clears the WOVF bit to 0, but has no effect on the RSTE
bit. To write to the RSTE bit, perform data transfer as shown in figure 13.4. In this case, the
transfer instruction writes the value in bit 6 of the lower byte to the RSTE bit, but has no effect on
the WOVF bit.

Rev.2.00 Jun. 28, 2007 Page 544 of 784
REJ09B248-0200 RENESAS



Section 13 Watchdog Timer (WDT)

TCNT write or writing to the RSTE bit in RSTCSR:

Address: H'FFA4 (TCNT) 15 87 0
H'FFA6 (RSTCSR) | H'5A | Write data |

TCSR write: 15 87 0
Address: H'FFA4 (TCSR) | HAS | Write data |

Writing O to the WOVF bit in RSTCSR:

Address: H'FFA6 (RSTCSR) 12 87 0
HAS | H00 |

Figure13.4 Writingto TCNT, TCSR, and RSTCSR
(2) Reading from TCNT, TCSR, and RSTCSR

These registers can be read from in the same way as other registers. For reading, TCSR is assigned
to address HFFA4, TCNT to address H'FFAS, and RSTCSR to address HFFA7.

13.6.2 Conflict between Timer Counter (TCNT) Writeand Increment

If a TCNT clock pulse is generated during the T2 state of a TCNT write cycle, the write takes
priority and the timer counter is not incremented. Figure 13.5 shows this operation.

TCNT write cycle
T1 el T2

-t > >

Py i I I L L L
Address X X
Internal write signal | |
TCNT input clock | |

TONT X
N oM

Counter write data

Figure13.5 Conflict between TCNT Writeand I ncrement

Rev.2.00 Jun. 28, 2007 Page 545 of 784
RENESAS REJ09B248-0200




Section 13 Watchdog Timer (WDT)

13.6.3 Changing Valuesof Bits CKS2 to CK S0

If bits CKS2 to CKSO0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. The watchdog timer must be stopped (by clearing the TME bit to 0) before the
values of bits CKS2 to CKS0 are changed.

13.6.4  Switching between Watchdog Timer Mode and Interval Timer Mode

If the timer mode is switched from watchdog timer mode to interval timer mode while the WDT is
operating, errors could occur in the incrementation. The watchdog timer must be stopped (by
clearing the TME bit to 0) before switching the timer mode.

13.6.,5 Internal Reset in Watchdog Timer Mode

This LSI is not reset internally if TCNT overflows while the RSTE bit is cleared to 0 during
watchdog timer mode operation, but TCNT and TCSR of the WDT are reset.

TCNT, TCSR, and RSTCR cannot be written to while the WDTOVF signal is low. Also note that
a read of the WOVF flag is not recognized during this period. To clear the WOVF flag, therefore,
read TCSR after the WDTOVF signal goes high, and then write O to the WOVF flag.

13.6.6  System Reset by WDTOVF Signal

If the WDTOVF signal is input to the RES pin, this LSI will not be initialized correctly. Make
sure that the WDTOVF signal is not input logically to the RES pin. To reset the entire system by
means of the WDTOVF signal, use a circuit like that shown in figure 13.6.

This LS|

O

RES

Reset input

Reset signal to entire system 4—@7—c WDTOVE

Figure13.6 Circuit for System Reset by WDTOVF Signal (Example)
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13.6.7 Transition to Watchdog Timer Mode or Softwar e Standby M ode

When the WDT operates in watchdog timer mode, a transition to software standby mode is not
made even when the SLEEP instruction is executed when the SSBY bitin SBYCR is set to 1.
Instead, a transition to sleep mode is made.

To transit to software standby mode, the SLEEP instruction must be executed after halting the
WDT (clearing the TME bit to 0).

When the WDT operates in interval timer mode, a transition to software standby mode is made
through execution of the SLEEP instruction when the SSBY bit in SBYCR is set to 1.
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Section 14 Serial Communication Interface (SCI)

This LSI has five independent serial communication interface (SCI) channels. The SCI can handle
both asynchronous and clocked synchronous serial communication. Asynchronous serial data
communication can be carried out with standard asynchronous communication chips such as a
Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous Communication
Interface Adapter (ACIA). A function is also provided for serial communication between
processors (multiprocessor communication function). The SCI also supports the smart card (IC
card) interface supporting ISO/IEC 7816-3 (Identification Card) as an extended asynchronous
communication mode. Figure 14.1 shows a block diagram of the SCI.

141 Features

e Choice of asynchronous or clocked synchronous serial communication mode
o Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously. Double-buffering is used in both the transmitter and the receiver,
enabling continuous transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected

The external clock can be selected as a transfer clock source (except for the smart card
interface).

e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
e Four interrupt sources

The interrupt sources are transmit-end, transmit-data-empty, receive-data-full, and receive
error. The transmit-data-empty and receive-data-full interrupt sources can activate the DTC or
DMAC.

e Module stop mode can be set
Asynchronous M ode:

e Data length: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error
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e Average transfer rate generator (SCI_2 only)
10.667-MHz operation: 460.606 kbps or 115.152 kbps can be selected
16-MHz operation: 720 kbps, 460.784 kbps, or 115.196 kbps can be selected
32-MHz operation: 720 kbps

Clocked Synchronous M ode:

e Data length: 8 bits

e Receive error detection: Overrun errors
Smart Card Interface:

e An error signal can be automatically transmitted on detection of a parity error during reception
e Data can be automatically re-transmitted on receiving an error signal during transmission

e Both direct convention and inverse convention are supported

(2]
S 2
S hus
Module data bus K > 3
) ]
> =
o0 @
| i :
[ ror | | TDOR | SCMR [ 8RR —
[ SSR
‘ k) ‘ SCR Baud rate i
RxD || RSR | || TSR SMR generator Po/a
<— Po/16
Transmission/
XD reception control Po/64
xD -
Parity generation | # t Clock | 4 4 Average transfer rate
Parity check generator (SCI_2)
Lid At 10.667-MHz operation:

External clock
SCK - 115.152 kbps

460.606 kbps

; %E(: At 16-MHz operation:
> RXI 115.196 kbps
»~ERI 460.784 kbps

[Legend] 720 kbps

RSR:  Receive shift register SCR:  Serial control register At 32-MHz operation:

RDR:  Receive data register SSR:  Serial status register 720 kbps

TSR:  Transmit shift register SCMR: Smart card mode register

TDR:  Transmit data register BRR: Bit rate register

SMR:  Serial mode register SEMR: Serial extended mode register (available only for SCI_2)

Figure14.1 Block Diagram of SCI

Rev.2.00 Jun. 28, 2007 Page 550 of 784
REJ09B248-0200 RENESAS



Section 14 Serial Communication Interface (SCI)

14.2  Input/Output Pins

Table 14.1 lists the pin configuration of the SCI.

Table14.1 Pin Configuration

Channel  Pin Name*  1/O Function

0 SCKO I/0 Channel 0 clock input/output
RxDO Input Channel 0 receive data input
TxDO Output Channel 0 transmit data output

1 SCK1 I/0 Channel 1 clock input/output
RxD1 Input Channel 1 receive data input
TxD1 Output Channel 1 transmit data output

2 SCK2 1/0 Channel 2 clock input/output
RxD2 Input Channel 2 receive data input
TxD2 Output Channel 2 transmit data output

3 SCK3 I/0 Channel 3 clock input/output
RxD3 Input Channel 3 receive data input
TxD3 Output Channel 3 transmit data output

4 SCK4 1/0 Channel 4 clock input/output
RxD4 Input Channel 4 receive data input
TxD4 Output Channel 4 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.
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14.3 Register Descriptions

The SCI has the following registers. Some bits in the serial mode register (SMR), serial status
register (SSR), and serial control register (SCR) have different functions in different
modes—normal serial communication interface mode and smart card interface mode; therefore,
the bits are described separately for each mode in the corresponding register sections.

Channedl 0:

e Receive shift register_0 (RSR_0)

e Transmit shift register_0 (TSR_0)

e Receive data register_0 (RDR_0)

e Transmit data register_0 (TDR_0)

e Serial mode register_0 (SMR_0)

e Serial control register_0 (SCR_0)

o Serial status register_0 (SSR_0)

e Smart card mode register_0 (SCMR_0)
e Bit rate register_0 (BRR_0)

Channdl 1:

e Receive shift register_1 (RSR_1)

e Transmit shift register_1 (TSR_1)

e Receive data register_1 (RDR_1)

e Transmit data register_1 (TDR_I)

e Serial mode register_1 (SMR_1)

e Serial control register_1 (SCR_1)

o Serial status register_1 (SSR_1)

e Smart card mode register_1 (SCMR_1)
e Bitrate register_1 (BRR_1)
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Channdl 2:

e Receive shift register_2 (RSR_2)

e Transmit shift register_2 (TSR_2)

e Receive data register_2 (RDR_2)

e Transmit data register_2 (TDR_2)

e Serial mode register_2 (SMR_2)

e Serial control register_2 (SCR_2)

e Serial status register_2 (SSR_2)

e Smart card mode register_2 (SCMR_2)

e Bitrate register_2 (BRR_2)

e Serial extended mode register_2 (SEMR_2) (SCI_2 only)

Channdl 3:

e Receive shift register_3 (RSR_3)

e Transmit shift register_3 (TSR_3)

e Receive data register_3 (RDR_3)

e Transmit data register_3 (TDR_3)

e Serial mode register_3 (SMR_3)

e Serial control register_3 (SCR_3)

o Serial status register_3 (SSR_3)

e Smart card mode register_3 (SCMR_3)
e Bitrate register_3 (BRR_3)

Channel 4:

e Receive shift register_4 (RSR_4)

e Transmit shift register_4 (TSR_4)

e Receive data register_4 (RDR_4)

e Transmit data register_4 (TDR_4)

e Serial mode register_4 (SMR_4)

o Serial control register_4 (SCR_4)

e Serial status register_4 (SSR_4)

e Smart card mode register_4 (SCMR_4)
e Bitrate register_4 (BRR_4)

RENESAS
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1431 Receive Shift Register (RSR)

RSR is a shift register which is used to receive serial data input from the RxD pin and converts it
into parallel data. When one frame of data has been received, it is transferred to RDR
automatically. RSR cannot be directly accessed by the CPU.

14.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores receive data. When the SCI has received one frame of serial
data, it transfers the received serial data from RSR to RDR where it is stored. This allows RSR to
receive the next data. Since RSR and RDR function as a double buffer in this way, continuous
receive operations can be performed. After confirming that the RDRF bit in SSR is set to 1, read
RDR only once. RDR cannot be written to by the CPU.

Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R

14.3.3 Transmit Data Register (TDR)

TDR is an 8-bit register that stores transmit data. When the SCI detects that TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structures of TDR and TSR enables continuous serial transmission. If the next transmit data has
already been written to TDR when one frame of data is transmitted, the SCI transfers the written
data to TSR to continue transmission. Although TDR can be read from or written to by the CPU at
all times, to achieve reliable serial transmission, write transmit data to TDR for only once after
confirming that the TDRE bit in SSR is set to 1.

Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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14.34  Transmit Shift Register (TSR)

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI first
automatically transfers transmit data from TDR to TSR, and then sends the data to the TxD pin.
TSR cannot be directly accessed by the CPU.

1435 Serial Mode Register (SMR)

SMR is used to set the SCI's serial transfer format and select the baud rate generator clock source.
Some bits in SMR have different functions in normal mode and smart card interface mode.

e When SMIF in SCMR =0

Bit 7 6 5 4 3 2 1 0
Bit Name C/A CHR PE O/E STOP MP CKS1 CKS0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

e When SMIF in SCMR =1

Bit 7 6 5 4 3 2 1 0
Bit Name GM BLK PE O/E BCP1 BCPO CKS1 CKS0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Functionsin Normal Serial Communication Interface Mode (When SMIF in SCMR = 0):

Initial
Bit Bit Name  Value R/W Description
7 C/A 0 R/W  Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode
6 CHR 0 R/W Character Length (valid only in asynchronous mode)

0: Selects 8 bits as the data length.

1: Selects 7 bits as the data length. LSB-first is fixed
and the MSB (bit 7) in TDR is not transmitted in
transmission.

In clocked synchronous mode, a fixed data length of 8
bits is used.
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Bit Bit Name

Initial
Value

R/W

Description

5 PE

0

R/W

Parity Enable (valid only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception. For a multiprocessor format,
parity bit addition and checking are not performed
regardless of the PE bit setting.

4 O/E

R/W

Parity Mode (valid only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

3 STOP

R/W

Stop Bit Length (valid only in asynchronous mode)
Selects the stop bit length in transmission.

0: 1 stop bit

1: 2 stop bits

In reception, only the first stop bit is checked. If the
second stop bit is 0, it is treated as the start bit of the
next transmit frame.

R/W

Multiprocessor Mode (valid only in asynchronous mode)

When this bit is set to 1, the_multiprocessor function is
enabled. The PE bit and O/E bit settings are invalid in
multiprocessor mode.

CKS1
0 CKS0

R/W
R/W

Clock Select 1, 0

These bits select the clock source for the baud rate
generator.

00: P¢ clock (n = 0)
01: P¢/4 clock (n=1)
10: P¢/16 clock (n = 2)
11: P¢/64 clock (n = 3)

For the relation between the settings of these bits and
the baud rate, see section 14.3.9, Bit Rate Register
(BRR). n is the decimal display of the value of n in BRR
(see section 14.3.9, Bit Rate Register (BRR)).
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Bit Functionsin Smart Card Interface Mode (When SMIF in SCMR = 1):

Bit Bit Name

Initial
Value

R/W

Description

7 GM

0

R/W

GSM Mode

Setting this bit to 1 allows GSM mode operation. In
GSM mode, the TEND set timing is put forward to 11.0
etu from the start and the clock output control function
is appended. For details, see sections 14.7.6, Data
Transmission (Except in Block Transfer Mode) and
14.7.8, Clock Output Control.

6 BLK

R/W

Setting this bit to 1 allows block transfer mode
operation. For details, see section 14.7.3, Block
Transfer Mode.

R/W

Parity Enable (valid only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception. Set this bit to 1 in smart card
interface mode.

4 O/E

R/W

Parity Mode (valid only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity
1: Selects odd parity

For details on the usage of this bit in smart card
interface mode, see section 14.7.2, Data Format
(Except in Block Transfer Mode).

BCP1
2 BCPO

R/W
R/W

Basic Clock Pulse 1,0

These bits select the number of basic clock cycles in a
1-bit data transfer time in smart card interface mode.

00: 32 clock cycles (S = 32)
01: 64 clock cycles (S = 64)
10: 372 clock cycles (S = 372)
11: 256 clock cycles (S = 256)

For details, see section 14.7.4, Receive Data Sampling
Timing and Reception Margin. S is described in section
14.3.9, Bit Rate Register (BRR).
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Initial
Bit Bit Name  Value R/W Description
1 CKSH1 0 R/W Clock Select 1,0
0 CKSO0 0 R/W These bits select the clock source for the baud rate

generator.

00: P¢ clock (n = 0)
01: P¢/4 clock (n=1)
10: P¢/16 clock (n = 2)
11: P¢/64 clock (n = 3)

For the relation between the settings of these bits and
the baud rate, see section 14.3.9, Bit Rate Register
(BRR). n is the decimal display of the value of n in BRR
(see section 14.3.9, Bit Rate Register (BRR)).

Note: etu (Elementary Time Unit): 1-bit transfer time

14.3.6  Serial Control Register (SCR)

SCR is a register that enables/disables the following SCI transfer operations and interrupt requests,
and selects the transfer clock source. For details on interrupt requests, see section 14.8, Interrupt
Sources. Some bits in SCR have different functions in normal mode and smart card interface

mode.

e When SMIF in SCMR =0

Bit 7 6 5 4 3 2 1 0
Bit Name TIE RIE TE RE MPIE TEIE CKE1 CKEO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
e When SMIF in SCMR =1

Bit 7 6 5 4 3 2 1 0
Bit Name TIE RIE TE RE MPIE TEIE CKE1 CKEO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Bit Functionsin Normal Serial Communication Interface Mode (When SMIF in SCMR = 0):

Bit

Bit Name

Initial
Value

R/W

Description

TIE

0

R/W

Transmit Interrupt Enable

When this bit is set to 1, a TXI interrupt request is
enabled.

A TXI interrupt request can be cancelled by reading 1
from the TDRE flag and then clearing the flag to 0, or by
clearing the TIE bit to 0.

RIE

R/W

Receive Interrupt Enable

When this bit is set to 1, RXIl and ERI interrupt requests
are enabled.

RXI and ERI interrupt requests can be cancelled by
reading 1 from the RDRF, FER, PER, or ORER flag and
then clearing the flag to O, or by clearing the RIE bit to
0.

TE

R/W

Transmit Enable

When this bit is set to 1, transmission is enabled. Under
this condition, serial transmission is started by writing
transmit data to TDR, and clearing the TDRE flag in
SSR to 0. Note that SMR should be set prior to setting
the TE bit to 1 in order to designate the transmission
format.

If transmission is halted by clearing this bit to 0, the
TDRE flag in SSR is fixed 1.

RE

R/W

Receive Enable

When this bit is set to 1, reception is enabled. Under
this condition, serial reception is started by detecting
the start bit in asynchronous mode or the synchronous
clock input in clocked synchronous mode. Note that
SMR should be set prior to setting the RE bit to 1 in
order to designate the reception format.

Even if reception is halted by clearing this bit to 0, the
RDRF, FER, PER, and ORER flags are not affected
and the previous value is retained.
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Initial
Bit Bit Name Value R/W

Description

3 MPIE 0 R/W

Multiprocessor Interrupt Enable (valid only when the MP
bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and ORER status flags in SSR is disabled.
On receiving data in which the multiprocessor bit is 1,
this bit is automatically cleared and normal reception is
resumed. For details, see section 14.5, Multiprocessor
Communication Function.

When receive data including MPB = 0 in SSR is being
received, transfer of the received data from RSR to
RDR, detection of reception errors, and the settings of
RDRF, FER, and ORER flags in SSR are not
performed. When receive data including MPB =1 is
received, the MPB bit in SSR is set to 1, the MPIE bit is
automatically cleared to 0, and RXI and ERI interrupt
requests (in the case where the TIE and RIE bits in
SCR are set to 1) and setting of the FER and ORER
flags are enabled.

2 TEIE 0 R/W

Transmit End Interrupt Enable

When this bit is set to 1, a TEI interrupt request is
enabled. A TEl interrupt request can be cancelled by
reading 1 from the TDRE flag and then clearing the flag
to 0 in order to clear the TEND flag to 0, or by clearing
the TEIE bit to 0.
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Initial
Bit Bit Name  Value R/W Description
1 CKE1 0 R/W Clock Enable 1, 0
0 CKEO 0 R/W These bits select the clock source and SCK pin

function.

e Asynchronous mode

00: On-chip baud rate generator
(SCK pin functions as 1/O port.)

01: On-chip baud rate generator

(Outputs a clock with the same frequency as the bit
rate from the SCK pin.)

1X: External clock

(Inputs a clock with a frequency 16 times the bit rate
from the SCK pin.)

¢ Clocked synchronous mode
0X: Internal clock

(SCK pin functions as clock output.)
1X: External clock

(SCK pin functions as clock input.)

Note: X: Don't care

Bit Functionsin Smart Card Interface Mode (When SMIF in SCMR =1):

Initial
Bit Bit Name  Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1,a TXI interrupt request is
enabled.

A TXI interrupt request can be cancelled by reading 1
from the TDRE flag and then clearing the flag to 0, or by
clearing the TIE bit to 0.
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Bit Bit Name

Initial
Value R/W

Description

6 RIE

0 R/W

Receive Interrupt Enable

When this bit is set to 1, RXIl and ERI interrupt requests
are enabled.

RXI and ERI interrupt requests can be cancelled by
reading 1 from the RDRF, FER, PER, or ORER flag and
then clearing the flag to 0, or by clearing the RIE bit to
0.

Transmit Enable

When this bit is set to 1, transmission is enabled. Under
this condition, serial transmission is started by writing
transmit data to TDR, and clearing the TDRE flag in
SSR to 0. Note that SMR should be set prior to setting
the TE bit to 1 in order to designate the transmission
format.

If transmission is halted by clearing this bit to 0, the
TDRE flag in SSR is fixed 1.

Receive Enable

When this bit is set to 1, reception is enabled. Under
this condition, serial reception is started by detecting
the start bit in asynchronous mode or the synchronous
clock input in clocked synchronous mode. Note that
SMR should be set prior to setting the RE bit to 1 in
order to designate the reception format.

Even if reception is halted by clearing this bit to 0, the
RDRF, FER, PER, and ORER flags are not affected
and the previous value is retained.

3 MPIE

0 R/W

Multiprocessor Interrupt Enable (valid only when the MP
bit in SMR is 1 in asynchronous mode)

Write 0 to this bit in smart card interface mode.

2 TEIE

Transmit End Interrupt Enable
Write 0 to this bit in smart card interface mode.
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Initial

Bit Bit Name Value R/W

Description

R/W
R/W

0
0

1
0

CKEH1
CKEO

Clock Enable 1, 0

These bits control the clock output from the SCK pin. In
GSM mode, clock output can be dynamically switched.
For details, see section 14.7.8, Clock Output Control.

When GM in SMR =0
00: Output disabled (SCK pin functions as I/O port.)
01: Clock output

1X: Reserved

When GM in SMR = 1
00: Output fixed low

01: Clock output

10: Output fixed high

11: Clock output

14.3.7 Serial StatusRegister (SSR)

SSR is a register containing status flags of the SCI and multiprocessor bits for transfer. TDRE,
RDRF, ORER, PER, and FER can only be cleared. Some bits in SSR have different functions in
normal mode and smart card interface mode.

When SMIF in SCMR =0

Bit 7 6 5 4 3 2 1 0
Bit Name TDRE RDRF ORER FRE PER TEND MPB MPBT
Initial Value 1 0 0 0 0 1 0 0
R/W R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W
Note: * Only 0 can be written, to clear the flag.
o When SMIF in SCMR =1
Bit 7 6 5 4 3 2 1 0
Bit Name TDRE RDRF ORER ERS PER TEND MPB MPBT
Initial Value 1 0 0 0 0 1 0 0
R/W R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: * Only 0 can be written, to clear the flag.
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Bit Functionsin Normal Serial Communication Interface Mode (When SMIF in SCMR = 0):

Bit Bit Name

Initial
Value

R/W

Description

7 TDRE

1

R/(W)*

Transmit Data Register Empty

Indicates whether TDR contains transmit data.
[Setting conditions]

e When the TE bitin SCRis 0

¢ When data is transferred from TDR to TSR
[Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)

e When a TXI interrupt request is issued allowing
DMAC or DTC to write data to TDR

6 RDRF

0

R/(W)*

Receive Data Register Full

Indicates whether receive data is stored in RDR.

[Setting condition]

¢ When serial reception ends normally and receive
data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing O to it.)

e When an RXI interrupt request is issued allowing
DMAC or DTC to read data from RDR

The RDREF flag is not affected and retains its previous

value when the RE bit in SCR is cleared to 0.

Note that when the next serial reception is completed
while the RDREF flag is being set to 1, an overrun error
occurs and the received data is lost.
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Initial
Bit Bit Name  Value R/W Description
5 ORER 0 R/(W)* QOverrun Error
Indicates that an overrun error has occurred during
reception and the reception ends abnormally.
[Setting condition]
e When the next serial reception is completed while
RDRF = 1
In RDR, receive data prior to an overrun error
occurrence is retained, but data received after the
overrun error occurrence is lost. When the ORER
flag is set to 1, subsequent serial reception cannot
be performed. Note that, in clocked synchronous
mode, serial transmission also cannot continue.
[Clearing condition]
e When 0 is written to ORER after reading ORER = 1
Even when the RE bit in SCR is cleared, the ORER
flag is not affected and retains its previous value.
(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing 0 to it.)
4 FER 0 R/(W)* Framing Error

Indicates that a framing error has occurred during
reception in asynchronous mode and the reception
ends abnormally.

[Setting condition]
e When the stop bit is 0

In 2-stop-bit mode, only the first stop bit is checked
whether it is 1 but the second stop bit is not
checked. Note that receive data when the framing
error occurs is transferred to RDR, however, the
RDRF flag is not set. In addition, when the FER flag
is being set to 1, the subsequent serial reception
cannot be performed. In clocked synchronous
mode, serial transmission also cannot continue.

[Clearing condition]
e When 0 is written to FER after reading FER = 1

Even when the RE bit in SCR is cleared, the FER
flag is not affected and retains its previous value.
(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing O to it.)
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Initial
Bit Bit Name  Value R/W Description
3 PER 0 R/(W)* Parity Error

Indicates that a parity error has occurred during
reception in asynchronous mode and the reception
ends abnormally.

[Setting condition]
o When a parity error is detected during reception

Receive data when the parity error occurs is
transferred to RDR, however, the RDRF flag is not
set. Note that when the PER flag is being setto 1,
the subsequent serial reception cannot be
performed. In clocked synchronous mode, serial
transmission also cannot continue.

[Clearing condition]
e When 0 is written to PER after reading PER =1

Even when the RE bit in SCR is cleared, the PER
bit is not affected and retains its previous value.
(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing O to it.)

2 TEND 1 R Transmit End
[Setting conditions]
e When the TE bitin SCRis 0
e When TDRE = 1 at transmission of the last bit of a
transmit character
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1

e When a TXI interrupt request is issued allowing
DMAC or DTC to write data to TDR

1 MPB 0 R Multiprocessor Bit

Stores the multiprocessor bit value in the receive frame.
When the RE bit in SCR is cleared to 0 its previous
state is retained.

0 MPBT 0 R/W Multiprocessor Bit Transfer

Sets the multiprocessor bit value to be added to the
transmit frame.

Note: * Only 0 can be written, to clear the flag.
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Bit Functionsin Smart Card Interface Mode (When SMIF in SCMR = 1):

Initial
Bit Bit Name  Value R/W Description
7 TDRE 1 R/(W)* Transmit Data Register Empty
Indicates whether TDR contains transmit data.
[Setting conditions]
e When the TE bitin SCRis 0
¢ When data is transferred from TDR to TSR
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing O to it.)
e When a TXI interrupt request is issued allowing
DMAC or DTC to write data to TDR
6 RDRF 0 R/(W)* Receive Data Register Full

Indicates whether receive data is stored in RDR.

[Setting condition]

e When serial reception ends normally and receive
data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF = 1

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing O to it.)

e When an RXI interrupt request is issued allowing
DMAC or DTC to read data from RDR

The RDREF flag is not affected and retains its previous
value even when the RE bit in SCR is cleared to 0.

Note that when the next reception is completed while
the RDRF flag is being set to 1, an overrun error occurs
and the received data is lost.
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Initial
Bit Bit Name Value R/W

Description

5 ORER 0 R/(W)*

Overrun Error

Indicates that an overrun error has occurred during
reception and the reception ends abnormally.

[Setting condition]

o When the next serial reception is completed while
RDRF =1

In RDR, the receive data prior to an overrun error
occurrence is retained, but data received following
the overrun error occurrence is lost. When the
ORER flag is set to 1, subsequent serial reception
cannot be performed. Note that, in clocked
synchronous mode, serial transmission also cannot
continue.

[Clearing condition]
e When 0 is written to ORER after reading ORER = 1

Even when the RE bit in SCR is cleared, the ORER
flag is not affected and retains its previous value.

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing 0 to it.)

4 ERS 0 R/(W)*

Error Signal Status

[Setting condition]

e When a low error signal is sampled

[Clearing condition]

e When 0 is written to ERS after reading ERS = 1
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Bit

Bit Name

Initial
Value

R/W

Description

PER

0

R/(W)*

Parity Error

Indicates that a parity error has occurred during
reception in asynchronous mode and the reception
ends abnormally.

[Setting condition]

When a parity error is detected during reception

Receive data when the parity error occurs is
transferred to RDR, however, the RDRF flag is not
set. Note that when the PER flag is being setto 1,
the subsequent serial reception cannot be
performed. In clocked synchronous mode, serial
transmission also cannot continue.

[Clearing condition]

When 0 is written to PER after reading PER = 1
Even when the RE bit in SCR is cleared, the PER
flag is not affected and retains its previous value.

(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be
sure to read the flag after writing 0 to it.)

RENESAS
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Initial
Bit Bit Name  Value R/W Description
2 TEND 1 R Transmit End
This bit is set to 1 when no error signal is sent from the
receiving side and the next transmit data is ready to be
transferred to TDR.
[Setting conditions]
e When both the TE and ERS bits in SCR are 0
e When ERS =0 and TDRE = 1 after a specified time
passed after completion of 1-byte data transfer. The
set timing depends on the register setting as
follows:
When GM = 0 and BLK = 0, 2.5 etu after
transmission start
When GM = 0 and BLK = 1, 1.5 etu after
transmission start
When GM =1 and BLK = 0, 1.0 etu after
transmission start
When GM =1 and BLK = 1, 1.0 etu after
transmission start
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
e When a TXI interrupt request is issued allowing
DMAC or DTC to write the next data to TDR
1 MPB 0 R Multiprocessor Bit
Not used in smart card interface mode.
0 MPBT 0 R/W Multiprocessor Bit Transfer
Write 0 to this bit in smart card interface mode.
Note: Only 0 can be written, to clear the flag.
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14.3.8 Smart Card Mode Register (SCMR)

SCMR selects smart card interface mode and its format.

Bit 7 6 5 4 3 2 1 0
Bit Name — — — — SDIR SINV — SMIF
Initial Value 1 1 1 1 0 0 1 0
R/W R R R R R/W R/W R R/W

Initial
Bit Bit Name  Value R/W Description
7104 — All 1 R Reserved

These are read-only bits and cannot be modified.

3 SDIR 0 R/W Smart Card Data Transfer Direction

Selects the serial/parallel conversion format.
0: Transfer with LSB-first
1: Transfer with MSB-first

This bit is valid only when the 8-bit data format is used
for transmission/reception; when the 7-bit data format is
used, data is always transmitted/received with LSB-first.

2 SINV 0 R/W Smart Card Data Invert

Inverts the transmit/receive data logic level. This bit

does not affect the logic level of the parity bit. To invert

the parity bit, invert the O/E bit in SMR.

0: TDR contents are transmitted as they are. Receive
data is stored as it is in RDR.

1: TDR contents are inverted before being transmitted.
Receive data is stored in inverted form in RDR.

1 — 1 R Reserved
This is a read-only bit and cannot be modified.

0 SMIF 0 R/W Smart Card Interface Mode Select
When this bit is set to 1, smart card interface mode is
selected.

0: Normal asynchronous or clocked synchronous mode

1: Smart card interface mode
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14.3.9 Bit RateRegister (BRR)

BRR is an 8-bit register that adjusts the bit rate. As the SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 14.2 shows
the relationships between the N setting in BRR and bit rate B for normal asynchronous mode and
clocked synchronous mode, and smart card interface mode. The initial value of BRR is H'FF, and
it can be read from or written to by the CPU at all times.

Table14.2 Relationshipsbetween N Settingin BRR and Bit Rate B

Mode Bit Rate Error

Asynchronous mode No Pox10® ) = Po x 10° 1} 100
64x2"""'xB Bx64x22 % (N+1)

Clocked synchronous mode No _ Pox 108 .
8x2""""'xB

Smart card interface mode No _ Pox 10° ] Error ()= { Po x 10° ) x100
Sx2""'xB BxSx22 % (N +1)

[Legend]

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

P¢: Operating frequency (MHz)

n and S: Determined by the SMR settings shown in the following table.

SMR Setting SMR Setting

CKS1 CKSO0 n BCP1 BCPO S

0 0 0 0 0 32

0 1 1 0 1 64

1 0 2 1 0 372

1 1 3 1 1 256

Table 14.3 shows sample N settings in BRR in normal asynchronous mode. Table 14.4 shows the
maximum bit rate settable for each operating frequency. Tables 14.6 and 14.8 show sample N
settings in BRR in clocked synchronous mode and smart card interface mode, respectively. In
smart card interface mode, the number of basic clock cycles S in a 1-bit data transfer time can be
selected. For details, see section 14.7.4, Receive Data Sampling Timing and Reception Margin.
Tables 14.5 and 14.7 show the maximum bit rates with external clock input.
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Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode) (1)

Operating Frequency P¢ (MHz)

8 9.8304 10 12
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 141 0.08 2 174 -0.26 2 177 -025 2 212 0.08
150 2 103 0.16 2 127 000 2 129 0.16 2 155 0.16
300 1 207 0.16 1 255 000 2 64 0.16 2 77 0.16
600 1 103 0.16 1 127  0.00 1 129 0.16 1 155 0.16
1200 0 207 0.16 0 255  0.00 1 64 0.16 1 77 0.16
2400 0 103 0.16 0 127 000 O 129 0.16 0 155 0.16
4800 0 51 0.16 0 63 000 0 64 0.16 0 77 0.16
9600 0 25 0.16 0 31 000 0 32 -136 O 38 0.16
19200 0 12 0.16 0 15 000 O 15 1.73 0 19 -2.34
31250 0 7 0.00 0 9 -1.70 0 9 0.00 0 11 0.00
38400 — — — 0 7 000 o0 7 1.73 0 9 -2.34
Operating Frequency P¢ (MHz)
12.288 14 14.7456 16

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 217 0.08 2 248 017 3 64 0.70 3 70 0.03
150 2 159  0.00 2 181 0.16 2 191 0.00 2 207 0.16
300 2 79 0.00 2 90 016 2 95 0.00 2 103 0.16
600 1 159  0.00 1 181 0.16 1 191 0.00 1 207 0.16
1200 1 79 0.00 1 90 0.16 1 95 0.00 1 103 0.16
2400 0 159  0.00 0 181 016 O 191 0.00 0 207 0.16
4800 0 79 0.00 0 90 016 0 95 0.00 0 103 0.16
9600 0 39 0.00 0 45 -093 0 47 0.00 0 51 0.16
19200 0 19 0.00 0 22 -093 0 283 0.00 0 25 0.16
31250 0 11 2.40 0 13 000 O 14 -170 O 15 0.00
38400 0 9 0.00 — — — 0 11 0.00 0 12 0.16
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Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous Mode) (2)

Operating Frequency P¢ (MHz)

17.2032 18 19.6608 20
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 75 0.48 3 79 -0.12 3 86 0.31 3 88 -0.25
150 2 223 0.00 2 233 016 2 255 0.00 3 64 0.16
300 2 111 0.00 2 116 0.16 2 127  0.00 2 129 0.16
600 1 223 0.00 1 233 0.16 1 255 0.00 2 64 0.16
1200 1 111 0.00 1 116 0.16 1 127  0.00 1 129 0.16
2400 0 223 0.00 0 233 016 0 255 0.00 1 64 0.16
4800 0 111 0.00 0 116 016 O 127 0.00 0 129 0.16
9600 0 55 0.00 0 58 -069 0 63 0.00 0 64 0.16
19200 0 27 0.00 0 28 102 0 31 0.00 0 32 -1.36
31250 0 16 1.20 0 17 000 O 19 -170 O 19 0.00
38400 0 13 0.00 0 14 -234 0 15 0.00 0 15 1.73
Operating Frequency P¢ (MHz)
25 30 33 35
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 110 -0.02 3 132 013 3 145 0.33 3 154 0.23
150 3 80 -0.47 3 97 -0.35 3 106  0.39 3 113 -0.06
300 2 162 0.15 2 194 016 2 214 -0.07 2 227  0.00
600 2 80 -0.47 2 97 -035 2 106 0.39 2 113 0.00
1200 1 162 0.15 1 194 0.16 1 214  -0.07 1 227  0.00
2400 1 80 -0.47 1 97 -0.35 1 106 0.39 1 113 0.00
4800 0 162 0.15 0 194 016 0 214 -007 O 227  0.00
9600 0 80 -047 O 97 -035 0 106 0.39 0 113  0.00
19200 0 40 -0.76 O 48 -035 0 53 -054 O 56 0.00
31250 0 24 0.00 0 29 0 0 32 0 0 34 0.00
38400 0 19 1.73 0 23 173 0 26 -054 0 28 -1.78
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Table14.4 Maximum Bit Rate for Each Operating Frequency (Asynchronous M ode)

P (MHz) Maximum Bit Rate (bit/s) n N
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0

Table14.5 Maximum Bit Rate with External Clock Input (Asynchronous M ode)

Pé (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
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Table14.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

Operating Frequency P¢ (MHz)

Bit Rate 8 10 16 20
(bit/s) n N n N n N n N
110

250 3 124 — — 3 249

500 2 249 — — 3 124 — _
1k 2 124 — — 2 249 — —
2.5k 1 199 1 249 2 99 2 124
5k 1 99 1 124 1 199 1 249
10k 0 199 0 249 1 99 1 124
25k 0 79 0 99 0 159 0 199
50k 0 39 0 49 0 79 0 99
100k 0 19 0 24 0 39 0 49
250k 0 7 0 9 0 15 0 19
500k 0 3 0 4 0 7 0 9
1M 0 1 0 3 0 4
2.5M 0 0* 0 1
5M 0 0*
Rev.2.00 Jun. 28, 2007 Page 576 of 784
REJ09B248-0200 RENESAS



Section 14 Serial Communication Interface (SCI)

Operating Frequency P¢ (MHz)

Bit Rate 25 30 33 35
(bit/s) n N n N n N n N
110

250

500 3 233

1k 3 97 3 116 3 128 3 136
2.5k 2 155 2 187 2 205 2 218
5k 2 77 2 93 2 102 2 108
10k 1 155 1 187 1 205 1 218
25k 0 249 1 74 1 82 1 87
50k 0 124 0 149 0 164 0 174
100k 0 62 0 74 0 82 0 87
250k 0 24 0 29 0 32 0 34
500k — — 0 14 — — — —
M — — — — — — — —
2.5M — — 0 2 — — — —
5M — — — — — — — —
[Legend]

Space: Setting prohibited.

— Can be set, but there will be error.

*; Continuous transmission or reception is not possible.

Table14.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

External Input

Maximum Bit

External Input

Maximum Bit

P$ (MHz) Clock (MHz) Rate (bit/s) P¢ (MHz) Clock (MHz) Rate (bit/s)
8 1.3333 1333333.3 20 3.3333 3333333.3
10 1.6667 1666666.7 25 4.1667 4166666.7
12 2.0000 2000000.0 30 5.0000 5000000.0
14 2.3333 2333333.3 33 5.5000 5500000.0
16 2.6667 2666666.7 35 5.8336 5833625.0
18 3.0000 3000000.0

RENESAS
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Table14.8 BRR Settingsfor Various Bit Rates

(Smart Card Interface Mode, n =0, S= 372)

Operating Frequency P¢ (MHz)

Bit Rate 7.1424 10.00 10.7136 13.00
(bit/s) n N Error(%) n N Error(%) n N Error(%) n N Error (%)
9600 0 0 0.00 0o 1 30 0O 1 25 0 1 899
Operating Frequency P¢ (MHz)
Bit Rate 14.2848 16.00 18.00 20.00
(bit/s) n N Error(%) n N Error (%) n N Error(%) n N Error (%)
9600 o 1 0.00 0 1 12.01 0 2 1599 0 2 6.60
Operating Frequency P¢ (MHz)

Bit Rate 25.00 30.00 33.00 35.00
(bit/s) n N Error(%) n N Error(%) n N Error(%) n N Error (%)
9600 0 3 1249 0 3 5.01 0 4 759 0 4 199
Table14.9 Maximum Bit Rate for Each Operating Frequency

(Smart Card Interface Mode, S=372)

Maximum Bit Maximum Bit
P¢ (MHz) Rate (bit/s) n N P¢ (MHz) Rate (bit/s) n N
7.1424 9600 0 0 18.00 24194 0 0
10.00 13441 0 0 20.00 26882 0 0
10.7136 14400 0 0 25.00 33602 0 0
13.00 17473 0 0 30.00 40323 0 0
14.2848 19200 0 0 33.00 44355 0 0
16.00 21505 0 0 35.00 47043 0 0
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14.3.10 Serial Extended Mode Register (SEMR)

SEMR selects the clock source in asynchronous mode. The basic clock is automatically specified
when the average transfer rate operation is selected.

Bit 7 6 5 4 3 2 1 0
Bit Name — — — — ABCS ACS2 ACS1 ACSO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R R R RIW R/W R/W RIW
Initial
Bit Bit Name  Value R/W Description
7 — 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
61to 4 — All O R Reserved
These are read-only bits and cannot be modified.
3 ABCS 0 R/W Asynchronous Mode Basic Clock Select (valid only in

asynchronous mode)

Selects the basic clock for a 1-bit period.

0: The basic clock has a frequency 16 times the transfer
rate

1: The basic clock has a frequency 8 times the transfer
rate
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Initial
Bit Bit Name  Value R/W Description
2 ACS2 0 R/W Asynchronous Mode Clock Source Select (valid when
ACS1 0 R/W CKE1 =1 in asynchronous mode)
0 ACSO 0 R/W These bits select the clock source for the average

transfer rate function. When the average transfer rate
function is enabled, the basic clock is automatically
specified regardless of the ABCS bit value.

000: External clock input

001: 115.152 kbps of average transfer rate specific to
Py = 10.667 MHz is selected (operated using the
basic clock with a frequency 16 times the transfer
rate)

010: 460.606 kbps of average transfer rate specific to
Py = 10.667 MHz is selected (operated using the
basic clock with a frequency 8 times the transfer
rate)

011: 720 kbps of average transfer rate specific to P¢ =
32 MHz is selected (operated using the basic clock
with a frequency 16 times the transfer rate)

100: Setting prohibited

101: 115.196 kbps of average transfer rate specific to
P = 16 MHz is selected (operated using the basic
clock with a frequency 16 times the transfer rate)

110: 460.784 kbps of average transfer rate specific to
P$ = 16 MHz is selected (operated using the basic
clock with a frequency 16 times the transfer rate)

111: 720 kbps of average transfer rate specific to P¢ =
16 MHz is selected (operated using the basic clock
with a frequency 8 times the transfer rate)

The average transfer rate only supports operating
frequencies of 10.667 MHz, 16 MHz, and 32 MHz.
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144  Operation in Asynchronous Mode

Figure 14.2 shows the general format for asynchronous serial communication. One frame consists
of a start bit (low level), followed by transmit/receive data, a parity bit, and finally stop bits (high
level). In asynchronous serial communication, the communication line is usually held in the mark
state (high level). The SCI monitors the communication line, and when it goes to the space state
(low level), recognizes a start bit and starts serial communication. Inside the SCI, the transmitter
and receiver are independent units, enabling full-duplex communication. Both the transmitter and
the receiver also have a double-buffered structure, so that data can be read or written during
transmission or reception, enabling continuous data transmission and reception.

Idle state
(mark state)
1 LSB MSB 1
Seal 1 o [po|D1|D2|D3|DafD5|D6|D7 01| 1 1
ata
Start Parity| Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 bits 1bitor 1 or2 bits
none
One unit of transfer data (character or frame)
Figure14.2 Data Format in Asynchronous Communication

(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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14.4.1 DataTransfer Format

Table 14.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting. For details on the multiprocessor
bit, see section 14.5, Multiprocessor Communication Function.

Table 14.10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP | 1.2 3 4 5 6 7 8 9 10 11 12
0 0 0 0 | s | 8-bit data [srop
0 0 0 1 | s | 8-bit data |STOP|STOP
0 1 0 0 | s | 8-bit data [ P [sror
0 1 0 1 | s | 8-bit data [ P |STOP|STOP
1 0 0 0 | s | 7-bit data [srop
1 0 0 1 | s | 7-bit data |STOP|STOP
1 1 0 0 | s | 7-bit data [ P [sror
1 1 0 1 | s | 7-bit data [ P |STOP|STOP
0 — 1 0 | s | 8-bit data [mPB|sTop
0 — 1 1 | s | 8-bit data |MPB|STOPISTOP
1 — 1 0 | s | 7-bit data |MPB|STOP
1 — 1 1 | s | 7-bit data |MPB|STOP|STOP
[Legend]
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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14.4.2 Receive Data Sampling Timing and Reception Margin in Asynchronous M ode

In asynchronous mode, the SCI operates on a basic clock with a frequency of 16 times the bit rate.
In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Since receive data is sampled at the rising edge of the 8th pulse of the
basic clock, data is latched at the middle of each bit, as shown in figure 14.3. Thus the reception
margin in asynchronous mode is determined by formula (1) below.

M=|(0.5- 21—N) —(L-05)F— J%Lu +F)| x100 [%] .. Formula (1)
M: Reception margin

N: Ratio of bit rate to clock (N = 16)

D: Duty cycle of clock (D = 0.5 to 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock frequency deviation

Assuming values of F =0 and D = 0.5 in formula (1), the reception margin is determined by the
formula below.

- -1 o] — N
M= (05~ 5o ) x 100[%] = 46.875%

However, this is only the computed value, and a margin of 20% to 30% should be allowed in
system design.

16 clocks

D 8 clocks

0 7
Internal m
basic clock

Y

KL
o
~
~
o
o

Receive data —;'I; ! Start bit " | DO " |D1
(RXD) ] Ll L

Synchronization i []
sampling timing __:

Data sampling n N
timing n n

Figure14.3 Receive Data Sampling Timing in Asynchronous Mode
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14.43 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input to
the SCK pin can be selected as the SCI's transfer clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEO bits in SCR. When an external clock is input to the SCK pin, the
clock frequency should be 16 times the bit rate used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is in the middle of the transmit data, as shown in figure 14.4.

so LT LU LT LU L L L L L L L L L

TXD 0 |Do|D1|D2|D3|D4|D5|D6|D7 |01 ]| 1 1

1 frame

Figure14.4 Phase Relation between Output Clock and Transmit Data
(Asynchronous M ode)
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14.4.4  SCI Initialization (Asynchronous M ode)

Before transmitting and receiving data, first clear the TE and RE bits in SCR to 0, then initialize
the SCI as described in a sample flowchart in figure 14.5. When the operating mode, transfer
format, etc., is changed, the TE and RE bits must be cleared to 0 before making the change. When
the TE bit is cleared to 0, the TDRE flag is set to 1. Note that clearing the RE bit to 0 does not
initialize the RDRF, PER, FER, and ORER flags, or RDR. When the external clock is used in
asynchronous mode, the clock must be supplied even during initialization.

( Start initialization )

I [1] Set the bit in ICR for the corresponding
pin when receiving data or using an
external clock.

| Clear TE and RE bits in SCR to 0 |

|
. s 1 [2] Set the clock selection in SCR.

| Set corresponding bit in ICR to 1 | 1] Be sure to clear bits RIE, TIE, TEIE, and
| MPIE, and bits TE and RE, to 0.

Set CKE1 and CKEQ bits in SCR 2] When the clock output is selected in
(TE and RE bits are 0) asynchronous mode, the clock is output
immediately after SCR settings are
| made.

Set data transfer format in

[3] [3] Set the data transfer format in SMR and
SMR anld SCMR SCMR.
. [4] Write a value corresponding to the bit
Set value in BRR 4] rate to BRR. This step is not necessary
Wait if an external clock is used.

[5] Wait at least one bit interval, then set the
TE bit or RE bitin SCR to 1. Also set
the RIE, TIE, TEIE, and MPIE bits.
Setting the TE and RE bits enables the
TxD and RxD pins to be used.

1-bit interval elapsed

Set TE or RE bit in
SCRto 1, and set RIE, TIE, TEIE, [5]
and MPIE bits

<Initialization completion>

Figure14.5 Sample SCI Initialization Flowchart

Rev.2.00 Jun. 28, 2007 Page 585 of 784
RENESAS REJ09B248-0200




Section 14 Serial Communication Interface (SCI)

1445  Serial Data Transmission (Asynchronous M ode)

Figure 14.6 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1.

The SCI monitors the TDRE flag in SSR, and if it is cleared to O, recognizes that data has been
written to TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a TXI interrupt request is generated.
Because the TXI interrupt processing routine writes the next transmit data to TDR before
transmission of the current transmit data has finished, continuous transmission can be enabled.
Data is sent from the TxD pin in the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

The SCI checks the TDRE flag at the timing for sending the stop bit.

If the TDRE flag is 0, the next transmit data is transferred from TDR to TSR, the stop bit is
sent, and then serial transmission of the next frame is started.

If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the mark
state is entered in which 1 is output. If the TEIE bit in SCR is set to 1 at this time, a TEI
interrupt request is generated.

Figure 14.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit " bit bit  bit (« bit bit 1
) )
o | po| b1 o7 [o1| 1 | o | Do | D D7 [0/ | 1 ok otate)
(( (
! ) | )
. M
T R
TDRE . « | !
% A X T -
TEND ' (« "
' )T ) ﬂ}
TXl interrupt Data written to TDR and TXl interrupt
request generated  TDRE flag cleared to 0 in request generated TEl interrupt

TXI interrupt processing
routine

H ' request generated
| |
' '
' '
' 1 frame !

< >
<

Figure14.6 Example of Operation for Transmission in Asynchronous Mode
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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[1] SCl initialization:

| Initialization | (1 The TxD pin is automatically
I designated as the transmit data

( Start transmission ) output pin. After the TE bit is set to
| 1, a 1 is output for a frame, and

[

[  Read TDRE flag in SSR

| transmission is enabled.

[2] SCI state check and transmit data

write:
No Read SSR and check that the
TDRE flag is set to 1, then write

transmit data to TDR and clear the
Yes

TDRE flag to 0.
Write transmit data to TDR [3] Serial transmission continuation
and clear TDRE flag in SSR to 0 procedure:
To continue serial transmission,
No read 1 from the TDRE flag to

confirm that writing is possible,
then write data to TDR, and clear
the TDRE flag to 0. However, the
TDRE flag is checked and cleared
automatically when the DTC or
DMAC is initiated by a transmit
data empty interrupt (TXI) request
and writes data to TDR.

All data transmitted?

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Clear DR to 0 and
set DDR to 1

=
[<
| Clear TE bit in SCR to 0 |

<End>

Figure14.7 Sample Serial Transmission Flowchart
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14.4.6  Serial Data Reception (Asynchronous Mode)

Figure 14.8 shows an example of the operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1.

The SCI monitors the communication line, and if a start bit is detected, performs internal
synchronization, stores receive data in RSR, and checks the parity bit and stop bit.

If an overrun error (when reception of the next data is completed while the RDRF flag in SSR
is still set to 1) occurs, the ORER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at this
time, an ERI interrupt request is generated. Receive data is not transferred to RDR. The RDRF
flag remains to be set to 1.

If a parity error is detected, the PER bit in SSR is set to 1 and receive data is transferred to
RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt request is generated.

If a framing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 and receive
data is transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt
request is generated.

If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt request is
generated. Because the RXI interrupt processing routine reads the receive data transferred to

RDR before reception of the next receive data has finished, continuous reception can be
enabled.

Start Data Parity Stop Start Data Parity Stop
1  bit (« bit bit  bit (« bit bit 1
)} )}
Idle state
0 DO | D1 ; D7 | o/ 1 0 DO | D1 ; D7 | o/ 0 (mark state)
v ) h )}
' '
RDRF I (« ! (
' ” A A ”
' '
FER N (( : ((
T )} T )} ‘r
\ RXl interrupt | RDR data read and RDRF
' request ! flag cleared to 0 in RXI ERI interrupt request
! generated 1 interrupt processing routine generated by framing
' :: error
1 frame

Figure 14.8 Example of SCI Operation for Reception
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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Table 14.11 shows the states of the SSR status flags and receive data handling when a receive
error is detected. If a receive error is detected, the RDRF flag retains its state before receiving
data. Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the
ORER, FER, PER, and RDREF bits to O before resuming reception. Figure 14.9 shows a sample
flowchart for serial data reception.

Table14.11 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF*  ORER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR  Framing error

0 0 0 1 Transferred to RDR  Parity error

1 1 1 0 Lost Overrun error + framing error

1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note: * The RDRF flag retains the state it had before data reception.
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Serial Communication Interface (SCI)

| Initialization

( Start reception

Read ORER, PER, and
FER flags in SSR

[  Read RDRF flag in SSR

Read receive data in RDR, and
clear RDRF flag in SSR to 0

| Clear RE bit in SCR to 0

<End>

[

(2]

Error processing

(8]

(Continued on next page)

[ 14

[4]

(5]

SCl initialization:

The RxD pin is automatically
designated as the receive data input
pin.

[3] Receive error processing and break
detection:

If a receive error occurs, read the
ORER, PER, and FER flags in SSR to
identify the error. After performing the
appropriate error processing, ensure
that the ORER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RxD pin.

SCI state check and receive data read:
Read SSR and check that RDRF = 1,
then read the receive data in RDR and
clear the RDRF flag to 0. Transition of
the RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial reception continuation procedure:
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag and RDR,
and clear the RDRF flag to 0.

However, the RDRF flag is cleared
automatically when the DTC or DMAC
is initiated by an RXI interrupt and
reads data from RDR.

Figure14.9 Sample Serial Reception Flowchart (1)
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(3]
( Error processing )
Yes

| Overrun error processing

Y

| Framing error processing | | Clear RE bitin SCR to 0

| Parity error processing

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure14.9 Sample Serial Reception Flowchart (2)
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145 Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer to be performed among a
number of processors sharing communication lines by means of asynchronous serial
communication using the multiprocessor format, in which a multiprocessor bit is added to the
transfer data. When multiprocessor communication is carried out, each receiving station is
addressed by a unique ID code. The serial communication cycle consists of two component cycles:
an ID transmission cycle which specifies the receiving station, and a data transmission cycle for
the specified receiving station. The multiprocessor bit is used to differentiate between the ID
transmission cycle and the data transmission cycle. If the multiprocessor bit is 1, the cycle is an ID
transmission cycle, and if the multiprocessor bit is O, the cycle is a data transmission cycle. Figure
14.10 shows an example of inter-processor communication using the multiprocessor format. The
transmitting station first sends data which includes the ID code of the receiving station and a
multiprocessor bit set to 1. It then transmits transmit data added with a multiprocessor bit cleared
to 0. The receiving station skips data until data with a 1 multiprocessor bit is sent. When data with
a 1 multiprocessor bit is received, the receiving station compares that data with its own ID. The
station whose ID matches then receives the data sent next. Stations whose ID does not match
continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI uses the MPIE bit in SCR to implement this function. When the MPIE bit is set to 1,
transfer of receive data from RSR to RDR, error flag detection, and setting the SSR status flags,
RDRF, FER, and ORER in SSR to 1 are prohibited until data with a 1 multiprocessor bit is
received. On reception of a receive character with a 1 multiprocessor bit, the MPB bit in SSR is
set to 1 and the MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit
in SCR is set to 1 at this time, an RXT interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is invalid. All other bit settings
are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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Transmitting

station
\ Communication line
\/
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID =03) (ID = 04)
Serial
data [\ [ wo [\ [ wm \ [\ |
5 (MPB=1) : (MPB=0) !
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID
[Legend]

MPB: Multiprocessor bit

Figure14.10 Example of Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A)
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1451 Multiprocessor Serial Data Transmission

Figure 14.11 shows a sample flowchart for multiprocessor serial data transmission. For an ID
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI operations are the same
as those in asynchronous mode.

| Initialization | 1] [] SClinitialization:
T The TxD pin is automatically
( Start transmission ) designatled as the transmlit _data
output pin. After the TE bit is set

.~ to 1, a 1 is output for one frame,
| Read TDRE flag in SSR | [2] and transmission is enabled.

[2] SCI status check and transmit

No data write:
Read SSR and check that the
TDRE flag is set to 1, then write

Yes transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Write transmit data to TDR and Finally, clear the TDRE flag to 0.

set MPBT bit in SSR

[38] Serial transmission continuation
| procedure:

Clear TDRE flag to 0 To continue serial transmission,

be sure to read 1 from the TDRE

flag to confirm that writing is

No 3 possible, then write data to TDR,

3] and then clear the TDRE flag to 0.
However, the TDRE flag is
checked and cleared

< automatically when the DTC or

DMAC is initiated by a transmit

data empty interrupt (TXI)

request and writes data to TDR.

All data transmitted?

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set DDR for the
port to 1, clear DR to 0, and then

[41 clear the TE bit in SCR to 0.

Clear DR to 0 and set DDR to 1

Clear TE bitin SCRto 0

Figure14.11 Sample Multiprocessor Serial Transmission Flowchart
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145.2  Multiprocessor Serial Data Reception

Figure 14.13 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bit in
SCR is set to 1, data is skipped until data with a 1 multiprocessor bit is sent. On receiving data
with a 1 multiprocessor bit, the receive data is transferred to RDR. An RXI interrupt request is
generated at this time. All other SCI operations are the same as in asynchronous mode. Figure
14.12 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Data 1) Stop
1 bit MPB  bit bit MPB  bit 1
if i
0 | DO | D1 D7 1 1 0 | DO | D1 D7 | O 1 Idle state
ES (,ﬂ (mark state)

MPIE | I ¥
RDRF ( / | |\ I((
A

RDR X ID1
value
MPIE=0 RXl interrupt RDR data read If not this station’s ID,  RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated processing routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data 2) Stop
1 bit (« MPB  bit bit « MPB bit 1
)} )}
0 | DO | D1 D7 1 1 0 | DO | D1 D7 | O 1 Idle state
( ((
{§ {§ (mark state)
MPIE | («
/ N A
RDRF S 5 | | S 5 | |
RDR ID1 X ID2 X [pata2
value
MPIE =0 RXI interrupt RDR data read and  Matches this station’s ID, MPIE bit set to 1
request RDRF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXl interrupt ~ data is received in RXI
interrupt) processing routine interrupt processing routine
generated

(b) Data matches station’s ID

Figure14.12 Example of SCI Operation for Reception
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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[1] SCl initialization:

| Initialization | (] The RxD pin is automatically designated
as the receive data input pin.
( Start reception ) putp
> [2] D reception cycle:
Set the MPIE bit in SCR to 1.
[ setmpiEbitinSCRto1 | [2]

T [3] SCI state check, ID reception and
|Read ORER and FER flags in SSRl comparison:

Read SSR and check that the RDRF
FER v ORER =1

flag is set to 1, then read the receive
Read RDRF flag in SSR

data in RDR and compare it with this
station’s ID. If the data is not this
station’s 1D, set the MPIE bit to 1 again,
| 13] and clear the RDRF flag to 0. If the data

is this station’s ID, clear the RDRF flag
to 0.

[4] SCI state check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in
RDR.

Read receive data in RDR

[5] Receive error processing and break
detection:
If a receive error occurs, read the ORER
and FER flags in SSR to identify the

This station’s ID?

Zes error. After performing the appropriate

— error processing, ensure that the ORER
Read ORER and FER flags in SSR and FER flags are both cleared to 0.

Reception cannot be resumed if either
Yes of these flags is set to 1. In the case of a

FER v ORER =1 > framing error, a break can be detected

by reading the RxD pin value.
Read RDRF flag in SSR [4]

*

| Read receive data in RDR |

y [5]

(' Error processing )

(Continued on
next page)

All data received?

| Clear RE bit in SCR to 0

|
<End>

Figure 14.13 Sample Multiprocessor Serial Reception Flowchart (1)
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(8] ( Error processing )
= ¢
Yes

No

\
| Framing error processing | | Clear RE bitin SCR to 0

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure14.13 Sample Multiprocessor Serial Reception Flowchart (2)
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14.6  Operation in Clocked Synchronous Mode

Figure 14.14 shows the general format for clocked synchronous communication. In clocked
synchronous mode, data is transmitted or received in synchronization with clock pulses. One
character in transfer data consists of 8-bit data. In data transmission, the SCI outputs data from one
falling edge of the synchronization clock to the next. In data reception, the SCI receives data in
synchronization with the rising edge of the synchronization clock. After 8-bit data is output, the
transmission line holds the MSB output state. In clocked synchronous mode, no parity bit or
multiprocessor bit is added. Inside the SCI, the transmitter and receiver are independent units,
enabling full-duplex communication by use of a common clock. Both the transmitter and the
receiver also have a double-buffered structure, so that the next transmit data can be written during
transmission or the previous receive data can be read during reception, enabling continuous data
transfer.

One unit of transfer data (character or frame)

SynchronizationIllllllllllllllllll
clock

| LSB MSB !

Serial data A XBitOXBiHXBit2XBit3XBit4XBi15XBit6XBit7:X4
[ ' Co

Don't care Don't care

A
Y.

Note: * Holds a high level except during continuous transfer.

Figure14.14 Data Format in Clocked Synchronous Communication (L SB-First)

14.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of the CKEI
and CKEO bits in SCR. When the SCI is operated on an internal clock, the synchronization clock
is output from the SCK pin. Eight synchronization clock pulses are output in the transfer of one
character, and when no transfer is performed the clock is fixed high. Note that in the case of
reception only, the synchronization clock is output until an overrun error occurs or until the RE bit
is cleared to 0.
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14.6.2  SCI Initialization (Clocked Synchronous M ode)

Before transmitting and receiving data, first clear the TE and RE bits in SCR to 0, then initialize
the SCI as described in a sample flowchart in figure 14.15. When the operating mode, transfer
format, etc., is changed, the TE and RE bits must be cleared to 0 before making the change. When
the TE bit is cleared to 0, the TDRE flag is set to 1. However, clearing the RE bit to 0 does not
initialize the RDRF, PER, FER, and ORER flags, or RDR.

(C Start initialization )

l — [1] Set the bit in ICR for the corresponding
| Clear TE and RE bits in SCR to 0 | pin when receiving data or using an

| external clock.
| Set corresponding bit in ICR fo 1 | 1] [2] Set the clock selection in SCR. Be sure

| to clear bits RIE, TIE, TEIE, and MPIE,

Set CKE1 and CKEObits in SCR | and bits TE and RE, to 0.
(TE and RE bits are 0) [3] Set the data transfer format in SMR and
. SCMR.
Set dsﬁér::zfgrcf&rgat n 3] [4] Write a value corresponding to the bit
rate to BRR. This step is not necessary
l if an external clock is used.
Set value in BRR A
(4] [5] Wait at least one bit interval, then set
» Wait the TE bit or RE bitin SCR to 1.
Also set the RIE, TIE TEIE, and MPIE
No bits. Setting the TE and RE bits enables

1-bit interval elapsed? the TxD and RxD pins to be used.

Set TE or RE bitin SCR to 1, and 5]
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

Note: In simultaneous transmit and receive operations, the TE and RE bits should both
be cleared to 0 or set to 1 simultaneously.

Figure 14.15 Sample SCI Initialization Flowchart
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14.6.3 Serial Data Transmission (Clocked Synchronous M ode)

Figure 14.16 shows an example of the operation for transmission in clocked synchronous mode. In
transmission, the SCI operates as described below.

1.

The SCI monitors the TDRE flag in SSR, and if it is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a TXI interrupt request is generated.
Because the TXI interrupt processing routine writes the next transmit data to TDR before
transmission of the current transmit data has finished, continuous transmission can be enabled.
8-bit data is sent from the TxD pin synchronized with the output clock when clock output
mode has been specified and synchronized with the input clock when use of an external clock
has been specified.

4. The SCI checks the TDRE flag at the timing for sending the last bit.

If the TDRE flag is cleared to 0, the next transmit data is transferred from TDR to TSR, and
serial transmission of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TxD pin retains the
output state of the last bit. If the TEIE bit in SCR is set to 1 at this time, a TEI interrupt request
is generated. The SCK pin is fixed high.

Figure 14.17 shows a sample flowchart for serial data transmission. Even if the TDRE flag is
cleared to O, transmission will not start while a receive error flag (ORER, FER, or PER) is set to 1.
Make sure to clear the receive error flags to O before starting transmission. Note that clearing the
RE bit to 0 does not clear the receive error flags.
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Transfer direction

Synchronization l I | I | I | I l I | I | I“l I | I
clock

Serial data

X Bit6 X Bit 7

TDRE

(

)
TEND 4

y

)

(

Data written to TDR
and TDRE flag cleared
to 0 in TXI interrupt
processing routine

TXl interrupt
request generated

TXl interrupt
request generated

)E(BitOXBiHX E:‘
' )}

1 frame

) A

TEl interrupt request
generated

Figure14.16 Example of Operation for Transmission in Clocked Synchronous Mode

| Initialization [ o
( Start tranlsmission )
| Read TDREl flag in SSR | 2]
——
Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

No

All data transmitted

Yes

Clear TE bitin SCRto0 |

<End>

[1] SCl initialization:

The TxD pin is automatically
designated as the transmit data output
pin.

[2] SCI state check and transmit data

write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

[3] Serial transmission continuation

procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0. However, the TDRE
flag is checked and cleared
automatically when the DTC or DMAC
is initiated by a transmit data empty
interrupt (TXI) request and writes data
to TDR.

Figure14.17 Sample Serial Transmission Flowchart

RENESAS
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1464  Serial Data Reception (Clocked Synchronous M ode)

Figure 14.18 shows an example of SCI operation for reception in clocked synchronous mode. In
serial reception, the SCI operates as described below.

1. The SCI performs internal initialization in synchronization with a synchronization clock input
or output, starts receiving data, and stores the receive data in RSR.

2. If an overrun error (when reception of the next data is completed while the RDRF flag in SSR
is still set to 1) occurs, the ORER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at this
time, an ERI interrupt request is generated. Receive data is not transferred to RDR. The RDRF
flag remains to be set to 1.

3. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt request is
generated. Because the RXI interrupt processing routine reads the receive data transferred to
RDR before reception of the next receive data has finished, continuous reception can be
enabled.

Synenronization HEglpfgigEpEpEuEnE .
clock
Seral data xBit7XBito)(j D G

RDRF |

ORER /

I
A \ —_—

! processing routine

[} >
< >

RXI interrupt E RDR data read and E RXI interrupt ERI interrupt request
request ' RDRF flag cleared ! request generated generated by overrun
generated ' to 0in RXlinterrupt | error

1 frame

Figure 14.18 Example of Operation for Reception in Clocked Synchronous M ode
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Transfer cannot be resumed while a receive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDREF bits to 0 before resuming reception. Figure 14.19 shows a sample flowchart
for serial data reception.

| [1] SCl initialization:

| Initialization (1] The RxD pin is automatically
| designated as the receive data input
( Start reception ) pin.
=I [2] [3] Receive error processing:

If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to 0.
[3] Receive cannot be resumed if the
ORER flag is set to 1.

[4] SCI state check and receive data

| ReadORERflaginssR | [2]

(Continued below) read:
Read SSR and check that the RDRF
| Read RDRF flag in SSR | [4] flag is set to 1, then read the receive

data in RDR and clear the RDRF flag

No to 0. Transition of the RDRF flag from
0 to 1 can also be identified by an RXI
interrupt.

Yes [5] Serial reception continuation

Read receive data in DR and 'T':)ogggzr:i:e serial reception, before
clear RDRF flag in SSR to 0 the MSB (bit 7) of the current frame is
received, reading the RDRF flag,
reading RDR, and clearing the RDRF
5] flag to 0 should be finished. However,
the RDREF flag is cleared automatically
when the DTC or DMAC is initiated by
| Clear RE bit in SCR to 0 | a receive data full interrupt (RXI) and
| reads data from RDR.

|
Clear ORER flagin SSRto 0 |

<End>

<End>
[3] ( Error processing )
T
| Overrun error processing |

Figure14.19 Sample Serial Reception Flowchart
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14.6.5 Simultaneous Serial Data Transmission and Reception
(Clocked Synchronous M ode)

Figure 14.20 shows a sample flowchart for simultaneous serial transmit and receive operations.
After initializing the SCI, the following procedure should be used for simultaneous serial data
transmit and receive operations. To switch from transmit mode to simultaneous transmit and
receive mode, after checking that the SCI has finished transmission and the TDRE and TEND
flags are set to 1, clear the TE bit to 0. Then simultaneously set both the TE and RE bits to 1 with
a single instruction. To switch from receive mode to simultaneous transmit and receive mode,
after checking that the SCI has finished reception, clear the RE bit to 0. Then after checking that
the RDRF bit and receive error flags (ORER, FER, and PER) are cleared to 0, simultaneously set
both the TE and RE bits to 1 with a single instruction.
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— [1] SCl initialization:
| Initialization | 0l The TxD pin is designated as the transmit data

I output pin, and the RxD pin is designated as the
( Start transmission/reception ) receive data input pin, enabling simultaneous

transmit and receive operations.

- [2] SCI state check and transmit data write:
| Read TDRE flag in SSR | 2] Read SSR and check that the TDRE flag is set to 1,
then write transmit data to TDR and clear the TDRE

No flag to 0. Transition of the TDRE flag from 0 to 1
can also be identified by a TXI interrupt.
[3] Receive error processing:

Yes If a receive error occurs, read the ORER flag in

SSR, and after performing the appropriate error

Write transmit data to TDR and processing, clear the ORER flag to 0. Reception
clear TDRE flag in SSR to 0 cannot be resumed if the ORER flag is set to 1.

[4

SClI state check and receive data read:

Read SSR and check that the RDRF flag is set to 1,
then read the receive data in RDR and clear the
RDREF flag to 0. Transition of the RDRF flag from 0
to 1 can also be identified by an RXI interrupt.

[5

Serial transmission/reception continuation
procedure:

To continue serial transmission/ reception, before
the MSB (bit 7) of the current frame is received,
finish reading the RDRF flag, reading RDR, and
clearing the RDRF flag to 0. Also, before the MSB
(bit 7) of the current frame is transmitted, read 1
from the TDRE flag to confirm that writing is
possible. Then write data to TDR and clear the
TDRE flag to 0.

However, the TDRE flag is checked and cleared
automatically when the DTC or DMAC is initiated
by a transmit data empty interrupt (TXI) request and

Read receive data in RDR, and writes data to TDR. Similarly, the RDRF flag is
clear RDRF flag in SSR to 0

Note: When switching from transmit or receive operation
to simultaneous transmit and receive operations,
first clear the TE bit and RE bit to 0, then set both
these bits to 1 simultaneously.

Clear TE and RE bits in SCR to 0

<End>

Figure14.20 Sample Flowchart of Simultaneous Serial Transmission and Reception
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14.7  Operation in Smart Card Interface Mode

The SCI supports the IC card (smart card) interface, supporting the ISO/IEC 7816-3
(Identification Card) standard, as an extended serial communication interface function. Smart card
interface mode can be selected using the appropriate register.

14.7.1  Sample Connection

Figure 14.21 shows a sample connection between the smart card and this LSI. As in the figure,
since this LST communicates with the IC card using a single transmission line, interconnect the
TxD and RxD pins and pull up the data transmission line to V. using a resistor. Setting the RE
and TE bits to 1 with the IC card not connected enables closed transmission/reception allowing
self diagnosis. To supply the IC card with the clock pulses generated by the SCI, input the SCK
pin output to the CLK pin of the IC card. A reset signal can be supplied via the output port of this
LSI.

Vce
TxD %
% *— 110
RxD Data line
SCK Clock line CLK
Rx (port) Fosatl RST
This LS| eserine IC card
Main unit of the device
to be connected

Figure14.21 Pin Connection for Smart Card Interface
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14.7.2 Data Format (Except in Block Transfer M ode)
Figure 14.22 shows the data transfer formats in smart card interface mode.

e One frame contains 8-bit data and a parity bit in asynchronous mode.

e During transmission, at least 2 etu (elementary time unit: time required for transferring one bit)
is secured as a guard time after the end of the parity bit before the start of the next frame.

o If a parity error is detected during reception, a low error signal is output for 1 etu after 10.5 etu

has passed from the start bit.

e If an error signal is sampled during transmission, the same data is automatically re-transmitted

after at least 2 etu.

In normal transmission/reception

| Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

| Output from the transmitting station

| |

When a parity error is generated
Ds DO D1 D2 D3 D4 D5 D6 D7 Dp DE
| Output from the transmitting station | | |
[ LI |
Output from

[Legend] the receiving station
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure14.22 Data Formatsin Normal Smart Card Interface Mode

For communication with the IC cards of the direct convention and inverse convention types,

follow the procedure below.

@) Az Z A Z Z Z A A Z (2) state

Ds | DO D2 | D3 D6 ! D7 | Dp

' D1 D4 i D5

Figure 14.23 Direct Convention (SDIR = SINV = O/E = 0)
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For the direct convention type, logic levels 1 and O correspond to states Z and A, respectively, and
data is transferred with LSB-first as the start character, as shown in figure 14.23. Therefore, data
in the start character in the figure is H'3B. When using the direct convention type, write 0 to both
the SDIR and SINV bits in SCMR. Write 0 to the O/E bit in SMR in order to use even parity,
which is prescribed by the smart card standard.

@) A Z Z A A A A A A Z (2) state

Ds | D7 1D6 | D5 ! D4 :D3: D2 Di:DO|Dp

Figure 14.24 Inverse Convention (SDIR = SINV = O/E = 1)

For the inverse convention type, logic levels 1 and 0 correspond to states A and Z, respectively
and data is transferred with MSB-first as the start character, as shown in figure 14.24. Therefore,
data in the start character in the figure is H'3F. When using the inverse convention type, write 1 to
both the SDIR and SINV bits in SCMR. The parity bit is logic level O to produce even parity,
which is prescribed by the smart card standard, and corresponds to state Z. Since the SNIV bit of
this LSI only inverts data bits D7 to DO, write 1 to the O/E bit in SMR to invert the parity bit in
both transmission and reception.

14.7.3 Block Transfer Mode
Block transfer mode is different from normal smart card interface mode in the following respects.

e Even if a parity error is detected during reception, no error signal is output. Since the PER bit
in SSR is set by error detection, clear the PER bit before receiving the parity bit of the next
frame.

e During transmission, at least 1 etu is secured as a guard time after the end of the parity bit
before the start of the next frame.

o Since the same data is not re-transmitted during transmission, the TEND flag is set 11.5 etu
after transmission start.

e Although the ERS flag in block transfer mode displays the error signal status as in normal
smart card interface mode, the flag is always read as 0 because no error signal is transferred.
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14.74 Receive Data Sampling Timing and Reception Margin

Only the internal clock generated by the on-chip baud rate generator can be used as a transfer
clock in smart card interface mode. In this mode, the SCI can operate on a basic clock with a
frequency of 32, 64, 372, or 256 times the bit rate according to the BCP1 and BCPO bit settings
(the frequency is always 16 times the bit rate in normal asynchronous mode). At reception, the
falling edge of the start bit is sampled using the basic clock in order to perform internal
synchronization. Receive data is sampled on the 16th, 32nd, 186th and 128th rising edges of the
basic clock so that it can be latched at the middle of each bit as shown in figure 14.25. The
reception margin here is determined by the following formula.

M= | (05— 21—N)—(L—0.5)F— J%‘-(HF) | x 100%

M: Reception margin (%)

N: Ratio of bit rate to clock (N = 32, 64, 372, 256)
D: Duty cycle of clock (D = 0to 1.0)

L: Frame length (L = 10)

F: Absolute value of clock frequency deviation

Assuming values of F =0, D = 0.5, and N = 372 in the above formula, the reception margin is
determined by the formula below.

1

M= (05— ——
2 x 372

) x 100% = 49.866%

372 clock cycles |

186 clock
cycles

0 185| 37110 185 371 0

Receive data
(RxD)

Synchronization . | | a L

sampling timing : ( : : (" : :
;o 12 [

Data sampling

timing (’J_l (( (( H {
) 12 )] /

—

I B
=1
o
o
o
9

Figure14.25 Receive Data Sampling Timing in Smart Card Interface Mode
(When Clock Frequency is 372 Timesthe Bit Rate)
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14.7.5 Initialization

Before transmitting and receiving data, initialize the SCI using the following procedure.
Initialization is also necessary before switching from transmission to reception and vice versa.

1. Clear the TE and RE bits in SCR to 0.

2. Set the ICR bit of the corresponding pin to 1.

3. Clear the error flags ERS, PER, and ORER in SSR to 0.

4. Set the GM, BLK, O/E, BCP1, BCPO, CKS1, and CKSO bits in SMR appropriately. Also set
the PE bit to 1.

5. Set the SMIF, SDIR, and SINV bits in SCMR appropriately. When the DDR corresponding to
the TxD pin is cleared to 0, the TxD and RxD pins are changed from port pins to SCI pins,
placing the pins into high impedance state.

6. Set the value corresponding to the bit rate in BRR.

7. Set the CKE1 and CKEQ bits in SCR appropriately. Clear the TIE, RIE, TE, RE, MPIE, and
TEIE bits to 0 simultaneously.

When the CKEO bit is set to 1, the SCK pin is allowed to output clock pulses.

8. Set the TIE, RIE, TE, and RE bits in SCR appropriately after waiting for at least a 1-bit

interval. Setting the TE and RE bits to 1 simultaneously is prohibited except for self diagnosis.

To switch from reception to transmission, first verify that reception has completed, then initialize
the SCI. At the end of initialization, RE and TE should be set to 0 and 1, respectively. Reception
completion can be verified by reading the RDRF, PER, or ORER flag. To switch from
transmission to reception, first verify that transmission has completed, then initialize the SCI. At
the end of initialization, TE and RE should be set to 0 and 1, respectively. Transmission
completion can be verified by reading the TEND flag.
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14.7.6  Data Transmission (Except in Block Transfer M ode)

Data transmission in smart card interface mode (except in block transfer mode) is different from
that in normal serial communication interface mode in that an error signal is sampled and data can
be re-transmitted. Figure 14.26 shows the data re-transfer operation during transmission.

1. If an error signal from the receiving end is sampled after one frame of data has been
transmitted, the ERS bit in SSR is set to 1. Here, an ERI interrupt request is generated if the
RIE bit in SCR is set to 1. Clear the ERS bit to 0 before the next parity bit is sampled.

2. For the frame in which an error signal is received, the TEND bit in SSR is not set to 1. Data is
re-transferred from TDR to TSR allowing automatic data retransmission.

3. If no error signal is returned from the receiving end, the ERS bit in SSR is not set to 1.

4. In this case, one frame of data is determined to have been transmitted including re-transfer, and
the TEND bit in SSR is set to 1. Here, a TXI interrupt request is generated if the TIE bit in
SCR is set to 1. Writing transmit data to TDR starts transmission of the next data.

Figure 14.28 shows a sample flowchart for transmission. All the processing steps are
automatically performed using a TXI interrupt request to activate the DTC or DMAC. In
transmission, the TEND and TDRE flags in SSR are simultaneously set to 1, thus generating a
TXI interrupt request if the TIE bit in SCR has been set to 1. This activates the DTC or DMAC by
a TXI request thus allowing transfer of transmit data if the TXI interrupt request is specified as a
source of DTC or DMAC activation beforehand. The TDRE and TEND flags are automatically
cleared to O at data transfer by the DTC or DMAC. If an error occurs, the SCI automatically re-
transmits the same data. During re-transmission, TEND remains as 0, thus not activating the DTC
or DMAC. Therefore, the SCI and DTC or DMAC automatically transmit the specified number of
bytes, including re-transmission in the case of error occurrence. However, the ERS flag is not
automatically cleared; the ERS flag must be cleared by previously setting the RIE bit to 1 to
enable an ERI interrupt request to be generated at error occurrence.

When transmitting/receiving data using the DTC or DMAC, be sure to set and enable the DTC or
DMAC prior to making SCI settings. For DTC or DMAC settings, see section 7, DMA Controller
(DMAC) and section 8, Data Transfer Controller (DTC).
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(n+1)th
|<— nth transfer frame —>|<— Retransfer frame —>|<— transfer frame
-|Ds|D0|D1|D2|Ds|D4|D5|De|D7|Dp|-|D_E,—|Ds|Do|D1|D2|Da|D4|D5|D6|D7|Dp|—|Ds|D0|D1|D2|D3|D4|

TDRE J é I_l
fTransfer from TDR to TSR l ?Transfer from TDR to TSR *Transfer from TDR to TSR
TEND [ ]
} o Y
FER/ERS ]
A 4 s

Figure14.26 Data Re-Transfer Operation in SCI Transmission Mode

Note that the TEND flag is set in different timings depending on the GM bit setting in SMR.
Figure 14.27 shows the TEND flag set timing.

I/O data Ds |Do|D1|D2|D3|D4|D5|D6| D7 |Dp| iDE! !
. Guard timei
(TEND interrupt) 12.5etu E
GM =0 I
—_—
11.0 etu i
GM =1 :
[Legend]
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure14.27 TEND Flag Set Timing during Transmission
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C Start )
|

[ Initialization |
|

( Start transmission )

Error processing )

Write data to TDR and clear
TDRE flag in SSR to 0

Error processing )

| Clear TE bitin SCRto 0 |

( Er|1d )

Figure 14.28 Sample Transmission Flowchart
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14.7.7  Serial Data Reception (Except in Block Transfer M ode)

Data reception in smart card interface mode is similar to that in normal serial communication
interface mode. Figure 14.29 shows the data re-transfer operation during reception.

1. If a parity error is detected in receive data, the PER bit in SSR is set to 1. Here, an ERI
interrupt request is generated if the RIE bit in SCR is set to 1. Clear the PER bit to 0 before the
next parity bit is sampled.

2. For the frame in which a parity error is detected, the RDRF bit in SSR is not set to 1.

3. If no parity error is detected, the PER bit in SSR is not set to 1.

4. In this case, data is determined to have been received successfully, and the RDRF bit in SSR is
set to 1. Here, an RXT interrupt request is generated if the RIE bit in SCR is set to 1.

Figure 14.30 shows a sample flowchart for reception. All the processing steps are automatically
performed using an RXI interrupt request to activate the DTC or DMAC. In reception, setting the
RIE bit to 1 allows an RXI interrupt request to be generated when the RDRF flag is set to 1. This
activates the DTC or DMAC by an RXI request thus allowing transfer of receive data if the RXI
interrupt request is specified as a source of DTC or DMAC activation beforehand. The RDREF flag
is automatically cleared to O at data transfer by the DTC or DMAC. If an error occurs during
reception, i.e., either the ORER or PER flag is set to 1, a transmit/receive error interrupt (ERI)
request is generated and the error flag must be cleared. If an error occurs, the DTC or DMAC is
not activated and receive data is skipped, therefore, the number of bytes of receive data specified
in the DTC or DMAC is transferred. Even if a parity error occurs and the PER bit is set to 1 in
reception, receive data is transferred to RDR, thus allowing the data to be read.

Note: For operations in block transfer mode, see section 14.4, Operation in Asynchronous Mode.

n+1)th
|<— nth transfer frame —>|<— Retransfer frame _+_tra(nsfer)frame

~Ds{pojp1 |Dz|D3|D4|D5|D6|D7|Dp|-|§,—|D5|Do|D1 |D2|D3|D4|D5|D6|D7|DpIE=Ds|DO|D1 [p2|plp4|

RDRF |

Yo T

PER |

1) Y

Figure14.29 Data Re-Transfer Operation in SCI Reception M ode
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( Start )
I

| Initialization |
|

( Start reception )

Error processing )

Read data from RDR and
clear RDRF flag in SSR to 0

[ Clear RE bitin SCRt00 |

14.7.8

Figure 14.30 Sample Reception Flowchart

Clock Output Control

Clock output can be fixed using the CKE1 and CKEO bits in SCR when the GM bit in SMR is set
to 1. Specifically, the minimum width of a clock pulse can be specified.

Figure 14.31 shows an example of clock output fixing timing when the CKEQ bit is controlled
with GM = 1 and CKE1 = 0.

CKEO

SCK —|

J—
—

—

=
~

Given pulse width Given pulse width

Figure14.31 Clock Output Fixing Timing
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At power-on and transitions to/from software standby mode, use the following procedure to secure
the appropriate clock duty cycle.

e At power-on
To secure the appropriate clock duty cycle simultaneously with power-on, use the following
procedure.

1. Initially, port input is enabled in the high-impedance state. To fix the potential level, use a
pull-up or pull-down resistor.

2. Fix the SCK pin to the specified output using the CKEI bit in SCR.
3. Set SMR and SCMR to enable smart card interface mode.
Set the CKEO bit in SCR to 1 to start clock output.
e At mode switching
— At transition from smart card interface mode to software standby mode

1. Set the data register (DR) and data direction register (DDR) corresponding to the SCK
pin to the values for the output fixed state in software standby mode.

2. Write O to the TE and RE bits in SCR to stop transmission/reception. Simultaneously,
set the CKE1 bit to the value for the output fixed state in software standby mode.

3. Write O to the CKEO bit in SCR to stop the clock.

4. Wait for one cycle of the serial clock. In the mean time, the clock output is fixed to the
specified level with the duty cycle retained.

5. Make the transition to software standby mode.
— At transition from smart card interface mode to software standby mode
1. Clear software standby mode.

2. Write 1 to the CKEO bit in SCR to start clock output. A clock signal with the
appropriate duty cycle is then generated.

Software

Normal operation standby |

Normal operation

A
A4
\/

T tr

(121131 [4] [5] 61 7]

Figure14.32 Clock Stop and Restart Procedure

Rev.2.00 Jun. 28, 2007 Page 616 of 784
REJ09B248-0200 RENESAS




Section 14 Serial Communication Interface (SCI)

14.8 Interrupt Sources

14.8.1 Interruptsin Normal Serial Communication I nterface Mode

Table 14.12 shows the interrupt sources in normal serial communication interface mode. A
different interrupt vector is assigned to each interrupt source, and individual interrupt sources can
be enabled or disabled using the enable bits in SCR.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND flag
in SSR is set to 1, a TEI interrupt request is generated. A TXI interrupt request can activate the
DTC or DMAC to allow data transfer. The TDRE flag is automatically cleared to O at data transfer
by the DTC or DMAC.

When the RDREF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flag in SSR is set to 1, an ERI interrupt request is generated. An RXI interrupt can
activate the DTC or DMAC to allow data transfer. The RDRF flag is automatically cleared to 0 at
data transfer by the DTC or DMAC.

A TEI interrupt is requested when the TEND flag is set to 1 while the TEIE bit is set to 1. If a TEI
interrupt and a TXI interrupt are requested simultaneously, the TXI interrupt has priority for
acceptance. However, note that if the TDRE and TEND flags are cleared to O simultaneously by
the TXI interrupt processing routine, the SCI cannot branch to the TEI interrupt processing routine
later.

Table 14.12 SCI Interrupt Sources

Name Interrupt Source Interrupt Flag DMAC Activation DTC Activation Priority

ERI Receive error ORER, FER, or  Not possible Not possible High
PER
RXI Receive data full RDRF Possible Possible
TXI Transmit data TDRE Possible Possible
empty
TEI Transmit end TEND Not possible Not possible Low
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14.8.2 Interruptsin Smart Card Interface Mode

Table 14.13 shows the interrupt sources in smart card interface mode. A transmit end (TEI)
interrupt request cannot be used in this mode.

Table 14.13 SCI Interrupt Sources

Name Interrupt Source Interrupt Flag DMAC Activation DTC Activation Priority
ERI Receive erroror ~ ORER, PER, or Not possible Not possible High
error signal ERS
detection
RXI Receive data full RDRF Possible Possible
TXI Transmit data TDRE Possible Possible
empty Low

Data transmission/reception using the DTC or DMAC is also possible in smart card interface
mode, similar to in the normal SCI mode. In transmission, the TEND and TDRE flags in SSR are
simultaneously set to 1, thus generating a TXI interrupt. This activates the DTC or DMAC by a
TXI request thus allowing transfer of transmit data if the TXI request is specified as a source of
DTC or DMAC activation beforehand. The TDRE and TEND flags are automatically cleared to 0
at data transfer by the DTC or DMAC. If an error occurs, the SCI automatically re-transmits the
same data. During re-transmission, the TEND flag remains as 0, thus not activating the DTC or
DMAC. Therefore, the SCI and DTC or DMAC automatically transmit the specified number of
bytes, including re-transmission in the case of error occurrence. However, the ERS flag in SSR,
which is set at error occurrence, is not automatically cleared; the ERS flag must be cleared by
previously setting the RIE bit in SCR to 1 to enable an ERI interrupt request to be generated at
error occurrence.

When transmitting/receiving data using the DTC or DMAC, be sure to set and enable the DTC or
DMAC prior to making SCI settings. For DTC or DMAC settings, see section 7, DMA Controller
(DMAC) and section 8, Data Transfer Controller (DTC).

In reception, an RXI interrupt request is generated when the RDREF flag in SSR is set to 1. This
activates the DTC or DMAC by an RXI request thus allowing transfer of receive data if the RXI
request is specified as a source of DTC or DMAC activation beforehand. The RDREF flag is
automatically cleared to O at data transfer by the DTC or DMAC. If an error occurs, the RDRF
flag is not set but the error flag is set. Therefore, the DTC or DMAC is not activated and an ERI
interrupt request is issued to the CPU instead; the error flag must be cleared.
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149  Usage Notes

149.1 Module Stop Mode Setting

Operation of the SCI can be disabled or enabled using the module stop control register. The initial
setting is for operation of the SCI to be halted. Register access is enabled by clearing module stop
mode. For details, see section 19, Power-Down Modes.

14.9.2 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. In a break, the input from the RxD pin becomes all Os, and so the FER flag is set, and the
PER flag may also be set. Note that, since the SCI continues the receive operation even after
receiving a break, even if the FER flag is cleared to 0, it will be set to 1 again.

1493 Mark State and Break Detection

When the TE bit is 0, the TxD pin is used as an I/O port whose direction (input or output) and
level are determined by DR and DDR. This can be used to set the TxD pin to mark state (high
level) or send a break during serial data transmission. To maintain the communication line in mark
state (the state of 1) until TE is set to 1, set both DDR and DR to 1. Since the TE bit is cleared to 0
at this point, the TxD pin becomes an I/O port, and 1 is output from the TxD pin. To send a break
during serial transmission, first set DDR to 1 and DR to 0, and then clear the TE bit to 0. When the
TE bit is cleared to O, the transmitter is initialized regardless of the current transmission state, the
TxD pin becomes an I/O port, and 0 is output from the TxD pin.

1494 Receive Error Flagsand Transmit Operations (Clocked Synchronous Mode Only)

Transmission cannot be started when a receive error flag (ORER, FER, or RER) is set to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that the receive error flags cannot be cleared to 0 even if the RE bit is
cleared to 0.

Rev.2.00 Jun. 28, 2007 Page 619 of 784
RENESAS REJ09B248-0200



Section 14 Serial Communication Interface (SCI)

1495 Relation between Writingto TDR and TDRE Flag

The TDRE flag in SSR is a status flag which indicates that transmit data has been transferred from
TDR to TSR. When the SCI transfers data from TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR irrespective of the TDRE flag status. However, if new data is written
to TDR when the TDRE flag is 0, that is, when the previous data has not been transferred to TSR
yet, the previous data in TDR is lost. Be sure to write transmit data to TDR after verifying that the
TDRE flag is set to 1.

14.9.6 Restrictionson Using DTC or DMAC

e  When the external clock source is used as a synchronization clock, update TDR by the DTC or
DMAC and wait for at least five P¢ clock cycles before allowing the transmit clock to be
input. If the transmit clock is input within four clock cycles after TDR modification, the SCI
may malfunction (figure 14.33).

e  When using the DTC or DMAC to read RDR, be sure to set the receive end interrupt (RXI) as
the DTC or DMAC activation source.

TDRE ||

. 1 LSB
Serial data :)KDoXmXDzXDaXmXDsXDsXm)C

Note: When external clock is supplied, t must be more than four clock cycles.

Figure 14.33 Sample Transmission using DTC in Clocked Synchronous Mode
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14.9.7 SCI Operationsduring Mode Transitions
(1) Transmission

Before making the transition to module stop mode or software standby mode, stop the transmit
operations (TE = TIE = TEIE = 0). TSR, TDR, and SSR are reset. The states of the output pins
during module stop mode or software standby mode depend on the port settings, and the pins
output a high-level signal after mode cancellation. If the transition is made during data
transmission, the data being transmitted will be undefined.

To transmit data in the same transmission mode after mode cancellation, set the TE bit to 1, read
SSR, write to TDR, clear TDRE in this order, and then start transmission. To transmit data in a
different transmission mode, initialize the SCI first.

Figure 14.34 shows a sample flowchart for mode transition during transmission. Figures 14.35 and
14.36 show the port pin states during mode transition.

Before making the transition from the transmission mode using DTC transfer to module stop mode
or software standby mode, stop all transmit operations (TE = TIE = TEIE = 0). Setting the TE and
TIE bits to 1 after mode cancellation sets the TXI flag to start transmission using the DTC.

(2) Reception

Before making the transition to module stop mode or software standby mode, stop the receive
operations (RE = 0). RSR, RDR, and SSR are reset. If transition is made during data reception, the
data being received will be invalid.

To receive data in the same reception mode after mode cancellation, set the RE bit to 1, and then
start reception. To receive data in a different reception mode, initialize the SCI first.
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Figure 14.37 shows a sample flowchart for mode transition during reception.

Transmission
|

All data transmitted?

Yes [

[1] Data being transmitted is lost halfway.
Data can be normally transmitted from the CPU
by setting the TE bit to 1, reading SSR, writing to
TDR, and clearing the TDRE bit to 0 after clearing
| Read TEND flag in SSR | software standby mode; however, if the DTC has
been activated, the data remaining in the DTC will
be transmitted when both the TE and TIE bits are
setto 1.

[2] Clear the TIE and TEIE bits to 0 when they are 1.

[3] Module stop mode is included.

Make transition to [3]
software standby mode

| Cancel software standby mode |

Change operating mode?

Yes

Initialization | TE=1 |

-

Start transmission

Figure 14.34 Sample Flowchart for Mode Transition during Transmission

Transition to
- o fiware standb Software standby
Transmission start Transmission end ~ software standby -\ o010

- ' ™y v
TE bit | L‘_‘_'i

o LML : i
output pin | inputioutput \

1 {C {(
Iﬁjut pin —n Gitput Y High output | Start £ X, Y stop Port input/output ¥ High output
)
Port SCI TxD output Port —» SCI

TxD output

Figure14.35 Port Pin States during Mode Transition
(Internal Clock, Asynchronous Transmission)
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. . Transition to Software standby
Transmission start Transmission end  software standby mode canceled

- v v mode. § ¥
TE bit | J

'
'
{( '
|

SCK . E JMJ \< Ft‘frt y '
output pin H input/output, !
™0 ’ 5 f—y :
om)jtput pin inpitautput )Y Marking output ~ X X X7 'Last TXD bit retained) Port input/output Y High output*
Port CI TxD output > Port scl

TxD output

A

Note: * Initialized in software standby mode

Figure14.36 Port Pin States during Mode Transition
(Internal Clock, Clocked Synchronous Transmission)

Reception

Read RDRF flag in SSR

No [1] [1] Data being received will be invalid.

[2] Module stop mode is included.
Yes

| Read receive data in RDR |

Make transition to [2]
software standby mode

| Cancel software standby mode |

Change operating mode?

Initialization

| RE=1 |

Start reception

Figure 14.37 Sample Flowchart for M ode Transition during Reception
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Section 15 A/D Converter

This LSI includes a successive approximation type 10-bit A/D converter that allows up to eight
analog input channels to be selected.

Figure 15.1 shows a block diagram of the A/D converter.

15.1 Features

e 10-bit resolution
o Eight input channels
e Conversion time: 7.4 us per channel (at 35-MHz operation)
e Two kinds of operating modes
— Single mode: Single-channel A/D conversion
— Scan mode: Continuous A/D conversion on 1 to 4 channels, or 1 to 8 channels
o Fight data registers
A/D conversion results are held in a 16-bit data register for each channel
e Sample and hold function
e Three types of conversion start

Conversion can be started by software, a conversion start trigger by the 16-bit timer pulse unit
(TPU) or 8-bit timer (TMR), or an external trigger signal.

e Interrupt source
A/D conversion end interrupt (ADI) request can be generated.

e  Module stop mode can be set
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Module data bus

Internal
data bus

AAAAAANN

00

Bus interface

ADIOQ interrupt
signal

Conversion start
trigger from the

c
i)
©
AVce — £
x
g5 <|lo|lolo|lw|lw|O| o
|10 =elE|51515(5(5(5(5| (8|8
Vref 1obitaD KI5l 38 (81818(8(8]1581]8 ala
g9 < |<|<|<|<|<|<| < <| <
[
—> Q
AVss 8
>
@
ANO —»] []
AN1 —» | T >+
AN2 —»] —v—o\ol—v—>_
AN3 —»| & i i
b | I ' Comparator Control circuit
AN4 —> = . |
AN5 —>| g Sample-and-
hold circuit
AN6 —*
AN7 >
/)
A
ADTRGO
[Legend] TPU or TMR

ADCR: A/D control register
ADCSR: A/D control/status register

ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C

ADDRD: A/D data register D
ADDRE: A/D data register E
ADDRF: A/D data register F
ADDRG: A/D data register G
ADDRH: A/D data register H

Figure15.1 Block Diagram of A/D Converter
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15.2  Input/Output Pins

Table 15.1 shows the pin configuration of the A/D converter.

Table15.1 Pin Configuration

Pin Name Symbol /O Function

Analog input pin 0 ANO Input Analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input

Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin  ADTRGO Input External trigger input for starting A/D conversion
Analog power supply pin AV, Input Analog block power supply
Analog ground pin AV Input Analog block ground

Reference voltage pin Vref Input A/D conversion reference voltage

15.3 Register Descriptions

The A/D converter has the following registers.

e A/D dataregister A (ADDRA)

e A/D data register B (ADDRB)

e A/D data register C (ADDRC)

e A/D data register D (ADDRD)

e A/D dataregister E (ADDRE)

e A/D data register F (ADDREF)

e A/D data register G (ADDRG)

e A/D data register H (ADDRH)

e A/D control/status register (ADCSR)
e A/D control register (ADCR)
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153.1 A/D Data RegistersA toH (ADDRA to ADDRH)

There are eight 16-bit read-only ADDR registers, ADDRA to ADDRH, used to store the results of
A/D conversion. The ADDR registers, which store a conversion result for each channel, are shown
in table 15.2.

The converted 10-bit data is stored in bits 15 to 6. The lower 6-bit data is always read as 0.

The data bus between the CPU and the A/D converter has a 16-bit width. The data can be read
directly from the CPU. ADDR must not be accessed in 8-bit units and must be accessed in 16-bit
units.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

svere | [ | ] [ | [ | [ [ [ [ | [ [ [ |

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W

Table15.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel A/D Data Register Which Stores Conversion Result
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
AN4 ADDRE
AN5 ADDRF
ANG6 ADDRG
AN7 ADDRH
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1532

A/D Control/Status Register (ADCSR)

ADCSR controls A/D conversion operations.

Bit 7 4 3 2 1 0
Bit Name ADF ADST CH3 CH2 CH1 CHo
Initial Value 0 0 0 0 0 0
R/W R/(W)* R/W R/W R/W R/W R/W
Note: * Only 0 can be written to this bit, to clear the flag.
Initial
Bit Bit Name Value R/W Description
7 ADF 0 R/(W)* A/D End Flag
A status flag that indicates the end of A/D conversion.
[Setting conditions]
¢ When A/D conversion ends in single mode
e When A/D conversion ends on all specified channels
in scan mode
[Clearing conditions]
e When 0 is written after reading ADF =1
(When the CPU is used to clear this flag by writing 0
while the corresponding interrupt is enabled, be sure
to read the flag after writing 0 to it.)
e When the DTC or DMAC is activated by an ADI
interrupt and ADDR is read
6 ADIE 0 R/W A/D Interrupt Enable
When this bit is set to 1, ADI interrupts by ADF are
enabled.
5 ADST 0 R/W A/D Start

Clearing this bit to 0 stops A/D conversion, and the A/D
converter enters wait state.

Setting this bit to 1 starts A/D conversion. In single mode,
this bit is cleared to 0 automatically when A/D conversion
on the specified channel ends. In scan mode, A/D
conversion continues sequentially on the specified
channels until this bit is cleared to 0 by software, a reset,
or hardware standby mode.
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Initial
Bit Bit Name Value R/W Description

4 — 0 R Reserved
This is a read-only bit and cannot be modified.

CH3
CH2
CH1
CHo

R/W Channel Select 3to 0

R/W Selects analog input together with bits SCANE and
R/W SCANS in ADCR.

R/W e When SCANE =0 and SCANS =X

0000: ANO
0001: AN1
0010: AN2
0011: AN3
0100: AN4
0101: AN5
0110: AN6
0111: AN7
1XXX: Setting prohibited

e When SCANE =1 and SCANS =0
0000: ANO
0001: ANO and AN1
0010: ANO to AN2
0011: ANO to AN3
0100: AN4
0101: AN4 and AN5
0110: AN4 to AN6
0111: AN4 to AN7
1XXX: Setting prohibited

e When SCANE = 1 and SCANS = 1
0000: ANO
0001: ANO and AN1
0010: ANO to AN2
0011: ANO to AN3
0100: ANO to AN4
0101: ANO to AN5
0110: ANO to AN6
0111: ANO to AN7
1XXX: Setting prohibited

o = N W
o O O o

[Legend]
X: Don't care
Note: * Only 0 can be written to this bit, to clear the flag.
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15.3.3 A/D Control Register (ADCR)

ADCR enables A/D conversion to be started by an external trigger input.

Bit 7 6 5 4 3 2 1 0
Bit Name TRGSH1 TRGSO SCANE SCANS CKs1 CKS0
Initial Value 0 0 0 0 0 0 0 0
R/W RW RW R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7 TRGS1 0 R/W Timer Trigger Select 1 and 0
6 TRGSO0 0 R/W These bits select enabling or disabling of the start of A/D

conversion by a trigger signal.
00: A/D conversion start by external trigger is disabled
01: A/D conversion start by external trigger from TPU is
enabled
10: A/D conversion start by external trigger from TMR is
enabled
11: A/D conversion start by the ADTRGO pin is enabled*
SCANE 0 R/W Scan Mode
SCANS 0 R/W These bits select the A/D conversion operating mode.

0X: Single mode
10: Scan mode. A/D conversion is performed
continuously for channels 1 to 4.

11: Scan mode. A/D conversion is performed
continuously for channels 1 to 8.

CKS1 0 R/W Clock Select 1 and 0
2 CKSO0 0 R/W These bits set the A/D conversion time. Set bits CKS1
and CKSO only while A/D conversion is stopped (ADST =
0).

00: A/D conversion time = 530 states (max)
01: A/D conversion time = 266 states (max)
10: A/D conversion time = 134 states (max)

11: A/D conversion time = 68 states (max)
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Initial
Bit Bit Name Value R/W Description
1,0 — AllO R Reserved
These are read-only bits and cannot be modified.
[Legend]
X: Don't care

Note: * To set A/D conversion to start by the ADTRGO pin, the DDR bit and ICR bit for the
corresponding pin should be set to 0 and 1, respectively. For details, see section 9, I/O
Ports.

154  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes: single mode and scan mode. When changing the operating mode or analog input
channel, to prevent incorrect operation, first clear the ADST bit in ADCSR to 0 to halt A/D
conversion. The ADST bit can be set to 1 at the same time as the operating mode or analog input
channel is changed.

154.1 SingleMode

In single mode, A/D conversion is to be performed only once on the analog input of the specified
single channel.

1. A/D conversion for the selected channel is started when the ADST bit in ADCSR is set to 1 by
software or an external trigger input.

2. When A/D conversion is completed, the A/D conversion result is transferred to the
corresponding A/D data register of the channel.

3. When A/D conversion is completed, the ADF bit in ADCSR is set to 1. If the ADIE bit is set
to 1 at this time, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to O when
A/D conversion ends. The A/D converter enters wait state. If the ADST bit is cleared to 0
during A/D conversion, A/D conversion stops and the A/D converter enters wait state.
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l Set*
ADIE | |
Set Set+

ADST A/D conversion start —L

Clear* Clear*
ADF
Channel 0 (ANO) Waiting for ¢onversion /
operation state L gford A I\ A I
Channel 1 (AN1 Waiting for - - - - — -
(ANT) T conversion —LA/D conversion 1& Waiting for conversion | A/D conversion 2& Waiting for conversion |

operation state

Channel 2 (AN2) [~ Waiting for conversion | I

operation state / /

Channel 3 (AN3) [ Waiting for conversion I
operation state

T

ADDRA |

\ l Reading A/D conversion result \ lReading A/D conversion result
ADDRB X A/D conversion result 1 X A/D conversion result 2
ADDRC
ADDRD

Note: * indicates the timing of instruction execution by software.

Figure15.2 Exampleof A/D Converter Operation (Single Mode, Channel 1 Selected)

15.4.2 Scan Mode

In scan mode, A/D conversion is to be performed sequentially on the analog inputs of the specified
channels up to four or eight channels.

1. When the ADST bit in ADCSR is set to 1 by software, TPU, TMR, or an external trigger
input, A/D conversion starts on the first channel in the group. Consecutive A/D conversion on
a maximum of four channels (SCANE and SCANS = B'10) or on a maximum of eight
channels (SCANE and SCANS = B'l1) can be selected. When consecutive A/D conversion is
performed on four channels, A/D conversion starts on AN4 when CH3 and CH2 = B'01. When
consecutive A/D conversion is performed on eight channels, A/D conversion starts on ANO
when CH3 = B'0.

2. When A/D conversion for each channel is completed, the A/D conversion result is sequentially
transferred to the corresponding ADDR of each channel.
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3. When A/D conversion of all selected channels is completed, the ADF bit in ADCSR is set to 1.
If the ADIE bit is set to 1 at this time, an ADI interrupt request is generated. A/D conversion of
the first channel in the group starts again.

4. The ADST bit is not cleared automatically, and steps [2] to [3] are repeated as long as the
ADST bit remains set to 1. When the ADST bit is cleared to 0, A/D conversion stops and the
A/D converter enters wait state. If the ADST bit is later set to 1, A/D conversion starts again
from the first channel in the group.

A/D conversion consecutive execution

| |
| ) | Clears1
; Set:1 ‘

ADST Lﬁ
‘Cleam
j ) /f

ADF
A/D conversion time
A/D |<1—>

Channel 0 (ANO) Waiting for - — - - -
operation state [ conversion—1. cs:%r:]v?r /‘i\\ Waiting for conversion | @él?wer [ Waiting for conversion |
ion 4 ;
A/D A sion / \ A/D .
Channel 1 (AN1) - - Waiting for
operation state l Waiting for conversion hl gi%r:]Vgr Waiting for conversion Y / conver- conversion

Channel 2 (AN2) 1 Waiting for conversion ___/ conver / Waiting for conversion ]

[N
(\w
operation state / > sion 3 \ (

Channel 3 (AN3) P -
operation state | Waiting for conversion \ | \ |
\ Transfer / \

ADDRA X A/D conversion regllt 1 X A/D conversion result 4

ADDRB | A/D conversion result 2
ADDRC A/D conversion result 3
ADDRD

Notes: 1. indicates the timing of instruction execution by software.
2. Data being converted is ignored.

Figure15.3 Example of A/D Conversion
(Scan Mode, Three Channels (ANO to AN2) Selected)
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15.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog

input when the A/D conversion start delay time (t,) passes after the ADST bit in ADCSR is set to
1, then starts A/D conversion. Figure 15.4 shows the A/D conversion timing. Table 15.3 indicates
the A/D conversion time.

As indicated in figure 15.4, the A/D conversion time (t,) includes t; and the input sampling time
(tg)- The length of t; varies depending on the timing of the write access to ADCSR. The total

conversion time therefore varies within the ranges indicated in table 15.3.

In scan mode, the values given in table 15.3 apply to the first conversion time. The values given in
table 15.4 apply to the second and subsequent conversions. In either case, bits CKS1 and CKSO in
ADCR should be set so that the conversion time is within the ranges indicated by the A/D
conversion characteristics.

Address

Write signal

i
iy

Input sampling
timing

ADF

tp tspL

tconv
[Legend]
(1):  ADCSR write cycle
(2): ADCSR address
tp. A/D conversion start delay time
tgp:  Input sampling time
tcony: A/D conversion time

Figure15.4 A/D Conversion Timing
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Table15.3 A/D Conversion Characteristics (Single M ode)

CKS1=0 CKS1=1
CKS0=0 CKS0 =1 CKS0=0 CKS0=1
Item Symbol Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max.
A/D conversion t, 18 — 38 0 — 17 6 — 9 4 — 5
start delay time
Input sampling time tg, — 127 — — 63 — — 31 — — 15 —
A/D conversion toony 515 — 530 259 — 266 131 — 134 67 — 68

time
Note: Values in the table are the number of states.

Table15.4 A/D Conversion Characteristics (Scan Mode)

CKs1 CKSO0 Conversion Time (Number of States)
0 0 512 (Fixed)

1 256 (Fixed)
1 0 128 (Fixed)

1 64 (Fixed)

15.4.4 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bits are set to B'l11 in
ADCR, an external trigger is input from the ADTRGO pin. A/D conversion starts when the ADST
bit in ADCSR is set to 1 on the falling edge of the ADTRGO pin. Other operations, in both single
and scan modes, are the same as when the ADST bit has been set to 1 by software. Figure 15.5
shows the timing.

e S S I I I
ADTRGO I~

Internal trigger signal \.l |

ADST

A/D conversion

<
-

Figure15.5 External Trigger Input Timing
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155 Interrupt Source

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D conversion.
Setting the ADIE bit to 1 when the ADF bit in ADCSR is set to 1 after A/D conversion is
completed enables ADI interrupt requests. The data transfer controller (DTC) or DMA controller
(DMAC) can be activated by an ADI interrupt. Having the converted data read by the DTC or
DMAC in response to an ADI interrupt enables continuous conversion to be achieved without
imposing a load on software.

Table15.5 A/D Converter Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation DMAC Activation
ADI A/D conversion end ADF Possible Possible

156 A/D Conversion Accuracy Definitions
This LSI's A/D conversion accuracy definitions are given below.

e Resolution
The number of A/D converter digital output codes.

e (Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 15.6).

o Offset error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 15.7).

e Full-scale error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 15.7).

e Nonlinearity error
The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error
(see figure 15.7).

e Absolute accuracy
The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.
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Digital output

A
Ideal A/D conversion —/
111 characteristic
)/
110
101
100
011
010 — L Quantization error
001
000 | | | | ( | | | >
1 2 1022 1023 FS
1024 1024 1024 1024
Analog
input voltage

Figure15.6 A/D Conversion Accuracy Definitions

Digital output Full-scale error
A 1
Ideal A/D conversion
characteristic !

4 Nonlinearity
/ error

/" Actual A/D conversion
<t . .
, characteristic

FS
Analog
Offset error

input voltage

Figure15.7 A/D Conversion Accuracy Definitions

Rev.2.00 Jun. 28, 2007 Page 638 of 784
REJ09B248-0200 RENESAS




Section 15 A/D Converter

15.7  Usage Notes

1571 Module Stop Mode Setting

Operation of the A/D converter can be disabled or enabled using the module stop control register.
The initial setting is for operation of the A/D converter to be halted. Register access is enabled by
clearing module stop mode. For details, see section 19, Power-Down Modes.

15.7.2 Permissible Signal Source Impedance

This LSI's analog input is designed so that the conversion accuracy is guaranteed for an input
signal for which the signal source impedance is 10 kQ or less. This specification is provided to
enable the A/D converter's sample-and-hold circuit input capacitance to be charged within the
sampling time; if the sensor output impedance exceeds 10 k€, charging may be insufficient and it
may not be possible to guarantee the A/D conversion accuracy. However, if a large capacitance is
provided externally for conversion in single mode, the input load will essentially comprise only
the internal input resistance of 10 k€2, and the signal source impedance is ignored. However, since
a low-pass filter effect is obtained in this case, it may not be possible to follow an analog signal
with a large differential coefficient (e.g., 5 mV/us or greater) (see figure 15.8). When converting a
high-speed analog signal or conversion in scan mode, a low-impedance buffer should be inserted.

This LSI
Equivalent circuit of the A/D converter
Sensor output
impedance
R <10 kQ 10 kQ

Sensor input —N\/‘ _L W J_
Cin =

 Low-pass !
! filter ; 15 pF I -|n;
: C=01 },lF :

! (Recommended) |

20 pF

Figure15.8 Example of Analog Input Circuit
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15.7.3  Influenceson Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND such as
AVss.

Care is also required to insure that filter circuits do not communicate with digital signals on the
mounting board, acting as antennas.

15.74  Setting Range of Analog Power Supply and Other Pins
If the conditions shown below are not met, the reliability of the LSI may be adversely affected.

e Analog input voltage range
The voltage applied to analog input pin ANn during A/D conversion should be in the range
AVss < VAN < Vref.

e Relation between AVcce, AVss and Vcec, Vss
As the relationship between AVcc, AVss and Vcc, Vss, set AVee = Vee £ 0.3 V and AVss =
Vss. If the A/D converter is not used, set AVcc = Vcc and AVss = Vss.

e Vref setting range
The reference voltage at the Vref pin should be set in the range Vref < AVcc.

15.75 Noteson Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,

and layout in which digital circuit signal lines and analog circuit signal lines cross or are in close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Digital circuitry must be isolated from the analog input pins (ANO to AN7), analog reference
power supply (Vref), and analog power supply (AVcc) by the analog ground (AVss). Also, the
analog ground (AVss) should be connected at one point to a stable ground (Vss) on the board.
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15.7.6  Notes on Noise Counter measur es

A protection circuit connected to prevent damage due to an abnormal voltage such as an excessive
surge at the analog input pins (ANO to AN7) should be connected between AVcc and AVss as
shown in figure 15.9. Also, the bypass capacitors connected to AVcc and the filter capacitor
connected to the ANO to AN7 pins must be connected to AVss.

If a filter capacitor is connected, the input currents at the ANO to AN7 pins are averaged, and so an
error may arise. Also, when A/D conversion is performed frequently, as in scan mode, if the
current charged and discharged by the capacitance of the sample-and-hold circuit in the A/D
converter exceeds the current input via the input impedance (R, ), an error will arise in the analog
input pin voltage. Careful consideration is therefore required when deciding the circuit constants.

/\/

AVce

Vref

o
1 1

A
Rin*2 100 O

i O—WM ANO to AN7
T T ‘
0.1 uFT
O E AVss
Notes: Values are reference values. /\_/

1.

10 pF 0.01 yF

2. Rin: Input impedance

Figure15.9 Example of Analog Input Protection Cir cuit

Table15.6 Analog Pin Specifications

Iltem Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10 kQ
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10 kQ
ANO to AN7 To A/D converter

;

Note: Values are reference values.

20 pF

Figure15.10 Analog Input Pin Equivalent Cir cuit

15.7.7  A/D Input Hold Function in Softwar e Standby M ode

When this LSI enters software standby mode with A/D conversion enabled, the analog inputs are
retained, and the analog power supply current is equal to as during A/D conversion. If the analog
power supply current needs to be reduced in software standby mode, clear the ADST, TRGS1, and
TRGSO bits all to 0 to disable A/D conversion.
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Section 16 D/A Converter

16.1 Features

e 8-bit resolution

e Two output channels

e Maximum conversion time of 10 ps (with 20 pF load)
e Output voltage of 0 Vto V

e D/A output hold function in software standby mode

e  Module stop mode can be set

Module data bus Internal data bus

Bus interface

Vref —»
AVoo 8-bit 2lz le
4 ala |5
DA1 —<— D/A K 212 2
o|lo |3

DA0 <+

AVgg —
Control circuit

[Legend]

DADRO: D/A data register 0
DADR1: D/A data register 1
DACRO1: D/A control register 01

Figure16.1 Block Diagram of D/A Converter
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16.2  Input/Output Pins
Table 16.1 shows the pin configuration of the D/A converter.

Table16.1 Pin Configuration

Pin Name Symbol I/O Function

Analog power supply pin AVcc Input Analog block power supply
Analog ground pin AVss Input Analog block ground

Reference voltage pin Vref Input D/A conversion reference voltage
Analog output pin 0 DAO Output Channel 0 analog output

Analog output pin 1 DA1 Output Channel 1 analog output

16.3 Register Descriptions
The D/A converter has the following registers.

e D/A data register 0 (DADRO)
e D/A data register 1 (DADR1)
e D/A control register 01 (DACRO1)

16.3.1 D/A DataRegisters0Oand 1 (DADRO and DADR1)

DADR is an 8-bit readable/writable register that stores data to which D/A conversion is to be
performed. Whenever analog output is enabled, the values in DADR are converted and output to
the analog output pins.

Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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1632 D/A Control Register 01 (DACROL)

DACROI controls the operation of the D/A converter.

Bit 7 6 5 4 3 2 1 0

Bit Name DAOET DAOEO DAE

Initial Value 0 0 0 1 1 1 1 1

R/W R/W R/W R/W R R R R R

Initial

Bit Bit Name Value R/W Description

7 DAOE1 0 R/W D/A Output Enable 1
Controls D/A conversion and analog output.
0: Analog output of channel 1 (DA1) is disabled
1: D/A conversion of channel 1 is enabled. Analog output

of channel 1 (DA1) is enabled.

6 DAOEO 0 R/W D/A Output Enable 0
Controls D/A conversion and analog output.
0: Analog output of channel 0 (DAOQ) is disabled
1: D/A conversion of channel 0 is enabled. Analog output

of channel 0 (DAO) is enabled.

5 DAE 0 R/W D/A Enable
Used together with the DAOEO and DAOE1 bits to control
D/A conversion. When this bit is cleared to 0, D/A
conversion is controlled independently for channels 0 and
1. When this bit is set to 1, D/A conversion for channels 0
and 1 is controlled together.
Output of conversion results is always controlled by the
DAOEO and DAOET1 bits. For details, see table 16.2,
Control of D/A Conversion.

4t00 — All 1 R Reserved

These are read-only bits and cannot be modified.
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Table16.2 Control of D/A Conversion

Bit 5
DAE

Bit 7
DAOE1

Bit 6
DAOEO

Description

0

0

0

D/A conversion is disabled.

1

D/A conversion of channel 0 is enabled and D/A conversion
of channel 1 is disabled.

Analog output of channel 0 (DAO) is enabled and analog
output of channel 1 (DA1) is disabled.

D/A conversion of channel 0 is disabled and D/A conversion
of channel 1 is enabled.

Analog output of channel 0 (DAO) is disabled and analog
output of channel 1 (DA1) is enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) is
enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) is
disabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channel 0 (DAO) is enabled and analog
output of channel 1 (DA1) is disabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channel 0 (DAO) is disabled and analog
output of channel 1 (DA1) is enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) is
enabled.
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164 Operation

The D/A converter includes D/A conversion circuits for two channels, each of which can operate
independently. When the DAOE bit in DACROL is set to 1, D/A conversion is enabled and the

conversion result is output.

An operation example of D/A conversion on channel 0 is shown below. Figure 16.2 shows the

timing of this operation.

Write the conversion data to DADRO.
2. Set the DAOEQO bit in DACROI to 1 to start D/A conversion. The conversion result is output
from the analog output pin DAO after the conversion time t, ., has elapsed. The conversion
result continues to be output until DADRO is written to again or the DAOEQ bit is cleared to 0.
The output value is expressed by the following formula:

Contents of DADR/256 x V

3. If DADRO is written to again, the conversion is immediately started. The conversion result is

output after the conversion time t

DCONV

has elapsed.
4. If the DAOEQ bit is cleared to 0, analog output is disabled.

DADRO DACRO1 DADRO DACRO1
write cycle write cycle write cycle write cycle
Po L
Address X_ x_
DADRO X Conversion data 1 Conversion data 2
DAOEO |
DA) W — e T T Conversion
High-impedance state Conversion | **-... | | result2
result 1
toconv toconv

[Legend]
tpbconv: D/A conversion time

Figure16.2 Example of D/A Converter Operation
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16.5 Usage Notes

16.5.1 Module Stop Mode Setting

Operation of the D/A converter can be disabled or enabled using the module stop control register.
The initial setting is for operation of the D/A converter to be halted. Register access is enabled by
clearing module stop mode. For details, see section 19, Power-Down Modes.

16.5.2 D/A Output Hold Function in Softwar e Standby M ode

When this LSI enters software standby mode with D/A conversion enabled, the D/A outputs are
retained, and the analog power supply current is equal to as during D/A conversion. If the analog
power supply current needs to be reduced in software standby mode, clear the ADST, TRGS1, and
TRGSO bits all to 0 to disable D/A conversion.
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Section 17 RAM

This LSI has a 40-kbyte on-chip high-speed static RAM. The RAM is connected to the CPU by a
32-bit data bus, enabling one-state access by the CPU to all byte data, word data, and longword
data.

The on-chip RAM can be enabled or disabled by means of the RAME bit in the system control
register (SYSCR). For details on SYSCR, refer to section 3.2.2, System Control Register
(SYSCR).

Product Classification RAM Size RAM Addresses
ROMiless H8SX/1651C 40 kbytes H'FF2000 to H'FFBFFF
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Section 18 Clock Pulse Generator

This LSI has an on-chip clock pulse generator (CPG) that generates the system clock (I¢),
peripheral module clock (P¢), and external bus clock (B¢).

The clock pulse generator consists of an oscillator, PLL (Phase Locked Loop) circuit, divider, and
selector circuit. Figure 18.1 shows a block diagram of the clock pulse generator.

Clock frequencies can be changed by the PLL circuit and divider in the CPG. Changing the
system clock control register (SCKCR) setting by software can change the clock frequencies.

This LSI supports three types of clocks: a system clock provided to the CPU and bus masters, a
peripheral module clock provided to the peripheral modules, and an external bus clock provided to
the external bus. These clocks can be specified independently. Note, however, that the frequencies
of the peripheral clock and external bus clock are lower than that of the system clock.

' ICK2 to ICKO

EXTAL x 4
ETAL - 1 |setector|—»System clock (o)
EXTAL x 1/2 (to the CPU and

bus masters)

PCK2 to PCKO
Divider 11
EXTAL — PLL EXTALx4 [ (71, 1/2
Oscillator | cirouit 1/2, 1/4 Peripheral module
XTAL — 1/4, 1/8 clock (Po)
and 1/8) (to peripheral modules)
SCKCR
BCK2 to BCKO
11
1/2
14 Selector External bus clock (Bo)
178 (to the B¢ pin)

Figure18.1 Block Diagram of Clock Pulse Generator
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18.1 Register Description
The clock pulse generator has the following register.

e System clock control register (SCKCR)

18.1.1 System Clock Control Register (SCKCR)

SCKCR controls B¢ clock output and frequencies of the system, peripheral module, and external
bus clocks, also selects the B¢ clock to be output.

Bit 15 14 13 12 11 10 9 8
Bit Name | PSTOP1 | — | POSEL1 — — ICK2 ICK1 ICKO
Initial Value 0 0 0 0 0 0 1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — PCK2 PCK1 PCKO — BCK2 BCK1 BCKO
Initial Value 0 0 1 0 0 0 1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
15 PSTOP1 0 R/W B¢ Output Select

Controls the ¢ output on PA7.
¢ Normal operation

0: B¢ output

1: Fixed high

14 — 0 R/W Reserved

This bit is always read as 0. The write value should
always be 0.

13 POSEL1 O R/W ¢ Output Select 1
Controls the ¢ output on PA7.
0: External bus clock (B¢)
1: Setting prohibited
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Initial
Bit Bit Name Value R/W Description
12,11 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
10 ICK2 0 R/W System Clock (l¢) Select
ICK1 1 R/W These bits select the frequency of the system clock
8 ICKO 0 R/W provided to the CPU, DTC, and DMAC. The ratio to the
input clock is as follows:
000: x 4
001: x 2
010: x 1
011: x 1/2
1XX: Setting prohibited
The frequencies of the peripheral module clock and
external bus clock change to the same frequency as the
system clock if the frequency of the system clock is lower
than that of the two clocks.
7 — 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
PCK2 0 R/W Peripheral Module Clock (P¢) Select
PCK1 1 R/W These bits select the frequency of the peripheral module
PCKO 0 R/W clock. The ratio to the input clock is as follows:
000: x 4
001: x 2
010: x 1
011: x 1/2
1XX: Setting prohibited
The frequency of the peripheral module clock should be
lower than that of the system clock. Though these bits
can be set so as to make the frequency of the peripheral
module clock higher than that of the system clock, the
clocks will have the same frequency in reality.
3 — 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
2 BCK2 0 R/W External Bus Clock (B¢) Select
BCK1 1 R/W These bits select the frequency of the external bus clock.
0 BCKO 0 R/W The ratio to the input clock is as follows:
000: x 4
001: x 2
010: x 1
011: x 1/2

1XX: Setting prohibited

The frequency of the external bus clock should be lower
than that of the system clock. Though these bits can be
set so as to make the frequency of the external bus clock
higher than that of the system clock, the clocks will have
the same frequency in reality.

[Legend]
X: Don't care
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18.2 Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

18.21  Connecting Crystal Resonator

A crystal resonator can be connected as shown in the example in figure 18.2. Select the damping
resistance R, according to table 18.1. An AT-cut parallel-resonance type should be used.

When the clock is provided by connecting a crystal resonator, a crystal resonator having a
frequency of 8 to 18 MHz should be connected.

CL1
EXTAL ﬁ_—| I—Th'
| —
xTAL —AM—T——
—_ 1 Rq Cr

Figure 18.2 Connection of Crystal Resonator (Example)

C 1=C=10t0 22 pF

Table18.1 Damping Resistance Value

Frequency (MHz) 8 12 18
R, (©) 200 0 0

d

Figure 18.3 shows an equivalent circuit of the crystal resonator. Use a crystal resonator that has
the characteristics shown in table 18.2.

—— o — | ANV
L Rs
XTAL <——¢ &> EXTAL

|
I
o AT-cut parallel-resonance type

Figure18.3 Crystal Resonator Equivalent Circuit
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Table18.2 Crystal Resonator Characteristics

Frequency (MHz) 8 12 18
R, Max. (Q) 80 60 40
C, Max. (pF) 7

18.2.2 External Clock Input

An external clock signal can be input as shown in the examples in figure 18.4. If the XTAL pin is
left open, make sure that parasitic capacitance is no more than 10 pF. When the counter clock is
input to the XTAL pin, make sure that the external clock is held high in standby mode.

EXTAL b7 J-I_I-I_n_ External clock input

XTAL p—— Open

(a) XTAL pin left open

o T
XTAL

(b) Counter clock input on XTAL pin

J-I_I-I_n_ External clock input

Figure18.4 External Clock I nput (Examples)

For the input conditions of the external clock, refer to tables 21.4 and 21.14 in section 21,
Electrical Characteristics. The input external clock should be from 8 to 18 MHz.

18.3 PLL Circuit

The PLL circuit has the function of multiplying the frequency of the clock from the oscillator by a
factor of 4. The frequency multiplication factor is fixed. The phase difference is controlled so that
the timing of the rising edge of the internal clock is the same as that of the EXTAL pin signal.

184  Frequency Divider

The frequency divider divides the PLL clock to generate a 1/2, 1/4, or 1/8 clock. After bits ICK2
to ICKO, PCK 2 to PCKO0, and BCK2 to BCKO are modified, this LSI operates at the modified
frequency.
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185 Usage Notes

18.5.1 Noteson Clock Pulse Generator

1.

The following points should be noted since the frequency of ¢ (I$: system clock, P¢:
peripheral module clock, B¢: external bus clock) supplied to each module changes according
to the setting of SCKCR.

Select a clock division ratio that is within the operation guaranteed range of clock cycle time
t.,. shown in the AC timing of electrical characteristics.

The setting should be within the operation guaranteed range of 8 MHz < 1¢ < 50 MHz, 8 MHz
<P¢ <35 MHz, and 8 MHz < B¢ < 50 MHz.

All the on-chip peripheral modules (except for the DTC) operate on the P¢. Therefore, note
that the time processing of modules such as a timer and SCI differs before and after changing
the clock division ratio.

In addition, wait time for clearing software standby mode differs by changing the clock
division ratio. For details, see section 19.5.3, Setting Oscillation Settling Time after Clearing
Software Standby Mode.

The relationship among the system clock, peripheral module clock, and external bus clock is I¢
> P¢ and I¢ > B¢. In addition, the system clock setting has the highest priority. Accordingly,
P¢ or B¢ may have the frequency set by bits ICK2 to ICKO regardless of the settings of bits
PCK2 to PCKO or BCK2 to BCKO.

Figure 18.5 shows the clock modification timing. After a value is written to SCKCR, this LSI
waits for the current bus cycle to complete. After the current bus cycle completes, each clock
frequency will be modified within one cycle (worst case) of the external input clock.
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One cycle (worst case)
after the bus cycle completion

External
clock

Bus master | CPU | CPU | | CPU

Operating clock Operating clock changed

specified in SCKCR

Figure18.5 Clock Madification Timing

18.5.2 Noteson Resonator

Since various characteristics related to the resonator are closely linked to the user's board design,
thorough evaluation is necessary on the user's part, using the resonator connection examples
shown in this section as a reference. As the parameters for the resonator will depend on the
floating capacitance of the resonator and the mounting circuit, the parameters should be
determined in consultation with the resonator manufacturer. The design must ensure that a voltage
exceeding the maximum rating is not applied to the resonator pin.

18.5.3 Noteson Board Design

When using the crystal resonator, place the crystal resonator and its load capacitors as close as
possible to the XTAL and EXTAL pins. Other signal lines should be routed away from the
oscillation circuit as shown in figure 18.6 to prevent induction from interfering with correct
oscillation.
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Inhibited —————Signal A Signal B

This LSI

XTAL

—H

EXTAL

T'T I
T

Figure 18.6 Note on Board Design for Oscillation Circuit

Figure 18.7 shows the external circuitry recommended for the PLL circuit. Separate PLLVcc and

PLLVss from the other Vcc and Vss lines at the board power supply source, and be
bypass capacitors CPB and CB close to the pins.

sure to insert

Rp: 100 Q
PLLVcc
CPB: 0.1 pF*

PLLVss T

Vce *

% CB: 0.1 yF* L
Vss T
T

Note: * CB and CPB are laminated ceramic capacitors.

Figure18.7 Recommended External Circuitry for PLL Circuit
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Section 19 Power-Down Modes

This LSI has power consumption reduction functions, such as multi-clock function, module stop
function, and transition function to power-down mode.

19.1 Features

e  Multi-clock function

The frequency division ratio is settable independently for the system clock, peripheral module
clock, and external bus clock.

e Module stop function

The functions for each peripheral module can be stopped to make a transition to a power-down
mode.

e Transition function to power-down mode

Transition to a power-down mode is possible to stop the CPU, peripheral modules, and
oscillator.

e Four power-down modes
Sleep mode
All-module-clock-stop mode
Software standby mode

Hardware standby mode
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Table 19.1 shows conditions for making a transition to a power-down mode, states of the CPU and
peripheral modules, and clearing method for each mode. After the reset state, since this LSI
operates in normal program execution state, the modules other than the DTC or DMAC are

stopped.

Table19.1 Operating States

All-Module-Clock- Software Standby Hardware

Operating State  Sleep Mode Stop Mode Mode Standby Mode
Transition Control register +  Control register + Control register +  Pin input
condition instruction instruction instruction

Cancellation Interrupt Interrupt** External interrupt

method

Oscillator Functioning Functioning Halted Halted
CPU Halted (retained) Halted (retained) Halted (retained) Halted
Watchdog timer Functioning Functioning Halted (retained) Halted
8-bit timer Functioning Functioning** Halted (retained)  Halted
Other peripheral  Functioning Halted*' Halted*' Halted*’
modules

1/0 port Functioning Retained Retained Hi-Z

Notes: "Halted (retained)" in the table means that the internal register values are retained and
internal operations are suspended.

E S

SCI enters the reset state, and other peripheral modules retain their states.

External interrupt and some internal interrupts (8-bit timer and watchdog timer)
All peripheral modules enter the reset state.
"Functioning" or "Halted" is selectable through the setting of bits MSTPA11 to MSTPA8

in MSTPCRA. However, pin output is disabled even when "Functioning" is selected.
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STBY pin = low
STBY pin = high
Reset state <
_/ RES pin = low Hardware standby mode
SSBY =0
RES pin = high
SLEEP |~
instruction [~ Sleep mode
! Il interrupts SSBY =0, ACSE =1

MSTPCR = H'F[0-FIFFFFFF

SLEEP instruction

\

All-module-clock-

Program execution state
Interrupt1 stop mode

LEEP instruction

SSBY =1

External

[~
interrupt+2 [~~~ Software standby mode

Program halted state

———— > Transition after exception handling

Notes: From any state, a transition to hardware standby mode occurs when STBY is driven low.
From any state except for hardware standby mode, a transition to the reset state occurs when RES is driven low.
1. NMI, IRQO to IRQ11, 8-bit timer interrupts, and watchdog timer interrupts.
The 8-bit timer is valid when bits MSTPCRA11 to MSTPCRAS are all cleared to 0.
2. NMI and IRQO to IRQ11. Note that IRQ is valid only when the corresponding bit in SSIER is set to 1.

Figure19.1 Mode Transitions

19.2 Register Descriptions

The registers related to the power-down modes are shown below. For details on the system clock
control register (SCKCR), see section 18.1.1, System Clock Control Register (SCKCR).

e Standby control register (SBYCR)

e Module stop control register A (MSTPCRA)
e Module stop control register B (MSTPCRB)
e Module stop control register C (MSTPCRC)
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19.21

Standby Control Register (SBYCR)

SBYCR controls software standby mode.

Bit 15 14 13 12 11 10 9 8

Bit Name SSBY OPE STS4 STS3 STS2 STST STSO

Initial Value 0 1 0 0 1 1 1 1

R/W R/W R/W R/W R/W RIW R/W R/W R/W

Bit 7 6 5 4 3 2 1 0

Bit Name SLPIE

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W RW R/W R/W RW

Initial

Bit Bit Name Value R/W Description

15 SSBY 0 R/W Software Standby
Specifies the transition mode after executing the SLEEP
instruction.
0: Shifts to sleep mode after the SLEEP instruction is

executed
1: Shifts to software standby mode after the SLEEP
instruction is executed

This bit does not change when clearing the software
standby mode by using external interrupts and shifting to
normal operation. For clearing, write 0 to this bit. When
the WDT is used as the watchdog timer, the setting of this
bit is disabled. In this case, a transition is always made to
sleep mode or all-module-clock-stop mode after the
SLEEP instruction is executed. When the SLPIE bit is set
to 1, this bit should be cleared to 0.

14 OPE 1 R/W Output Port Enable

Specifies whether the output of the address bus and bus
control signals (CS0 to CS7, AS, RD, HWR, and LWR) is
retained or set to the high-impedance state in software

standby mode.

0: In software standby mode, address bus and bus
control signals are high-impedance

1: In software standby mode, address bus and bus
control signals retain output state
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Initial
Bit Bit Name Value R/W Description
13 — 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
12 STS4 0 R/W Standby Timer Select 4 to 0
11 STS3 1 R/W These bits select the time the MCU waits for the clock to
10 STS2 1 R/W settle when software standby mode is cleared by an
external interrupt. With a crystal resonator, refer to table
9 STS1 1 R/W 19.2 and make a selection according to the operating
8 STSO 1 R/W frequency so that the standby time is at least equal to the

oscillation settling time. With an external clock, a PLL
circuit settling time is necessary. Refer to table 19.2 to set
the standby time.

While oscillation is being settled, the timer is counted on
the P¢ clock frequency. Careful consideration is required
in multi-clock mode.

00000: Reserved

00001: Reserved

00010: Reserved

00011: Reserved

00100: Reserved

00101: Standby time = 64 states
00110: Standby time = 512 states
00111: Standby time = 1024 states
01000: Standby time = 2048 states
01001: Standby time = 4096 states
01010: Standby time = 16384 states
01011: Standby time = 32768 states
01100: Standby time = 65536 states
01101: Standby time = 131072 states
01110: Standby time = 262144 states
01111: Standby time = 524288 states
1XXXX: Reserved
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Initial
Bit Bit Name Value R/W Description

7 SLPIE 0 R/W Sleep Instruction Exception Handling Enable

Selects whether the execution of a SLEEP instruction
causes sleep instruction exception handling, with the
transition to power-down mode inhibited, or causes a
transition to power-down mode.

0: The execution of a SLEEP instruction does not initiate
sleep instruction exception handling and causes a
transition to power-down mode.

1: The execution of a SLEEP instruction initiates sleep
instruction exception handling and does not cause a
transition to power-down mode. After execution of the
sleep instruction exception handling, this bit remains
set to 1. Clear the bit by writing 0 to this bit.

6to0 — AllO R/W Reserved

These bits are always read as 0. The write value should
always be 0.

Note: X: Don't care

19.22 Module Stop Control Registers A, B (MSTPCRA, MSTPCRB)

MSTPCRA and MSTPCRB control module stop mode. Setting a bit to 1 makes the corresponding
module enter module stop mode, while clearing the bit to 0 clears module stop mode.

e MSTPCRA

Bit 15 14 13 12 11 10 9 8

Bit Name ACSE MSTPA14 MSTPA13 MSTPA12 MSTPA11 MSTPA10 MSTPA9 MSTPA8
Initial Value 0 0 0 0 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name MSTPA7 MSTPA6 MSTPAS MSTPA4 MSTPA3 MSTPA2 MSTPA1 MSTPAO
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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e MSTPCRB
Bit 15 14 13 12 11 10 9 8
Bit Name | MSTPB15 | MSTPB14 | MSTPB13 | MSTPB12 | MSTPB11 | MSTPB10 | MSTPB9 | MSTPBS
Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W RIW R/W
Bit 7 6 4 3 2 1 0
Bit Name | MSTPB7 | MSTPB6 | MSTPB5 | MSTPB4 | MSTPB3 | MSTPB2 | MSTPBi MSTPBO
Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
e MSTPCRA
Initial
Bit Bit Name Value R/W Module
15 ACSE 0 R/W All-Module-Clock-Stop Mode Enable
Enables/disables all-module-clock-stop mode for
reducing current consumption by stopping the bus
controller and I/O ports operations when the CPU
executes the SLEEP instruction after module stop mode
has been set for all the on-chip peripheral modules
controlled by MSTPCR.
0: All-module-clock-stop mode disabled
1: All-module-clock-stop mode enabled
14 MSTPA14 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
13 MSTPA13 0 R/W DMA controller (DMAC)
12 MSTPA12 0 R/W Data transfer controller (DTC)
11 MSTPA11 1 R/W Reserved
10 MSTPA10 1 R/W These bits are always read as 1. The write value should
always be 1.
9 MSTPA9 1 R/W 8-bit timer (TMR_3 and TMR_2)
8 MSTPA8 1 R/W 8-bit timer (TMR_1 and TMR_0)
7 MSTPA7 1 R/W Reserved
6 MSTPA6 1 R/W These bits are always read as 1. The write value should

always be 1.
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Initial
Bit Bit Name Value R/W Module
5 MSTPA5 1 R/W D/A converter (channels 1 and 0)
4 MSTPA4 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
MSTPA3 1 R/W A/D converter (unit 0)
MSTPA2 A1 R/W Reserved
MSTPA1 1 R/W These bits are always read as 1. The write value should
always be 1.
0 MSTPAO 1 R/W 16-bit timer pulse unit (TPU channels 5 to 0)
e MSTPCRB
Initial
Bit Bit Name Value R/W Module
15 MSTPB15 1 R/W Programmable pulse generator (PPG)
14 MSTPB14 1 R/W Reserved
13 MSTPB13 1 R/W These bits are always read as 1. The write value should
always be 1.
12 MSTPB12 1 R/W Serial communication interface_4 (SCI_4)
11 MSTPB11 1 R/W Serial communication interface_3 (SCI_3)
10 MSTPB10 1 R/W Serial communication interface_2 (SCI_2)
9 MSTPB9 1 R/W Serial communication interface_1 (SCI_1)
8 MSTPB8 1 R/W Serial communication interface_0 (SCI_0)
7 MSTPB7 1 R/W Reserved
6 MSTPB6 1 R/W These bits are always read as 1. The write value should
5 MSTPB5 1 rw  awaysbed.
4 MSTPB4 1 R/W
3 MSTPB3 1 R/W
2 MSTPB2 1 R/W
1 MSTPB1 1 R/W
0 MSTPBO 1 R/W
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19.2.3 Module Stop Control Register C (MSTPCRC)

When bits MSTPC4 to MSTPCO are set to 1, the corresponding on-chip RAM stops. Do not set
the corresponding MSTPC4 to MSTPCO bits to 1 while accessing on-chip RAM.

Bit 15 14 13 12 11 10 9 8
Bit Name | MSTPC15 | MSTPC14 | MSTPC13 | MSTPC12 | MSTPC11 | MSTPC10 | MSTPC9 | MSTPC8
Initial Value 1 1 1 1 1 1 1 1
R/W R/W RW R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name MSTPC7 | MSTPC6 | MSTPC5 | MSTPC4 | MSTPC3 | MSTPC2 | MSTPCH MSTPCO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W RW R/W R/W R/W R/W R/W R/W

Initial

Bit Bit Name Value R/W Module

15 MSTPC15 1 R/W Reserved

14 MSTPC14 1 R/W These bits are always read as 1. The write value should
13 MSTPC13 1 rw  awaysbel.

12 MSTPC12 1 R/W

11 MSTPC11 1 R/W

10 MSTPC10 1 R/W

9 MSTPC9 1 R/W

8 MSTPC8 1 R/W

7 MSTPC7 O R/W Reserved

6 MSTPC6 0 R/W These bits are always read as 0. The write value should
5 MSTPC5 0 rRw  alwaysbeO.

4 MSTPC4 0 R/W On-chip RAM_4 (H'FFF2000 to H'FFF3FFF)

3 MSTPC3 0 R/W On-chip RAM_3 (H'FFF4000 to H'FFF5FFF)

2 MSTPC2 0 R/W On-chip RAM_2 (H'FFF6000 to H'FFF7FFF)

1 MSTPC1 O R/W On-chip RAM_1 (H'FFF8000 to H'FFFIFFF)

0 MSTPCO O R/W On-chip RAM_0 (H'FFFA000 to H'FFFBFFF)
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19.3 Multi-Clock Function

‘When bits ICK2 to ICKO, PCK2 to PCKO0, and BCK2 to BCKO in SCKCR are set, a transition is
made to multi-clock mode at the end of the bus cycle. In multi-clock mode, the CPU and bus
masters operate on the operating clock specified by bits ICK2 to ICKO. The peripheral modules
operate on the operating clock specified by bits PCK2 to PCKO. The external bus operates on the
operating clock specified by bits BCK2 to BCKO.

Even if the frequencies specified by bits PCK2 to PCKO and BCK2 to BCKO are higher than the
frequency specified by bits ICK2 to ICKO, the specified values are not reflected in the peripheral
module and external bus clocks. The peripheral module and external bus clocks are restricted to
the operating clock specified by bits ICK2 to ICKO.

Multi-clock mode is cleared by clearing all of bits ICK2 to ICKO0, PCK2 to PCKO, and BCK2 to
BCKO to 0. A transition is made to normal mode at the end of the bus cycle, and multi-clock mode
is cleared.

If a SLEEP instruction is executed while the SSBY bit in SBYCR is cleared to 0, this LSI enters
sleep mode. When sleep mode is cleared by an interrupt, multi-clock mode is restored.

If a SLEEP instruction is executed while the SSBY bit in SBYCR is set to 1, this LSI enters
software standby mode. When software standby mode is cleared by an external interrupt, multi-
clock mode is restored.

When the RES pin is driven low, the reset state is entered and multi-clock mode is cleared. The
same applies to a reset caused by watchdog timer overflow.

When the STBY pin is driven low, a transition is made to hardware standby mode.
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19.4  Sleep Mode

19.4.1 Transition to Sleep Mode

When the SLEEP instruction is executed when the SSBY bit in SBYCR is 0, the CPU enters sleep
mode. In sleep mode, CPU operation stops but the contents of the CPU's internal registers are
retained. Other peripheral functions do not stop.

19.4.2 Clearing Sleep Mode

Sleep mode is exited by any interrupt, signals on the RES or STBY pin, and a reset caused by a
watchdog timer overflow.

1. Clearing by interrupt

When an interrupt occurs, sleep mode is exited and interrupt exception processing starts. Sleep
mode is not exited if the interrupt is disabled, or interrupts other than NMI are masked by the
CPU.

2. Clearing by RES pin
Setting the RES pin level low selects the reset state. After the stipulated reset input duration,
driving the RES pin high makes the CPU start the reset exception processing.

3. Clearing by STBY pin
When the STBY pin level is driven low, a transition is made to hardware standby mode.

4. Clearing by reset caused by watchdog timer overflow

Sleep mode is exited by an internal reset caused by a watchdog timer overflow.
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195 Software Standby Mode

19.5.1 Transition to Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBYCR is set to 1, software standby
mode is entered. In this mode, the CPU, on-chip peripheral functions, and oscillator all stop.
However, the contents of the CPU's internal registers, on-chip RAM data, and the states of on-chip
peripheral functions other than the SCI, and the states of the I/O ports, are retained. Whether the
address bus and bus control signals are placed in the high-impedance state or retain the output
state can be specified by the OPE bit in SBYCR. In this mode the oscillator stops, allowing power
consumption to be significantly reduced.

If the WDT is used as a watchdog timer, it is impossible to make a transition to software standby
mode. The WDT should be stopped before the SLEEP instruction execution.

19.5.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRQ11%), or
by means of the RES pin or STBY pin.

1. Clearing by interrupt
When an NMI or IRQO to IRQ11* interrupt request signal is input, clock oscillation starts, and
after the elapse of the time set in bits STS4 to STSO in SBYCR, stable clocks are supplied to
the entire LSI, software standby mode is cleared, and interrupt exception handling is started.
When clearing software standby mode with an IRQO to IRQ11* interrupt, set the
corresponding enable bit to 1 and ensure that no interrupt with a higher priority than interrupts
IRQO to IRQ11* is generated. Software standby mode cannot be cleared if the interrupt has
been masked on the CPU side or has been designated as a DTC activation source.
Note: * By setting the SSIn bit in SSIER to 1, IRQO to IRQ11 can be used as a software

standby mode clearing source.

2. Clearing by RES pin
When the RES pin is driven low, clock oscillation is started. At the same time as clock
oscillation starts, clocks are supplied to the entire LSI. Note that the RES pin must be held low
until clock oscillation settles. When the RES pin goes high, the CPU begins reset exception
handling.

3. Clearing by STBY pin

When the STBY pin is driven low, a transition is made to hardware standby mode.
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19.5.3  Setting Oscillation Settling Time after Clearing Softwar e Standby M ode

Bits STS4 to STSO in SBYCR should be set as described below.

1. Using a crystal resonator

Set bits STS4 to STSO so that the standby time is at least equal to the oscillation settling time.

Table 19.2 shows the standby times for operating frequencies and settings of bits STS4 to

STSO.
2. Using an external clock

A PLL circuit settling time is necessary. Refer to table 19.2 to set the standby time.

Table19.2 Oscillation Settling Time Settings

Standby P¢" [MHz]
STS4 STS3 STS2 STS1 STSO Time 35 25 20 Unit
0 0 0 0 0 Reserved — — — us
1 Reserved — — —
1 0 Reserved — — —
1 Reserved — — —
1 0 0 Reserved — — —
1 64 1.8 2.6 3.2
1 0 512 14.6 20.5 25.6
1 1024 29.3 41.0 51.2
1 0 0 0 2048 58.5 81.9 102.4
1 4096 0.12 0.16 0.20 ms
1 0 16384 0.47 0.66 0.82
1 32768 0.94 1.31 1.64
1 0 0 65536 1.87 2.62 3.28
1 131072  3.74 5.24 6.55
1 0 262144 7.49 10.49 13.11
1 524288 14.98 20.97 26.21
1 0 0 0 0 Reserved — — —

|:| : Recommended time setting when using a crystal resonator.
I:I : Recommended time setting when using an external clock.
Note: * P¢ is the output from the peripheral module frequency divider.
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Standby P¢* [MHz]
STS4 STS3 STS2 STS1 STSO Time 13 10 8 Unit
0 0 0 0 0 Reserved — — — us
1 Reserved — — —
1 0 Reserved — — —
1 Reserved — — —
1 0 0 Reserved — — —
1 64 4.9 6.4 8.0
1 0 512 39.4 51.2 64.0
1 1024 78.8 102.4 128.0
1 0 0 0 2048 157.5 204.8 256.0
1 4096 0.32 0.41 0.51 ms
1 0 16384 1.26 1.64 2.05
1 32765 2.52 3.28 4.10
1 0 0 65536 5.04 6.55 8.19
1 131072 10.08 13.11 16.38
1 0 262144 20.16 26.21 32.77
1 524288 40.33 52.43 65.54
1 0 0 0 0 Reserved — — —

[ |: Recommended time setting when using a crystal resonator.
I:l : Recommended time setting when using an external clock.
Note: * ¢ is the output from the peripheral module frequency divider.
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1954  Software Standby Mode Application Example

Figure 19.2 shows an example in which a transition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI
pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in INTCR cleared to 0 (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.

osaitator [ | | [ [ [{[]]]] ’ AT
))

o T {'(’ s
NMI 1 . $

))

(
)
NMIEG I

((

SSBY | ”

NMI exception Software standby mode |—— NMI exception
handling (power-down mode) Oscillation handling
NMIEG = 1 settling time

SSBY =1 tosca

SLEEP instruction

Figure19.2 Software Standby Mode Application Example
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19.6 Hardware Standby Mode

19.6.1 Transition to Hardware Standby M ode
When the STBY pin is driven low, a transition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power consumption. As long as the prescribed voltage is supplied, on-chip
RAM data is retained. I/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SYSCR should be cleared to 0 before
driving the STBY pin low. Do not change the state of the mode pins (MD2 to MDO) while this
LSI is in hardware standby mode.

19.6.2 Clearing Hardware Standby Mode

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is entered and clock oscillation is
started. Ensure that the RES pin is held low until clock oscillation settles (for details on the
oscillation settling time, refer to table 19.2). When the RES pin is subsequently driven high, a
transition is made to the program execution state via the reset exception handling state.

19.6.3 Hardware Standby Mode Timing
Figure 19.3 shows an example of hardware standby mode timing.

When the STBY pin is driven low after the RES pin has been driven low, a transition is made to
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin high,
waiting for the oscillation settling time, then changing the RES pin from low to high.

osaitator | | | [[][][]]]] " AT
m | (( |

))

’ i

))

Oscillation Reset
settling time exception handling

Figure19.3 Hardware Standby Mode Timing
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19.6.4 Timing Sequence at Power-On
Figure 19.4 shows the timing sequence at power-on.

At power-on, the RES pin must be driven low with the STBY pin driven high for a given time in
order to clear the reset state.

To enter hardware standby mode immediately after power-on, drive the STBY pin low after
exiting the reset state.

For details on clearing hardware standby mode, see section 19.6.3, Hardware Standby Mode
Timing.

(3 Power supply l

RES |

@ Reset state !
STBY | |
i

I@ Hardware standby mode

Figure19.4 Timing Sequence at Power-On
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19.7 Module Stop Mode

19.71  Module Stop Mode
Module stop mode can be set for individual on-chip peripheral modules.

When the corresponding MSTP bit in MSTPCRA, MSTPCRB, or MSTPCRC is set to 1, module
operation stops at the end of the bus cycle and a transition is made to module stop mode. The CPU
continues operating independently.

When the corresponding MSTP bit is cleared to 0, module stop mode is cleared and the module
starts operating at the end of the bus cycle. In module stop mode, the internal states of modules
other than the SCIT are retained.

After the reset state is cleared, all modules other than the DTC, DMAC, or on-chip RAM are in
module stop mode.

The registers of the module for which module stop mode is selected cannot be read from or written
to.

19.7.2  All-Module-Clock-Stop M ode

When the ACSE bit is set to 1 and all modules controlled by MSTPCR are stopped (MSTPCRA,
MSTPCRB = HFFFFFFFF), or all modules except for the 8-bit timer are stopped (MSTPCRA,
MSTPCRB = H'F[0 to F]JFFFFFF), executing a SLEEP instruction with the SSBY bit in SBYCR
cleared to 0 will cause all modules (except for the 8-bit timer* and watchdog timer), the bus
controller, and the I/O ports to stop operating, and to make a transition to all-module-clock-stop
mode at the end of the bus cycle.

All-module-clock-stop mode is cleared by an external interrupt (NMI or IRQO to IRQ11 pins),
RES pin input, or an internal interrupt (8-bit timer* or watchdog timer), and the CPU returns to the
normal program execution state via the exception handling state. All-module-clock-stop mode is
not cleared if interrupts are disabled, if interrupts other than NMI are masked on the CPU side, or
if the relevant interrupt is designated as a DTC activation source.

When the STBY pin is driven low, a transition is made to hardware standby mode.

Note: * Operation or halting of the 8-bit timer can be selected by bits MSTPA11 to MSTPAS in
MSTPCRA.
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19.8  Sleep Instruction Exception Handling

Sleep instruction exception handling is exception handling that is initiated by the execution of a
SLEEP instruction. Sleep instruction exception handling is always accepted while the program is
in execution.

When the SLPIE bit is set to 0, the execution of a SLEEP instruction does not initiate sleep
instruction exception handling. Instead, the CPU enters the power-down state. After this,
generation of an exception handling request that cancels the power-down state causes the power-
down state to be canceled, after which the CPU starts to handle the exception. When the SLPIE bit
is set to 1, sleep instruction exception handling starts after the execution of a SLEEP instruction.
Transitions to the power-down state are inhibited when sleep instruction exception handling is
initiated, and the CPU immediately starts sleep instruction exception handling.

‘When a SLEEP instruction is executed while the SLPIE bit is cleared to 0, a transition is made to
the power-down state. The power-down state is canceled by a canceling factor interrupt (see figure
19.5).

When a canceling factor interrupt is generated immediately before the execution of a SLEEP
instruction, exception handling for the interrupt starts. When execution returns from the exception
service routine, the SLEEP instruction is executed to enter the power-down state. In this case, the
power-down state is not canceled until the next canceling factor interrupt is generated (see figure
19.6).

When the SLPIE bit is set to 1 in the service routine for a canceling factor interrupt so that the
execution of a SLEEP instruction will produce sleep instruction exception handling, the operation
of the system is as shown in figure 19.7. Even if a canceling factor interrupt is generated
immediately before the SLEEP instruction is executed, sleep instruction exception handling is
initiated by execution of the SLEEP instruction. Therefore, the CPU executes the instruction that
follows the SLEEP instruction after sleep instruction exception and exception service routine
without shifting to the power-down state.

When the SLPIE bit is set to 1 to start sleep exception handling, clear the SSBY bit in SBYCR
to 0.
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SLPIE=0

Instruction before SLEEP instruction

Y

SLEEP instruction executed (SLPIE = 0)

Transition by exception handling

Y

Interrupt handling

RTE instruction executed |

Instruction after SLEEP instruction

Figure19.5 When Canceling Factor Interrupt is Generated
after SLEEP Instruction Execution
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Instruction before SLEEP instruction

Yes Transition by exception handling
Canceling factor interrupt v
No Interrupt handling

RTE instruction executed |

\

SLEEP instruction executed (SLPIE = 0)

Return from the power-
down state after the next
canceling factor interrupt
is generated

Transition by exception handling

\

Interrupt handling

RTE instruction executed |

Instruction after SLEEP instruction

Figure19.6 When Canceling Factor Interrupt is Generated
before SLEEP I nstruction Execution (Sleep I nstruction Exception Handling Not I nitiated)
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SLPIE=0

Instruction before SLEEP instruction

Yes Transition by exception handling
Canceling factor interrupt *
Interrupt handlin SLPIE =1
No ° SSBY =0

RTE instruction executed |

\
SLEEP instruction executed (SLPIE = 1)

Transition by exception handling

Sleep instruction
exceotion handling

* Vector Number 18

Exception servise routine

RTE instruction executed |

1

Instruction after SLEEP instruction

Figure 19.7 When Canceling Factor Interrupt is Generated
before SLEEP Instruction Execution (Sleep Instruction Exception Handling I nitiated)
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19.9 B¢ Clock Output Control

Output of the B¢ clock can be controlled by bits PSTOP1 and POSEL1 in SCKCR, and DDR for
the corresponding PA7 pin.

Clearing both bits PSTOP1 and POSELI1 to O enables the B¢ clock output on the PA7 pin. When
bit PSTOP1 is set to 1, the B¢ clock output stops at the end of the bus cycle, and the B¢ clock
output goes high. When DDR for the PA7 pin is cleared to 0, the B¢ clock output is disabled and
the pin becomes an input port.

Tables 19.3 shows the states of the B¢ pin in each processing state.

Table19.3 B¢ Pin (PA7) Statein Each Processing State

All- Software
Register Setting Value Normal Module- Standby Mode Hardware
Operating Sleep Clock- Standby
DDR PSTOP1 POSEL1  State Mode Stop Mode OPE=0 OPE=1 Mode
0 X X Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
1 0 0 B¢ output B¢ output B¢ output  High High Hi-Z
1 0 1 Setting Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited prohibited
1 1 X High High High High High Hi-Z
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19.10 Usage Notes

19.10.1 /O Port Status

In software standby mode, the I/O port states are retained. Therefore, there is no reduction in
current consumption for the output current when a high-level signal is output.

19.10.2 Current Consumption during Oscillation Settling Standby Period

Current consumption increases during the oscillation settling standby period.

19.10.3 Module Stop Mode of DMAC or DTC

Depending on the operating state of the DMAC and DTC, bits MSTPA13 and MSTPA12 may not
be set to 1, respectively. The module stop mode setting for the DMAC or DTC should be carried
out only when the DMAC or DTC is not activated.

For details, refer to section 7, DMA Controller (DMAC), and section 8, Data Transfer Controller
(DTC).

19.10.4 On-Chip Peripheral Module Interrupts

Relevant interrupt operations cannot be performed in module stop mode. Consequently, if module
stop mode is entered when an interrupt has been requested, it will not be possible to clear the CPU
interrupt source or the DMAC or DTC activation source. Interrupts should therefore be disabled
before entering module stop mode.

19.10.5 Writingto MSTPCRA, MSTPCRB, and MSTPCRC

MSTPCRA, MSTPCRB, and MSTPCRC should only be written to by the CPU.
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Section 20 List of Registers

The register list gives information on the on-chip I/O register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register addresses (address order)
e Registers are listed from the lower allocation addresses.
e Registers are classified according to functional modules.

e The number of Access Cycles indicates the number of states based on the specified reference
clock. For details, refer to section 6.5.4, External Bus Interface.

e Among the internal I/O register area, addresses not listed in the list of registers are undefined
or reserved addresses. Undefined and reserved addresses cannot be accessed. Do not access
these addresses; otherwise, the operation when accessing these bits and subsequent operations
cannot be guaranteed.

2. Register bits
e Bit configurations of the registers are listed in the same order as the register addresses.
e Reserved bits are indicated by — in the bit name column.

e Space in the bit name field indicates that the entire register is allocated to either the counter or
data.

o For the registers of 16 or 32 bits, the MSB is listed first.
Byte configuration description order is subject to big endian.

3. Register states in each operating mode

e Register states are listed in the same order as the register addresses.

e For the initialized state of each bit, refer to the register description in the corresponding
section.

o The register states shown here are for the basic operating modes. If there is a specific reset for
an on-chip peripheral module, refer to the section on that on-chip peripheral module.
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20.1 Register Addresses (AddressOrder)

Access
Number of Data Cycles

Register Name Abbreviation Bits Address Module Width  (Read/Write)
Port 1 data direction register P1DDR 8 H'FFB80 1/0 port 8 2Po/2P¢
Port 2 data direction register P2DDR 8 H'FFB81 1/0 port 8 2Po/2P¢
Port 3 data direction register P3DDR 8 H'FFB82 1/0 port 8 2Po/2P¢
Port 6 data direction register P6DDR 8 H'FFB85 1/0 port 8 2Po/2P¢
Port A data direction register PADDR 8 H'FFB89 1/0 port 8 2Po/2P¢
Port B data direction register PBDDR 8 H'FFB8A 1/0 port 8 2Po/2P¢
Port D data direction register PDDDR 8 H'FFB8C 1/0 port 8 2P¢/2P¢
Port E data direction register PEDDR 8 H'FFB8D 1/0 port 8 2Po/2P¢
Port F data direction register PFDDR 8 H'FFB8E 1/0 port 8 2P¢/2P¢
Port 1 input buffer control register P1ICR 8 H'FFB90 1/0 port 8 2P¢/2P¢
Port 2 input buffer control register P2ICR 8 H'FFB91 1/0 port 8 2P¢/2P¢
Port 3 input buffer control register P3ICR 8 H'FFB92 1/0 port 8 2P¢/2P¢
Port 5 input buffer control register P5ICR 8 H'FFB94 1/0 port 8 2P¢/2P¢
Port 6 input buffer control register P6ICR 8 H'FFB95 1/0 port 8 2Py/2P¢
Port A input buffer control register PAICR 8 H'FFB99 1/0 port 8 2Po/2P¢
Port B input buffer control register PBICR 8 H'FFB9A I/O port 8 2Po/2P¢
Port D input buffer control register PDICR 8 H'FFB9C 1/O port 8 2P¢/2P¢
Port E input buffer control register PEICR 8 H'FFB9D 1/O port 8 2Po/2P¢
Port F input buffer control register PFICR 8 H'FFB9E 1/O port 8 2Po/2P¢
Port H register PORTH 8 H'FFBAO 1/0 port 8 2Py/2P¢
Port | register PORTI 8 H'FFBA1 1/0 port 8 2P¢/2P¢
Port H data register PHDR 8 H'FFBA4 1/0 port 8 2P¢/2P¢
Port | data register PIDR 8 H'FFBA5 1/0 port 8 2Po/2P¢
Port H data direction register PH