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keep safety first in your circuit designs !

e Mitsubishi Electric Corporation puts the maximum effort into making semiconductor
products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury,
fire or property damage. Remember to give due consideration to safety when
making your circuit designs, with appropriate measures such as (i) placement
of substitutive, auxiliary circuits, (ii) use of non-flammable material or (iii) prevention
against any malfunction or mishap.

Notes regarding these materials
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application; they do not convey any license under any intellectual property rights,
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infringement of any third-party’s rights, originating in the use of any product
data, diagrams, charts or circuit application examples contained in these materials.

e All information contained in these materials, including product data, diagrams
and charts, represent information on products at the time of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without
notice due to product improvements or other reasons. It is therefore recommended
that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

e Mitsubishi Electric Corporation semiconductors are not designed or manufactured
for use in a device or system that is used under circumstances in which human
life is potentially at stake. Please contact Mitsubishi Electric Corporation or an
authorized Mitsubishi Semiconductor product distributor when considering the
use of a product contained herein for any specific purposes, such as apparatus
or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea
repeater use.

e The prior written approval of Mitsubishi Electric Corporation is necessary to
reprint or reproduce in whole or in part these materials.

e If these products or technologies are subject to the Japanese export control
restrictions, they must be exported under a license from the Japanese government
and cannot be imported into a country other than the approved destination.
Any diversion or reexport contrary to the export control laws and regulations of
JAPAN and/or the country of destination is prohibited.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor for further details on these materials or the
products contained therein.
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Preface

This manual describes the hardware of the Mitsubishi
CMOS 16-bit microcomputers 7721 Group. After
reading this manual, the user will be able to understand
the functions, so that their capabilities can fully be
utilized.



BEFORE USING THIS MANUAL

1. Constitution
This user’s manual consists of the following chapters. Refer to the chapters relevant to the products.

e Chapter 1. DESCRIPTION through Chapter 16. APPLICATION
Functions which are common to the M37721S1BFP and the M37721S2BFP are explained, using the
M37721S2BFP as an example.
Differences between the M37721S1BFP and the M37721S2BFP are described as notes.

e Appendix
Practical information for using the 7721 Group is described.

2. Remark

e Product expansion
Refer to the latest catalog and data book, or contact the appropriate office, as listed in “CONTACT
ADDRESSES FOR FURTHER INFORMATION" on the last page.

e Electrical characteristics
Refer to the latest data book.

e Software
Refer to “7700 Family Software Manual.”

e Development support tools
Refer to the latest data book of the development support tools.

3. Signal levels in Figure
As a rule, signal levels in each operation example and timing diagram are as follows.

 Signal levels

The upper line indicates “1,” and the lower line indicates “0.”
* Input/output levels of pin

The upper line indicates “H,” and the lower line indicates “L.”

For the exception, the level is shown on the left side of a signal.



4. Register structure
Below is the structure diagram for all registers:

01

b7 b6 b5 b4 b3 b2 bl

02

U3

XXX register (Address XXzs)

............. 3 | Fix this bit to “0.”
............. 4 | This bit is invalid in ... mode.

------------- 7 to 5| Nothing is assigned. \ Undefined|  —

Bit Bit name Functions Qt re%t (RW)

v---4{ 0 |...select bit 0 RW

R 1 | .. select bit Undefined| WO

he value {5 “0” &t reading.

____________ 2 |...flag

POl O| PO

04

: Set to “0” or “1” according to the usage.

: Set to “0” at writing.

: Set to “1” at writing.

: Invalid depending on the mode or state. It may be “0” or “1.”
: Nothing is assigned.

0 1 “0” immediately after reset.

1 1 “1” immediately after reset.

Undefined : Undefined immediately after reset.

RW . It is possible to read the bit state at reading. The written value becomes valid.

RO . It is possible to read the bit state at reading. The written value becomes invalid. Accordingly, the written
value may be “0” or “1.”

WO : The written value becomes valid. It is impossible to read the bit state. The value is undefined at reading.

However, when [‘0” at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See [4 above.)

. It is impossible to read the bit state. The value is undefined at reading.

However, when [‘0” at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See [14 above.)
The written value becomes invalid. Accordingly, the written value may be “0” or “1.”
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DESCRIPTION

1.1 Performance overview

1.1 Performance overview
Table 1.1.1 lists the performance overview of the M37721.

Table 1.1.1 M37721 performance overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time

160 ns (the minimum instruction at f(Xw) = 25 MHz)

External clock input frequency f(X)

25 MHz (maximum)

Memory sizes ROM External
M37721S2BFP  [1024 bytes
RAM M37721S1BFP  |512 bytes
Programmable Input/Output P5-P10 8 bits 0 6
ports P4 5 bits 01
Multifunctional timers TAO-TA4 16 bits 0 5
TBO-TB2 16 bits O 3

Serial 1/0

UARTO, UART1

(UART or clock synchronous serial I/0) O 2

A-D converter

8-bit successive approximation method O 1 (8 channels)

Watchdog timer

12 bits 0 1

DMA controller

4 channels

Maximum transfer rate : 12.5 Mbytes/sec.
(at f(Xin) = 25 MHz, 1-bus cycle transfer)
Maximum transfer rate : 6.25 Mbytes/sec.
(at f(Xin) = 25 MHz, 2-bus cycle transfer)

DRAM controller

CAS before RAS refreshing method

Real-time output

4 bits O 2 channels
or 6 bits 0 1 channel + 2 bits O 1 channel

Interrupts

3 external, 20 internal (priority levels 0 to 7 can
be set for each interrupt with software)

Clock generating circuit

Built-in (externally connected to a ceramic
resonator or a quartz-crystal oscillator)

Supply voltage

SV +10 %

Power dissipation

135 mW (at f(Xin) = 25 MHz, typ.)

Port Input/Output
characteristics

Input/Output withstand voltage

SV

Output current

5 mA

Memory expansion

Maximum 16 Mbytes

Operating temperature range

—20°C to 85°C

Device structure

CMOS high-performance silicon gate process

Package

100-pin plastic molded QFP
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DESCRIPTION

1.2 Pin configuration

1.2 Pin configuration
Figure 1.2.1 shows the M37721S2BFP pin configuration.

2 g P
> 9 9
TTUTVDVUVUUL PRI Bd S
sdadadada > D039 T0D
SEB3333<c2s2 922549272
£ELEEZEZEZBlg853883Yz9FUVRrD
EEREEEETR N AR EEE
o CCEEooonoConoCRaccl
P6:/RTPLs <= [1] " [80] <> P8//TxD:
P66/RTP1, <> [ 2| O Q [ 79] <> P9./DMAACKO
P6s/RTP1:1 <> [ 3| [ 78 | <> P9:/DMAREQO
P64/RTPLo <> [ 4| [77] <> P9:/DMAACK1
P63/RTPOs <> [ 5 | [ 76 | <> P9s/DMAREQ1
P62/RTPO, <> [ 6 | [ 75 ] <> P9./DMAACK2
P61/RTPO; <> [ 7 | [72] <> P9s/DMAREQ2
P60/RTPQo <> [ 8 | [ 73] <> P9:/DMAACK3
P57/TB1n <> [ 9| | 72] <> P9//DMAREQ3
P56/ TBON <> E z —> Ao/MAo
P5s/TA4n <> [ 11] = [70] — AUMA:
P54/TAdour <> l=2 w [ 69 | —> A2/MA:2
P53/TA3N <> | 13 ] ~ 68 | —> Asz/MAs
P52/TA3our <> | 14] ~ [ 67 [ —> A4/MA4
P5/TA2N <> E N E —> As/MAs
P50/TA20ur <> [ 16] ('7) 65 ] — As/MAs
P107/MAs <> z N E — A7//MA7
PlOe/Mi& -> i W | 63 | <> Ag/Ds
P10s/RAS <> | 19| T | 62 [ <> Ao/Ds
P104/CAS <> E m) E <> A1o/D1o
P10s/TC <> [ 21] [ 60 | <> A11/Dus
P102/INT2 <> z E <> A12/D12
P10:/INT: <> [ 23| [ 58 | <> A13/D1s
P100/INTo <> Z E <> A14/D1s
P4; <= [ 25 56 | <> Ais/D1s
P4s <> E E <> Ai6/Do
P45 <> z E <> A17/D1
P4, <> E E <> As/D2
P4s <> [29] Q [ 52 | <> A1o/Ds
1=<—/[30 51 | <> Az0/Da
0 E\\ y 51]
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Fig. 1.2.1 M37721S2BFP pin configuration (top view)
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DESCRIPTION

1.3 Pin description

1.3 Pin description

Tables 1.3.1 to 1.3.3 list the pin description.

Table 1.3.1 Pin description (1)

Pin Name Input/Output Functions

Vcce, Vss Power supply Supply 5V £10 % to Vcc pin and 0 V to Vss pin.

CNVss CNVss Input Connect to Vss or Vcc pin.

RESET Reset input Input The microcomputer is reset when supplying “L” level
to this pin.

RESETour | Reset output Output When input to RESET pin is “L,” this pin outputs “L.”
Output from this pin returns “H” after the release of
reset. When writing “1” to the software reset bit, this
pin outputs “L.”

Xin Clock input Input These are /O pins of the internal clock generating
circuit. Connect a ceramic resonator or quartz-crystal

Xoor Clock output Output oscillator between pins Xin and Xour. Whe.n using an
external clock, the clock source should be input to X
pin and Xour pin should be left open.

E Enable output Output Data/instruction code read or data write is performed
when output from this pin is “L” level.

BYTE Exernal data bus width |Input Input level to this pin determines whether the external

selection input data bus has a 16-bit width or an 8-bit width. The
width is 16 bits when the level is “L”, and 8 bits when
the level is “H".
STO Status signal output Output The bus use state is output in 2-bit code.
ST1 ST1| STO| Bus use state
0 0 DRAM refresh
0 1 Hold
1 0 DMA
1 1 CPU

AVce Analog supply input The power supply pin for the A-D converter. Connect

AVss AVcc to Vee pin. Connect AVss to Vss pin.

Vrer Reference voltage input | Input This is a reference voltage input pin for the A-D converter.

1-4
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DESCRIPTION

1.3 Pin description

Table 1.3.2 Pin description (2)

Pin Name Input/Output Functions
Ao/MA— Address low-order/ | Output Low-order 8 bits (Ao—A7) of the address are output.
A7/IMA7 DRAM address When the DRAM is accessed, the row and column
addresses are output with the time-sharing.
As/Ds— Address middle-order/ /O e External data bus width = 8 bits (When the BYTE
Ai1s/D1s data high-order pin is “H" level)
Middle-order 8 bits (As—Ais) of the address are output.
e External data bus width = 16 bits (When the BYTE
pin is “L” level)
Data (Ds—D1s) input/output and output of the middle-
order 8 bits (As—Ais) of the address are performed
with the time-sharing.
A1s/Do— Address high-order/ /0 Data (Do—D>7) input/output and output of the high-order
A23/D7 data low-order 8 bits (Aws—A23) of the address are performed with the
time-sharing.
R/W, Memory control signal | Output o R/W
BHE, output The Read/Write signal indicates the data bus state.
BLE, The state is read while this signal is “H” level, and
ALE write while this signal is “L” level.
e BHE
“L” level is output when an odd-numbered address is
accessed.
eBLE
“L” level is output when an even-numbered address
is accessed.
e ALE
This is used to obtain only the address from address
and data multiplex signals.
HOLD Hold input Input The microcomputer is in Hold state while “L” level is
input to the HOLD pin.
RDY Ready input Input The microcomputer is in Ready state while “L” level is
input to the RDY pin.
@ Clock @ output Output This is the @ output pin.

7721 Group User's Manual



DESCRIPTION

1.3 Pin description

Table 1.3.3 Pin description (3)

Pin Name Input/Output Functions
P4:—-P4; I/0 port P4 I/0 Port P4 is a 5-bit CMOS 1/O port. This port has an
I/O direction register and each pin can be programmed
for input or output.
P50—P57 I/O port P5 110 Port P5 is an 8-bit I/O port with the same function as
P4. These pins can be programmed as I/O pins for
Timers A2—-A4 and 1/O pins for Timers BO, B1.
P60—P67 I/O port P6 /0 Port P6 is an 8-bit I/O port with the same function as
P4. These pins can be programmed as output pins for
the real-time output.
P7-P7~ I/O port P7 /0 Port P7 is an 8-bit I/O port with the same function as
P4. These pins can be programmed as input pins for
A-D converter.

P80—P87 I/O port P8 /0 Port P8 is an 8-bit I/O port with the same function as
P4. These pins can be programmed as I/O pins for
Serial 1/0.

P90—P97 I/O port P9 I/0 Port P9 is an 8-bit I/O port with the same function as

P4. These pins can be programmed as I/O pins for
DMA controller.

P100— I/O port P10 I/0 Port P10 is an 8-bit I1/O port with the same function as
P10~ P4. These pins can be programmed as I/O pin for TC
and output pins for DRAM controller.

P100—P10: also function as input pins for INTo—INT-.
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DESCRIPTION

1.4 Block diagram

1.4 Block diagram

Figure 1.4.1 shows the M37721 block diagram.
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Note: For the M37721S1BFP, the RAM size is 512 bytes.

Fig. 1.4.1 M37721 block diagram

7721 Group User's Manual



DESCRIPTION
1.4 Block diagram

MEMORANDUM

7721 Group User’'s Manual



CHAPTER 2
CENTRAL
PROCESSING UNIT
(CPU)

2.1 Central processing unit
2.2 Bus interface unit

2.3 Access space

2.4 Memory assignment
2.5 Bus access right




CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1 Central processing unit
The CPU (Central Processing Unit) has the ten registers as shown in Figure 2.1.1.

-

Accumulator A (A)

Accumulator B (B)

Index register X (X)

Index register Y (Y)

Stack pointer (S)

Data bank register (DT)

Program counter (PC)

Program bank register (PG)

Direct page register (DPR)

Processor status register (PS)

b15 b8 b7 bo
AH AL
b15 b8 b7 b0
BH BL
b15 b8 b7 b0
XH XL
b15 b8 b7 b0
YH YL
b15 b8 b7 b0
SH SL
b7 b0
DT
b23 b16 b15 b8 b7 bo
PG PCH PCL
b7 : bo
b15 b8 b7 b0
DPRH DPRL
b15 b8 b7 bo
PSH PSL
b15 b10 b8 b7 b6 b5 b4 b3 b2 bl bo:
0 0 0 IPL N[V Im|x|D|I]|]Z]|C

Carry flag
Zero flag

Interrupt disable flag

Decimal mode flag

Index register length flag

Data length flag

Overflow flag
Negative flag

Processor interrupt priority level

Fig. 2.1.1 CPU registers structure
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1.1 Accumulator (Acc)
Accumulators A and B are available.

(1) Accumulator A (A)
Accumulator A is the main register of the microcomputer. The transaction of data such as calculation,
data transfer, and input/output are performed mainly through accumulator A. It consists of 16 bits,
and the low-order 8 bits can also be used separately. The data length flag (m) determines whether
the register is used as a 16-bit register or as an 8-bit register. When an 8-bit register is selected,
only the low-order 8 bits of accumulator A are used and the contents of the high-order 8 bits is
unchanged.

(2) Accumulator B (B)
Accumulator B is a 16-bit register with the same function as accumulator A. Accumulator B can be
used instead of accumulator A. The use of accumulator B, however except for some instructions,
requires more instruction bytes and execution cycles than that of accumulator A. Accumulator B is
also controlled by the data length flag (m) just as in accumulator A.

2.1.2 Index register X (X)

Index register X consists of 16 bits and the low-order 8 bits can also be used separately. The index register
length flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. When
an 8-bit register is selected, only the low-order 8 bits of index register X are used and the contents of the
high-order 8 bits is unchanged.

In an addressing mode in which index register X is used as an index register, the address obtained by
adding the contents of this register to the operand’s contents is accessed.

In the MVP or MVN instruction, a block transfer instruction, the contents of index register X indicate the
low-order 16 bits of the source address. The third byte of the instruction is the high-order 8 bits of the
source address.

Note: Refer to “7700 Family Software Manual” for addressing modes.

2.1.3 Index register Y (Y)

Index register Y is a 16-bit register with the same function as index register X. Just as in index register
X, the index register length flag (x) determines whether this register is used as a 16-bit register or as an
8-bit register.

In the MVP or MVN instruction, a block transfer instruction, the contents of index register Y indicate the
low-order 16 bits of the destination address. The second byte of the instruction is the high-order 8 bits of
the destination address.
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1.4 Stack pointer (S)

The stack pointer (S) is a 16-bit register. It is used for a subroutine call or an interrupt. It is also used when
addressing modes using the stack are executed. The contents of S indicate an address (stack area) for
storing registers during subroutine calls and interrupts. Stack area is selected by the stack bank select bit
described later (bit 7 at address 5Ei6). The stack area is specified to bank 0is when the stack bank select
bit is “0,” and the stack area is specified to bank FFis when it is “1.”

When an interrupt request is accepted, the microcomputer stores the contents of the program bank register
(PG) at the address indicated by the contents of S and decrements the contents of S by 1. Then the
contents of the program counter (PC) and the processor status register (PS) are stored. The contents of
S after accepting an interrupt request is equal to the contents of S decremented by 5 before the accepting
of the interrupt request. (Refer to “Figure 2.1.2.” )

When completing the process in the interrupt routine and returning to the original routine, the contents of
registers stored in the stack area are restored into the original registers in the reverse sequence (PS-PC - PG)
by executing the RTI instruction. The contents of S is returned to the state before accepting an interrupt
request.

The same operation is performed during a subroutine call, however, the contents of PS is not automatically
stored. (The contents of PG may not be stored. This depends on the addressing mode.)

The user should store registers other than those described above with software when the user needs them
during interrupts or subroutine calls.

Additionally, initialize S at the beginning of the program because its contents are undefined at reset. The
stack area changes when subroutines are nested or when multiple interrupt requests are accepted. Therefore,
make sure of the subroutine’s nesting depth not to destroy the necessary data.

Note: Refer to “7700 Family Software Manual” for addressing modes.

Stack area
Address

S-5

S—4 | Processor status register’s low-order byte (PSL)

S—3 | Processor status register’s high-order byte (PSH)

S-2 Program counter’s low-order byte (PCL)
S—-1 Program counter’s high-order byte (PCH)
S Program bank register (PG)

M

e “S” is the initial address that the stack pointer (S)
indicates at accepting an interrupt request.
The S’s contents become “S-5" after storing the
above registers.

Fig. 2.1.2 Stored registers of the stack area
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2.1.5 Program counter (PC)

The program counter is a 16-bit counter that indicates the low-order 16 bits of the address (24 bits) at
which an instruction to be executed next (in other words, an instruction to be read out from an instruction
queue buffer next) is stored. The contents of the high-order program counter (PCu) become “FFis,” and the
low-order program counter (PCL) becomes “FEis” at reset. The contents of the program counter becomes
the contents of the reset’s vector address (addresses FFFE1s, FFFF16) immediately after reset.

Figure 2.1.3 shows the program counter and the program bank register.

(b23) (b16)
b7 b0 b15 b8 b7 )

PG PCH PCL

Fig. 2.1.3 Program counter and program bank register

2.1.6 Program bank register (PG)

The access space is divided in units of 64 Kbytes. This unit is called “bank.” (Refer to section “2.3 Access
space.”)

The program bank register is an 8-bit register. This register indicates the high-order 8 bits (bank) of the
address (24 bits) at which an instruction to be executed next (in other words, an instruction to be read out
from an instruction queue buffer next) is stored. These 8 bits are called bank.

When a carry occurs after adding the contents of the program counter or adding the offset value to the
contents of the program counter in the branch instruction and others, the contents of the program bank
register is automatically incremented by 1. When a borrow occurs after subtracting the contents of the
program counter, the contents of the program bank register is automatically decremented by 1. Accordingly,
there is no need to consider bank boundaries in programming, usually.

This register is cleared to “0016” at reset.

2.1.7 Data bank register (DT)

The data bank register is an 8-bit register. In the following addressing modes using the data bank register,
the contents of this register is used as the high-order 8 bits (bank) of a 24-bit address to be accessed.
Use the LDT instruction to set a value to this register.

This register is cleared to “001" at reset.

e Addressing modes using data bank register
*Direct indirect
*Direct indexed X indirect
eDirect indirect indexed Y
*Absolute
*Absolute bit
*Absolute indexed X
*Absolute indexed Y
*Absolute bit relative
eStack pointer relative indirect indexed Y
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2.1.8 Direct page register (DPR)

The direct page register is a 16-bit register. The contents of this register indicate the direct page area
which is allocated in bank 0Ois or in the space across banks 0is and 1. The following addressing modes
use the direct page register.

The contents of the direct page register indicate the base address (the lowest address) of the direct page
area. The space which extends to 256 bytes above that address is specified as a direct page.

The direct page register can contain a value from “000016” to “FFFF1s.” When it contains a value equal to
or more than “FF011s,” the direct page area spans the space across banks 0is and 1.

When the contents of low-order 8 bits of the direct page register is “001,” the number of cycles required
to generate an address is 1 cycle smaller than the number when its contents are not “001s.” Accordingly,
the access efficiency can be enhanced in this case.

This register is cleared to “000016” at reset.

Figure 2.1.4 shows a setting example of the direct page area.

e Addressing modes using direct page register
*Direct
*Direct bit
*Direct indexed X
*Direct indexed Y
*Direct indirect
*Direct indexed X indirect
«Direct indirect indexed Y
«Direct indirect long
*Direct indirect long indexed Y
«Direct bit relative

— 016 016 .
Direct page area when DPR =
______________________________________ FF16 000016
12316 Direct page area when DPR =
Bank 016 29916 0123:16"(Note 1)

L FFFF1e
|_ 1000016
1000F1

Bank1.6 | ]

-------------------------------------- FF1016 Direct page area when DPR
“FF10:” (Note 2)
6

Notes 1: The number of cycles required to generate an address is 1 cycle smaller when the
low-order 8 bits of the DPR are “001s.”
2: The direct page area spans the space across banks 0is and 1is when the DPR is
“FFO116” or more.

Fig. 2.1.4 Setting example of direct page area
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2.1.9 Processor status register (PS)
The processor status register is an 11-bit register.
Figure 2.1.5 shows the structure of the processor status register.

b15 bl4 bl3 bl1l2 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bho

Processor status

olo0]0f[O0] O IPL N|V]m| x|[D]I Z | C register (PS)

Note: Bits 11-15 is always “0” at reading.

Fig. 2.1.5 Processor status register structure

(1)

(2)

(3)

4)

(5)

Bit 0: Carry flag (C)

It retains a carry or a borrow generated in the arithmetic and logic unit (ALU) during an arithmetic
operation. This flag is also affected by shift and rotate instructions. When the BCC or BCS instruction
is executed, this flag’s contents determine whether the program causes a branch or not.

Use the SEC or SEP instruction to set this flag to “1,” and use the CLC or CLP instruction to clear
it to “0.”

Bit 1. Zero flag (2)

It is set to “1” when a result of an arithmetic operation or data transfer is “0,” and cleared to “0” when
otherwise. When the BNE or BEQ instruction is executed, this flag's contents determine whether the
program causes a branch or not.

Use the SEP instruction to set this flag to “1,” and use the CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode addition (the ADC instruction).

Bit 2: Interrupt disable flag (I)

It disables all maskable interrupts (interrupts other than watchdog timer, the BRK instruction, and
zero division). Interrupts are disabled when this flag is “1.” When an interrupt request is accepted,
this flag is automatically set to “1” to avoid multiple interrupts. Use the SEI or SEP instruction to set
this flag to “1,” and use the CLI or CLP instruction to clear it to “0.” This flag is set to “1” at reset.

Bit 3: Decimal mode flag (D)

It determines whether addition and subtraction are performed in binary or decimal. Binary arithmetic
is performed when this flag is “0.” When it is “1,” decimal arithmetic is performed with 8 bits treated
as two digits decimal (the data length flag (m) = “1") or 16 bits treated as four digits decimal (the
data length flag (m) = “0”). Decimal adjust is automatically performed. Decimal operation is possible
only with the ADC and SBC instructions. Use the SEP instruction to set this flag to “1,” and use the
CLP instruction to clear it to “0.” This flag is cleared to “0” at reset.

Bit 4: Index register length flag (x)

It determines whether each of index register X and index register Y is used as a 16-bit register or
an 8-bit register. That register is used as a 16-bit register when this flag is “0,” and as an 8-bit
register when it is “1.” Use the SEP instruction to set this flag to “1,” and use the CLP instruction
to clear it to “0.” This flag is cleared to “0” at reset.

Note: When transferring data between registers which are different in bit length, the data is transferred
with the length of the destination register, but except for the TXA, TYA, TXB, TYB, and TXS
instructions. Refer to “7700 Family Software Manual” for details.
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(6)

)

(8)

)

Bit 5: Data length flag (m)

It determines whether to use a data as a 16-bit unit or as an 8-bit unit. A data is treated as a 16-
bit unit when this flag is “0,” and as an 8-bit unit when it is “1.”

Use the SEM or SEP instruction to set this flag to “1,” and use the CLM or CLP instruction to clear
it to “0.” This flag is cleared to “0” at reset.

Note: When transferring data between registers which are different in bit length, the data is transferred
with the length of the destination register, but except for the TXA, TYA, TXB, TYB, and TXS
instructions. Refer to “7700 Family Software Manual” for details.

Bit 6: Overflow flag (V)

It is used when adding or subtracting with a word regarded as signed binary. When the data length
flag (m) is “0,” the overflow flag is set to “1” when the result of addition or subtraction exceeds the
range between —32768 and +32767, and cleared to “0” in all other cases. When the data length flag
(m) is “1,” the overflow flag is set to “1” when the result of addition or subtraction exceeds the range
between —128 and +127, and cleared to “0” in all other cases.

The overflow flag is also set to “1” when a result of division exceeds the register length to be stored
in a division instruction DIV.

When the BVC or BVS instruction is executed, this flag’s contents determine whether the program
causes a branch or not.

Use the SEP instruction to set this flag to “1,” and use the CLV or CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode.

Bit 7: Negative flag (N)

It is set to “1” when a result of arithmetic operation or data transfer is negative. (Bit 15 of the result
is “1” when the data length flag (m) is “0,” or bit 7 of the result is “1” when the data length flag (m)
is “1.”) It is cleared to “0” in all other cases. When the BPL or BMI instruction is executed, this flag
determines whether the program causes a branch or not. Use the SEP instruction to set this flag to
“1,” and use the CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode.

Bits 10 to 8: Processor interrupt priority level (IPL)

These three bits can determine the processor interrupt priority level to one of levels 0 to 7. The
interrupt is enabled when the interrupt priority level of a required interrupt, which is set in each
interrupt control register, is higher than IPL. When an interrupt request is accepted, IPL is stored in
the stack area, and IPL is replaced by the interrupt priority level of the accepted interrupt request.
There are no instruction to directly set or clear the bits of IPL. IPL can be changed by storing the
new IPL into the stack area and updating the processor status register with the PUL or PLP instruction.
The contents of IPL is cleared to “0002" at reset.
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2.2 Bus interface unit

A bus interface unit (BIU) is built-in between the central processing unit (CPU) and memory+l/O devices.
BIU’s function and operation are described below.
When externally connecting devices, refer to “CHAPTER 3. CONNECTION WITH EXTERNAL DEVICES.”

2.2.1 Overview
Transfer operation between the CPU and memory+l/O devices is always performed via the BIU.

0 The BIU reads an instruction from the memory before the CPU executes it.

O When the CPU reads data from the memoryel/O device, the CPU first specifies the address from which
data is read to the BIU. The BIU reads data from the specified address and passes it to the CPU.

0 When the CPU writes data to the memoryel/O device, the CPU first specifies the address to which data
is written to the BIU and write data. The BIU writes the data to the specified address.

O To perform the above operations [ to [, the BIU inputs and outputs the control signals, and control the
bus.

Figure 2.2.1 shows the bus and bus interface unit (BIU).
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Fig. 2.2.1 Bus and bus interface unit (BIU)
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2.2.2 Functions of bus interface unit (BIU)
The bus interface unit (BIU) consists of four registers shown in Figure 2.2.2. Table 2.2.1 lists the functions
of each register.

b23 b0
PA | Program address register
b7 b0
[}
:— - -Instruction queue buffer
[}
b23 b0
| DA | Data address register
b15 b0
[ oBx | DBL | Data buffer

Fig. 2.2.2 Register structure of bus interface unit (BIU)

Table 2.2.1 Functions of each register

Name Functions
Program address register | Indicates the storage address for the instruction which is next taken into the
instruction queue buffer.
Instruction queue buffer Temporarily stores the instruction which has been taken in.
Data address register Indicates the address for the data which is next read from or written to.
Data buffer Temporarily stores the data which is read from the memoryl/O device by the
BIU or which is written to the memoryl/O device by the CPU.
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The CPU and the bus send or receive data via BIU because each operates based on different clocks
(Note). The BIU allows the CPU to operate at high speed without waiting for access to the memory - 1/O
devices that require a long access time.

The BIU’s functions are described bellow.

Note: The CPU operates based on ¢cpu. The period of gcpu is normally the same as that of ¢ The internal

1)

(2)

3

4)

bus operates based on the E signal. The period of the E signal is twice that of ¢ at a minimum.

Reading out instruction (Instruction prefetch)

When the CPU does not require to read or write data, that is, when the bus is not in use, the BIU
reads instructions from the memory and stores them in the instruction queue buffer. This is called
instruction prefetch.

The CPU reads instructions from the instruction queue buffer and executes them, so that the CPU
can operate at high speed without waiting for access to the memory which requires a long access
time.

When the instruction queue buffer becomes empty or contains only 1 byte of an instruction, the BIU
performs instruction prefetch. The instruction queue buffer can store instructions up to 3 bytes.
The contents of the instruction queue buffer is initialized when a branch or jump instruction is
executed, and the BIU reads a new instruction from the destination address.

When instructions in the instruction queue buffer are insufficient for the CPU’s needs, the BIU
extends the pulse duration of clock gcpu in order to keep the CPU waiting until the BIU fetches the
required number of instructions or more.

Reading data from memoryl/O device

The CPU specifies the storage address of data to be read to the BIU's data address register, and
requires data. The CPU waits until data is ready in the BIU.

The BIU outputs the address received from the CPU onto the address bus, reads contents at the
specified address, and takes it into the data buffer.

The CPU continues processing, using data in the data buffer.

However, if the BIU uses the bus for instruction prefetch when the CPU requires to read data, the
BIU keeps the CPU waiting.

Writing data to memory+l/O device

The CPU specifies the address of data to be written to the BIU’s data address register. Then, the
CPU writes data into the data buffer. The BIU outputs the address received from the CPU onto the
address bus and writes data in the data buffer into the specified address.

The CPU advances to the next processing without waiting for completion of BIU’s write operation.
However, if the BIU uses the bus for instruction prefetch when the CPU requires to write data, the
BIU keeps the CPU waiting.

Bus control

To perform the above operations (1) to (3), the BIU inputs and outputs the control signals, and
controls the address bus and the data bus. The cycle in which the BIU controls the bus and accesses
the memoryl/O device is called the bus cycle.

Refer to “CHAPTER 3. CONNECTION WITH EXTERNAL DEVICES” about the bus cycle at accessing
the external devices.

2-12
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2.2.3 Operation of bus interface unit (BIU)

Figure 2.2.3 shows the basic operating waveforms of the bus interface unit (BIU).

About signals which are input/output externally when accessing external devices, refer to “CHAPTER 3.
CONNECTION WITH EXTERNAL DEVICES.”

1)

(2)

When fetching instructions into the instruction queue buffer

O When the instruction which is next fetched is located at an even address, the BIU fetches 2 hytes
at a time with the timing of waveform (a).
However, when accessing an external device which is connected with the 8-bit external data bus
width (BYTE = “H”), only 1 byte of the instruction is fetched.

0 When the instruction which is next fetched is located at an odd address, the BIU fetches only 1
byte with the timing of waveform (a). The contents at the even address are not taken into the
instruction queue buffer.

When reading or writing data to and from the memory«l/O device
O When accessing a 16-bit data which begins at an even address, waveform (a) is applied. The 16
bits of data are accessed at a time.

O When accessing a 16-bit data which begins at an odd address, waveform (b) is applied. The 16
bits of data are accessed separately in 2 operations, 8 bits at a time. Invalid data is not fetched
into the data buffer.

O When accessing an 8-bit data at an even address, waveform (a) is applied. The data at the odd
address is not fetched into the data buffer.

O When accessing an 8-bit data at an odd address, waveform (a) is applied. The data at the even
address is not fetched into the data buffer.

For instructions that are affected by the data length flag (m) and the index register length flag (x),
operation O or O is applied when flag m or x = “0”; operation O or O is applied when flag m or x
="l

7721 Group User’'s Manual 2-13



CENTRAL PROCESSING UNIT (CPU)

2.2 Bus interface unit

(@)
E \ /
Internal address bus (Ao tO A23) >< Address ><
Internal data bus (Do t0 D7) >< Data (Even address)
Internal data bus (Ds tO Dis) >< Data (Odd address)
(b)

e N/ N/

Internal address bus (Ao tO A23) >< Address (Odd address) >< Address (Even address) X

Internal data bus (Do t0 D7) >< Invalid data >< Data (Even address)

Internal data bus (Ds tO Dis) >< Data (Odd address) >< Invalid data

Fig. 2.2.3 Basic operating waveforms of bus interface unit (BIU)
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2.3 Access space

Figure 2.3.1 shows the M37721's access space.

By combination of the program counter (PC), which is 16 bits of structure, and the program bank register
(PG), a 16-Mbyte space from addresses 0is to FFFFFFi1s can be accessed. For details about access of an
external area, refer to “CHAPTER 3. CONNECTION WITH EXTERNAL DEVICES.”

The memory and I/O devices are assigned in the same access space. Accordingly, it is possible to perform
transfer and arithmetic operations using the same instructions without discrimination of the memory from
I/O devices.

00000016
SFR area

00007F1s
00008016

Internal RAM area
00047F16

' ; Bank Ois
001FCO0z16
001FFFs |  SFRarea
OOFFFFis ...
01000016 '

: I Bank 116
02000016 {77777 e b
FE00001 | =777 o A W

Bank FE16

e J_ : Indicates the memory assignment
FF000016 : + |:| of the internal areas.

' Bank FF16 ——-- " . o .
FEFFFE1s P e Indicates that nothing is assigned.
Note : Memory assignment of internal RAM area varies according to the type of microcomputer.

This figure shows the case of the M37721S2BFP.
Refer to “Figure 2.4.1" for the M37721S1BFP.

SFR : Special Function Register

Fig. 2.3.1 M37721’'s access space
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2.3.1 Banks

The access space is divided in units of 64 Kbytes. This unit is called “bank.” The high-order 8 bits of
address (24 bits) indicate a bank, which is specified by the program bank register (PG) or data bank
register (DT). Each bank can be accessed efficiently by using an addressing mode that uses the data bank
register (DT).

If the program counter (PC) overflows at a bank boundary, the contents of the program bank register (PG)
is incremented by 1. If a borrow occurs in the program counter (PC) as a result of subtraction, the contents
of the program bank register (PG) is decremented by 1. Normally, accordingly, the user can program
without concern for bank boundaries.

SFR (Special Function Register) and internal RAM are assigned in bank 016. For details, refer to section
“2.4 Memory assignment.”

2.3.2 Direct page

A 256-byte space specified by the direct page register (DPR) is called “direct page.” A direct page is
specified by setting the base address (the lowest address) of the area to be specified as a direct page into
the direct page register (DPR).

By using a direct page addressing mode, a direct page can be accessed with less instruction cycles than
otherwise.

Note: Refer also to section “2.1 Central processing unit.”
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2.4 Memory assignment

This section describes the internal area’s memory assignment. For more information about the external
area, refer also to “CHAPTER 3. CONNECTION WITH EXTERNAL DEVICES.”
Figure 2.4.1 shows the memory assignment.

2.4.1 Memory assignment in internal area
SFR (Special Function Register) and internal RAM are assigned in the internal area.

1)

(2)

SFR area

The registers for setting internal peripheral devices are assigned at addresses 0is to 7F1s and 1FCO1s
to 1FFFi. This area is called SFR. Figures 2.4.2 and 2.4.3 show the SFR area’s memory assignment.
For each register in the SFR area, refer to each functional description in this manual.

For the state of the SFR area immediately after reset, refer to section “4.1.2 State of CPU, SFR
area, and internal RAM area.”

Internal RAM area

The M37721S2BFP (Note 1) assigns the 1024-byte static RAM at addresses 8016 to 47F16. 512 bytes
of that can be selected either it is used as the internal RAM or it is used as the external area. (Note
2)

The internal RAM area is used as a stack area (Note 3), as well as an area to store data. Accordingly,
note that set the nesting depth of a subroutine and multiple interrupts’ level not to destroy the
necessary data.

Notes 1. The M37721S1BFP assigns the 512-byte static RAM at addresses 801 to 27Fs.
2: The internal RAM area becomes 512 bytes after reset because the internal RAM area
select bit is “0.”
3: Either bank 016 or bank FFis can be selected as the stack area by the stack bank select
bit (bit 7 at address 5Eus).

Figure 2.4.4 shows the structure of the processor mode registers 0, 1.
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2.4.2 External area

Table 2.4.1 lists the external area. When connecting the external device, follow the procedure described

bellow:

*Connect the ROM to addresses FFCEis to FFFFis because they are interrupt vector table.

eStack area can be assigned to bank 0is or bank FFis. Select the stack area by the stack bank select bit
(bit 7 at address 5Eis). (Refer to “Figure 2.4.4.” )

*When using the DRAM controller, DRAM area can be selected from address FFFFFFis toward the low-
order address in a unit of 1 Mbytes. (Refer to “CHAPTER 14. DRAM CONTROLLER.” )

In the case connecting an external device to the area where overlaps the internal area, when reading out
the overlapping area, the central processing unit (CPU) take in data of the internal area and do not take
in data of the external area.

When writing to the overlapping area, data is written to the internal area. The signal is output to the
external at the same timing when data is written to the internal area.

Table 2.4.1 External area

Type name M37721S2BFP M37721S1BFP
Internal RAM area select bit 1 0 “0" (Fix this bit to “0.”)
216—916 216—916
External area 48016—1FBF16 28016—1FBF1s
200016—FFFFFFis 200016—FFFFFFis

Internal RAM area select bit : bit 1 at address 5Fus
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Interrupt vector table

OOFFCE16 | _ DMA3 :j'—“‘
O0FFDOs [ pviny By
00FFD2is [ pyiag L
O0FFD4s [ pyiag L
00FFD616 |~ A-D conversion h—
O0FFD81s [ yaRT ransmit =]
00FFDA1s | ART1 receive I;T
O00FFDC16 |~ yARTO transmit ||:|—
O0FFDEss [ UARTO receive L
O0FFEO [ Tjmerg2
O0FFE2is [ TimerBl L
O0FFE4ss [ Timergo
OOFFE616 | Timer A4 :j'—
OOFFES1 [ Timer A3
O0FFEA®© [ rjmerp2 L
OOFFEC1 [ TimerAl
OOFFEEs [ fimera0
0OFFFOs |_ INT> o
00FFF21s [~ |\, ,E,—
O0FFF4s [ NT, L
O0FFF61s [ \yatchdog timer I
O00FFF81s [ BEc (Note 3) h—
00FFFA6 | BRK instruction ||:|—
O0FFFCis L zero divide I,j'— /
OOFFFEss [~ weser IET

1

M37721S2BFP
00000016
SFR area (Note 1)
00007F16
00008016
(512 bytes)
00027F1s | ___. Internal RAM |
area
(512 bytes)
00047F16
001FCO1s
SFR area
001FFF16
'00FFCE1s
. O0FFFEF1s
FFFFFFis

The internal memory is not assigned.
SFR area: Refer to “Figure 2.4.2" and “Figure 2.4.3.”
Notes 1: Addresses 216 to 916 are the external memory area.

2: For the M37721S1BFP, fix the internal RAM area select bit to “0.”
3: DBC is an interrupt only for debugging; do not use this interrupt.

Case of Internal RAM
area select bit = “0”

Case of Internal RAM
area select bit = “1”

M37721S1BFP

SFR area (Note 1)

Internal RAM area
(512 bytes) (Note 2)

SFR area

Fig. 2.4.1 Memory assignment
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Address

00000016
00000116
00000216
00000316
00000416
00000516
00000616
00000716
00000816
00000916
00000A16
00000B16
00000C16
00000D16
00000E16
00000F16
00001016
00001116
00001216
00001316
00001416
00001516
00001616
00001716
00001816
00001916
00001A16
00001B16
00001C16
00001D16
00001E16
00001F16
00002016
00002116
00002216
00002316
00002416
00002516
00002616
00002716
00002816
00002916
00002A16
00002B16
00002C16
00002D16
00002E16
00002F16
00003016
00003116
00003216
00003316
00003416
00003516
00003616
00003716
00003816
00003916
00003A16
00003B16
00003C16
00003D16
00003E16
00003F16

Port P4 register

Port P5 register

Port P4 direction register

Port P5 direction register

Port P6 register

Port P7 register

Port P6 direction register

Port P7 direction register

Port P8 register

Port P9 register

Port P8 direction register

Port P9 direction register

Port P10 register

Port P10 direction register

Pulse output data register 0

Pulse output data register 1

A-D control register

A-D sweep pin select register

A-D register 0

A-D register 1

A-D register 2

A-D register 3

A-D register 4

A-D register 5

A-D register 6

A-D register 7

UARTO transmit/receive mode register

UARTO baud rate register (BRGO)

UARTO transmit buffer register

UARTO transmit/receive control register 0

UARTO transmit/receive control register 1

UARTO receive buffer register

UART1 transmit/receive mode register

UART1 baud rate register (BRG1)

UART1 transmit buffer register

UART1 transmit/receive control register 0

UART1 transmit/receive control register 1

UART1 receive buffer register

Address

00004016
00004116
00004216
00004316
00004416
00004516
00004616
00004716
00004816
00004916
00004A16
00004B16
00004C16
00004D16
00004E16
00004F16
00005016
00005116
00005216
00005316
00005416
00005516
00005616
00005716
00005816
00005916
00005A16
00005B16
00005C16
00005D16
00005E16
00005F16
00006016
00006116
00006216
00006316
00006416
00006516
00006616
00006716
00006816
00006916
00006A16
00006B16
00006C16
00006D16
00006E16
00006F16
00007016
00007116
00007216
00007316
00007416
00007516
00007616
00007716
00007816
00007916
00007A16
00007B16
00007C16
00007D16
00007E16
00007F16

Count start register

One-shot start register

Up-down register

Timer AO register

Timer Al register

Timer A2 register

Timer A3 register

Timer A4 register

Timer BO register

Timer B1 register

Timer B2 register

Timer AO mode register

Timer A1 mode register

Timer A2 mode register

Timer A3 mode register

Timer A4 mode register

Timer BO mode register

Timer B1 mode register

Timer B2 mode register

Processor mode register 0

Processor mode register 1

Watchdog timer register

Watchdog timer frequency select register

Real-time output control register

DRAM control register

Refresh timer

DMAC control register L

DMAC control register H

DMAQO interrupt control register

DMAL1 interrupt control register

DMAZ2 interrupt control register

DMAZ3 interrupt control register

A-D conversion interrupt control register

UARTO transmit interrupt control register

UARTO receive interrupt control register

UART1 transmit interrupt control register

UART1 receive interrupt control register

Timer AQ interrupt control register

Timer Al interrupt control register

Timer A2 interrupt control register

Timer A3 interrupt control register

Timer A4 interrupt control register

Timer BO interrupt control register

Timer B1 interrupt control register

Timer B2 interrupt control register

INTo interrupt control register

INT1 interrupt control register

INT2 interrupt control register

Fig. 2.4.2 SFR area’s memory map (1)
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2.4 Memory assignment

Address
001FCO16
001FC1l1e
001FC216
001FC316
001FC416
001FC516
001FC616
001FC716
001FC816
001FC916
001FCA16
001FCB16
001FCCzi6
001FCD16
001FCEz16
001FCF16
001FDO16
001FD116
001FD216
001FD316
001FDA416
001FD516
001FD616
001FD716
001FD816
001FD916
001FDA16
001FDB16
001FDC16
001FDD16
001FDE16
001FDF16
001FEO16
001FEl16
001FE216
001FE316
001FE416
001FE516
001FE616
001FE716
001FE816
001FE916
001FEA16
001FEB16
001FEC16
001FED16
001FEE16
001FEF16
001FFO016
001FF116
001FF216
001FF316
001FF416
001FF516
001FF616
001FF716
001FF816
001FF916
001FFA16
001FFB16
001FFCi6
001FFD16
001FFE16

001FFF16

L
Source address register 0 M
H
L
Destination address register 0 M
H
L
Transfer counter register O M
H
DMAO mode register L
DMAO mode register H
DMAQO control register
L
Source address register 1 M
H
L]
Destination address register 1 M|
H
L
Transfer counter register 1 M|
H
DMA1 mode register L
DMA1 mode register H
DMAL control register
L]
Source address register 2 M|
H
L
Destination address register 2 M|
H
L]
Transfer counter register 2 M
H
DMA2 mode register L
DMA2 mode register H
DMAZ2 control register
L
Source address register 3 M|
H
L]
Destination address register 3 M
H
L]
Transfer counter register 3 M
H

DMA3 mode register L

DMA3 mode register H

DMAZ3 control register

Eig. 2.4.3 SFR area’s memory map (2)
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CENTRAL PROCESSING UNIT (CPU)

2.4 Memory assignment

b7 b6 b5 b4 b3

b2 bl b0

b7 b6

|0| | | | .EI Processor mode register 0 (Address 5E16)

b5 b4 b3 b2 bl b0

b Bit Bit name Functions Atreset [ RW
v+ === 0 | Fix this bit to “0.” 0 | Rw
HET 1 Nothing is assigned. 1 _
: The value is “1” at reading.
E 2 Wait bit 0 : Software Wait is inserted when 0 RW
accessing external area.
1 : No software Wait is inserted
when accessing external area.
___________ 3 Software reset bit The microcomputer is reset by 0 WO
writing “1” to this bit. The value is
“0” at reading.
........... 4 | interrupt priority detection time | 0 RW
sella s 00:7cycles of ¢
01:4cycles of ¢
___________ 5 10:2cycles of ¢ 0 RW
11 : Do not select.
------------ 6 Fix this bit to “0.” 0 RW
___________ Stack bank select bit 0 : Bank O1s
! 1:Bank FFise 0 RW
E] : Bits 0 to 6 are not used for the memory assignment.
Processor mode register 1 (Address 5Fie)
Bit Bit name Functions Atreset | RW
E A 0 Nothing is assigned. Undefined| -
. 1 Internal RAM area select bit 0: 512 bytes (addresses 8016 to 27F1s) 0 RW
""""" (Notes 1, 2) 1: 1024 bytes (addresses 8016t0 47F1s)
___________ 7 to 2 | Nothing is assigned. Undefined] —

Notes 1: For the M37721S1BFP, fix bit 1 to “0.”
2: For the M37721S2BFP, set bit 1 before setting the stack pointer.

Fig. 2.4.4 Structure

of processor mode registers 0, 1
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2.5 Bus access right

2.5 Bus access right

The M37721’s bus is used for DRAMC, Hold function, and DMAC besides CPU. When the bus requests of
two or more source are detected at the same timing, the highest bus access priority levels get the access
right.

The bus priority levels are fixed by hardware. Additionally the bus use state is output from the status signal
output pins STO and ST1. Table 2.5.1 lists the bus use priority levels and the status signals depending on
the bus use state.

Table 2.5.1 Bus use priority levels and status signals depen ding on bus use state

o Status signal

Bus use priority levels Bus use state
ST1 STO
1 (Highest) DRAM refresh 0 0
2 Hold 0 1
3 DMAC 1 0
4 (Lowest) CPU (Including the term that CPU does not use the bus 1 1
during calculation etc.)

For details, refer to section “13.2.1 Bus access control circuit” and chapter for each peripheral devices.
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2.5 Bus access right

MEMORANDUM
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CONNECTION WITH EXTERNAL DEVICES

3.1 Signals required for accessing external devices

3.1 Signals required for accessing external devices

The functions and operations of the signals which are required for accessing the external devices are
described below.

When connecting an external device that requires long access time, refer to sections “3.2 Software Wait,”
“3.3 Ready function,” and “3.4 Hold function,” as well as this section. When the external DRAM is
controlled by using DRAM controller, refer to “CHAPTER 14. DRAM CONTROLLER.”

3.1.1 Descriptions of signals
Figure 3.1.1 shows the pin configurations when the external data bus width is 16 bits and 8 bits.

(1) External buses (A o—A7, As/Ds—Ai1s/D1s, Ais/Do—A23/D7)
The external area is specified by the address (Ao—Az3) output.
The As—A2z3 pins of the external address bus and the Do—Dis pins of the external data bus are
assigned to the same pins.
When the BYTE pin level, described later, is “L” (external data bus width is 16 bits), the As/Ds—
A1s/D1s and Ais/Do—A23/D7 pins perform address output and data input/output with time-sharing.
When the BYTE pin level is “H” (external data bus width is 8 bits), the Ais/Do—A23/D7 pins perform
address output and data input/output with time-sharing, and the As—Ais pins output the address.

(2) External data bus width switching signal (BYTE pin level)
This signal is used to select the external data bus width from 8 bits and 16 bits. The width is 16 bits
when the level is “L,” and 8 bits when the level is “H.” Fix this signal to either “H” or “L” level. This
signal is valid only for the external area. (When accessing the internal area, the data bus width is
always 16 bits.)

(3) Enable signal (E)
This signal becomes “L” level while reading or writing data from and to the data bus. (Refer to
“Table 3.1.1." )

(4) Read/Write signal (R/W)

This signal indicates the state of the data bus. This signal becomes “L" level while writing data to
the data bus. Table 3.1.1 lists the state of the data bus indicated with the E and R/W signals.

Table 3.1.1 State of data bus indicated with E and

R/W signals
E R/W State of data bus
H H Not used
L
L H Read data
L Write data
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3.1 Signals required for accessing external devices

16 bits (BYTE = “L”)

CONNECTION WITH EXTERNAL DEVICES

e External data bus width

External address bus, external data bus,
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bus control signal

Note: For the DRAM control signals, refer to “CHAPTER 14. DRAM CONTROLLER.”
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CONNECTION WITH EXTERNAL DEVICES

3.1 Signals required for accessing external devices

(5)

Byte low enable signal (BLE), Byte high enable signal (BHE)

The BLE signal indicates the access to an even address. This signal becomes “L” level when
accessing only an even address or when simultaneously accessing both an even and an odd address.
The BHE signal indicates the access to an odd address. This signal becomes “L” level when accessing
only an odd address or when simultaneously accessing both an odd and an even address.

These signals are used to connect memories or I/O devices of which data bus width is 8 bits when
the external data bus width is 16 bits. Table 3.1.2 lists levels of the BLE and BHE signals and access
addresses.

Table 3.1.2 Levels of BLE and BHE signals and access addresses

Access address Even and odd addresses Even address Odd address
(Simultaneous 2-byte access) (1-byte access) (1-byte access)
BLE L L H
BHE L H L

(6)

()

(8)

(9)

Address latch enable signal (ALE)

This signal is used to latch the address from the multiplexed signal, which consists of the address
and data. (This multiplexed signal is input to or output from the As/Ds—Ais/D1s and Ais/Do—A23/D7 pins.)
When the ALE signal is “H,” latch the address and simultaneously output the addresses. When this
signal is “L,” retain the latched address.

Ready function-related signal (RDY)
This is the signal to use Ready function (Refer to section “3.3 Ready function.” )

Hold function-related signal (HOLD)
This is the signal to use Hold function. (Refer to section “3.4 Hold function.” )

Status signals (STO, ST1)
These signals indicate the bus use status. Table 3.1.3 lists the bus use status indicated by the STO
and ST1 signals.

(10) Clock @

This signal has the same period as ¢.

Table 3.1.3 Bus use status indicated by STO and

ST1 signals
ST1 STO Bus use status
L L DRAM refresh
L H Hold
H L DMA
H H CPU
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CONNECTION WITH EXTERNAL DEVICES

3.1 Signals required for accessing external devices

3.1.2 Operation of bus interface unit (BIU)

Figures 3.1.2 and 3.1.3 show the examples of operating waveforms of the signals input from or output to
the external when accessing external devices. The following explains these waveforms, being compared
with the basic operating waveform. (Refer to section “2.2.3 Operation of bus interface unit (BIU).” )

1)

(2)

When fetching instructions into instruction queue buffer

0 When the instruction which is next fetched is located at an even address
When the external data bus width is 16 bits, the BIU fetches 2 bytes of the instruction at a time
with waveform (a). When the external data bus width is 8 bits, the BIU fetches only 1 byte of the
instruction with the first half of waveform (e).

O When the instruction which is next fetched is located at an odd address
When the external data bus width is 16 bits, the BIU fetches only 1 byte of the instruction with
waveform (d). When the external data bus width is 8 bits, the BIU fetches only 1 byte of the
instruction with the first half of waveform (f).

When a branch to an odd address is caused by a branch instruction etc. with the 16-bit external data
bus width, the BIU first fetches 1 byte of the instruction with waveform (d), and after that, fetches
instructions in a unit of 2 bytes with waveform (a).

When reading or writing data from and to memories or I/O devices

0 When accessing 16-bit data which begins at an even address, waveform (a) or (e) is applied.
0 When accessing 16-bit data which begins at an odd address, waveform (b) or (f) is applied.
0 When accessing 8-bit data at an even address, waveform (c) or the first half of (e) is applied.
O When accessing 8-bit data at an odd address, waveform (d) or the first half of (f) is applied.

For instructions that are affected by the data length flag (m) and the index register length flag (x),
operation O or O is applied when flag m or x = “0”; operation O or O is applied when flag m or x
= “1.)1

The setup of flags m and x and the selection of the external data bus width do not affect each other.
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CONNECTION WITH EXTERNAL DEVICES

3.1 Signals required for accessing external devices

e External data bus width = 16 bits (BYTE =*“L")

<16-bit data access>

(a) Access beginning at even address
E N/
ALE /\
Aoto A7 :X Address X

As/Ds to A15/D15 X Address X Data(odd) X

Az1e/Do to A23/D7 X Address X Data(even)X

BE ), —
sHE O\ o

(b) Access beginning at odd address

E O/ 7

ALE /\ / \
AotoA7T X Address X Address X
As/Ds to A15/D15s D(Address XData(odd) X Address X  — X
Ate/lDoto A2a/D7 ___XAddress X__—  XAddress XData(even)X
B Y \ —
BHE __\ / N

<8-bit data access>

(c) Access to even address (d) Access to odd address
T\ / ET N\ /
ALE / \ ALE /\

Aoto A7 X Address X Aoto A7 >< Address ><
As/Dsto A15/D1s XAddressX — X As/Ds to A15/D15 :)(Address X Data(odd)X:
A16/Do to A23/D7 X Address X Data(even){ A16/Do to A23/D7 XAddress X — ><

B fam sE Y N
BHE Y N BE N K

Fig. 3.1.2 Examples of operating waveforms of signals input from or output to the external (1)
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3.1 Signals required for accessing external devices

e External data bus width = 8 bits (BYTE = “H")

<8/16-bit data access>

(e) Access beginning at even address

E w
ALE /\ /\

Ao to A7 X Address x Address X

As to A1s X Address

Address X

___><___

A16/Do to A23/D7 X Address X Data X Address X Data X
/ L
\ A

BLE

JU

BHE

8-bit data access

16-bit data access

i

(f) Access beginning at odd address

e N/ N/

ALE /\ /\

Ao to A7 j( Address X Address )j(

As to A1s j( Address )i( Address )j(

A16/Do to A23/D7 j(Address X Data ):(Address X Data ):(
e / \—

8-bit data access

|

16-bit data access

T

Note: When accessing 16-bit data, 2 times of access are performed;
the low-order 8 bits are accessed first, and after that, the high-
order 8 bits are accessed.

Fig. 3.1.3 Examples of operating waveforms of signals input from or output to the external (2)
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CONNECTION WITH EXTERNAL DEVICES

3.2 Software Wait

3.2 Software Wait

Software Wait provides a function to facilitate access to external devices that require long access time. To
select the software Wait, use the wait bit (bit 2 at address 5Eis). Figure 3.2.1 shows the structure of
processor mode register 0 (address 5Eis). Figure 3.2.2 shows examples of bus timing when software Wait
is used.

Software Wait is valid only for the eternal area. The internal area is always accessed with no Wait.

b7 b6 b5 b4 b3 b2 bl bo

I OI I I I .zl Processor mode register O (Address 5E16)

Bit Bit name Functions Atreset | RW
i 1 =---{ 0 | Fixthisbitto*0.” 0 | E
b eeeaao] 1 | Nothing is assigned. 1 ~

The value is “1” at reading.

v emmeaooo 2 Wait bit 0 : Software Wait is inserted when 0 RW
accessing external area.

1 : No software Wait is inserted
when accessing external area.

R N 3 Software reset bit The microcomputer is reset by 0 WO
. writing “1” to this bit. The value is
. “0” at reading.

S 4 Interrupt priority detection time bo b4 0 RW

: select bits 00:7 cycles of ¢
' 01: 4 cycles of ¢
TTTTTTTTTTTImTeome 2 10: 2 cycles of ¢ 0 RW
11 : Do not select.

o EEGEEEEEEPEEP PR TR 6 Fix this bit to “0.” 0 RW

Sy Stack bank select bit 0 : Bank O1s
! 1: Bank FFis 0 | RW

E] 1 Bits 0, 1, and 3 to 6 are not used for accessing external area.

Fig. 3.2.1 Structure of processor mode register 0
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3.2 Software Wait

<No Wait>
1 bus cycle
Clockes| | [ [_| [ R A A
: - | | |
ALE | [
Ao—A7 X Address X Address X
(Note) ‘ 1 1
As/Ds—A15/D15, A1s/Do—A23/D7 XAddressX_Data XAddressX_Data X
e Internal areas are always accessed with this waveform.
<Wait>
_ 1 bus cycle _
Clockor | | [ || L1 L1 L L1 LI
[ R N R
ALE | T
Ao—A7 X Address X Address X
(Note) } | |
As/Ds—A15/D15, A16/Do—A23/D7 X Address X Data X Address X Data X
Note: When the external data bus is 8 bits wide (BYTE = “H"), As/Ds to A15/D1s operate with the same bus timing as Ao to A7.

Fig. 3.2.2 Examples of bus timing when software Wait is used (BYTE = “L")
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3.3 Ready function

3.3 Ready function

Ready function provides the function to facilitate access to external devices that require long access time.
The microcomputer enters Ready state by input of “L” level to the RDY pin and retains this state while the
level of the RDY pin is at “L.” Table 3.3.1 lists the microcomputer’s state in Ready state.

In Ready state, the oscillator’'s oscillation does not stop. Accordingly, the internal peripheral devices can
operate. Ready function is valid for the internal and external areas.

Table 3.3.1 Microcomputer’s state in Ready state

Item State
Oscillation Operating
@cru, @ Stopped at “L”
Pins Ao to A7, As/Ds to Ais/Dis, A1s/Do to A2s/D7, E, R/W,| Retain the state when Ready request was accepted.
BHE, BLE, STO, ST1, ALE
Pins P4s to P47, P5 to P10 (Note)
Pin ¢ Outputs clock ¢
Watchdog timer Operating
Note: This applies when this functions as a programmable /O port.
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3.3 Ready function

3.3.1 Operation description

The input level of the RDY pin is judged at the falling edge of clock @. When “L” level is detected at this
point, the microcomputer enters Ready state. (This is called “Acceptance of Ready request.”)

In Ready state, the input level of the RDY pin is judged at every falling edge of clock ¢.. When “H” level
is detected at this point, the microcomputer terminates Ready state at the next rising edge of clock ¢.

Figure 3.3.1 shows timing of acceptance of Ready request and termination of Ready state. Refer also to
section “16.1 Memory connection ” for usage of Ready function.

<No Wait>

RDY pin input level 0

O
sampling timing \L \L

Clock 01 | $ | o [
! ‘ [0 The “L” level which is input to the RDY pin is

; PN 3 ______ N accepted, so that E stops at “H * level for 1 cycle of
Ocru : : : : : : clock ¢1 (indicated by %&8& ), and ¢ CPU stops

at “L” level.

m|

[ The “L” level which is input to the RDY pin is not
accepted, however ¢cpu stops at “L” level.

ALE 0 The “L” level which is input to the RDY pin is

accepted, so that E stops at “L” level for 1 cycle of

clock ¢1 (indicated by %8R ), and ¢cpu stops
at “L” level.

RDY

o
Bus not in use | Bus in use 3 [] Ready state is terminated.

[0 The “L” level which is input to the RDY pin is not
accepted because it is sampled immediately before

] Wait by software Wait (indicated by 2% ).
<Wait> however ¢ CPU stops at “L” level.

RDY pin input level
sampling timing \L

Lol Ly
CK I B A O I W O

{eru

ALE

RDY

Bus in use

Fig. 3.3.1 Timing of acceptance of Ready request and termination of Ready state
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CONNECTION WITH EXTERNAL DEVICES
3.4 Hold function

3.4 Hold function

When composing the external circuit which accesses the bus without using the central processing unit
(CPU), Hold function is used to generate a timing for transferring the right to use the bus from the CPU to
the external circuit.

The microcomputer enters Hold state by input of “L” level to the HOLD pin and retains this state while the
level of the HOLD pin is at “L.” Table 3.4.1 lists the microcomputer’s state in Hold state.

In Hold state, the oscillation of the oscillator does not stop. Accordingly, the internal peripheral devices can
operate. However, Watchdog timer stops operating.

Table 3.4.1 Microcomputer’s state in Hold state

ltem State
Oscillation Operating
Q@ Operating
¢cru Stopped at “L”
E Stopped at “H”
Pins Ao to A7, As/Ds to Ais/Dis, Ais/Do to A23/Dz, R/W, Floating
BHE, BLE
Pins ALE, ST1 Output “L" level.
Pin STO Outputs “H” level.
Pin @ Outputs clock ¢.
Pins P4s to P47, P5 to P10 (Note) Retain the state when Hold request was accepted.
Watchdog timer Stopped

Note: This applies when this functions as a programmable /O port.

3.4.1 Operation description

Judgment of the HOLD pin input level is performed at every falling edge of @. When “L” level is detected
at judgment of the input level, bus request (Hold) becomes “1,” when “H” level is detected, bus request
(Hold) becomes “0.”

Bus request (Hold) is sampled within a period when the bus request sampling signal is “1” and bus request
is accepted when there is no bus request (DRAMC). (This is called “Acceptance of Hold request.”) For bus
request, refer to section “13.2.1 Bus access control circuit.”

When Hold request is accepted, gru stops at “L” level at the next rising edge of ¢ and the STO pin’s level
becomes “H,” the ST1 pin’s level becomes “L.” When 1 cycle of ¢ has passed after the levels of the STO
and ST1 pins are changed, the R/W, BHE, BLE pins and the external bus enter the floating state.

In Hold state, when the HOLD pin’s input level becomes “H,” the STO and ST1 pins’ levels are changed
at the next rising edge of ¢ When 1 cycle of ¢ has passed after the levels of the STO and ST1 pins are
changed, the microcomputer terminates Hold state.

Figures 3.4.1 to 3.4.3 show timing of acceptance of Hold request and termination of Hold state.

Note: @ has the same polarity and the same frequency as clock ¢.
However, @ stops by acceptance of Ready request, or executing the STP or WIT instruction. Accordingly,
judgment of the input level of the HOLD pin is not performed during Ready state.
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CONNECTION WITH EXTERNAL DEVICES

3.4 Hold function

<When inputting “L” level to HOLD pin while bus is unused>

e State when inputting “L” level to HOLD pin

External data bus Data length External data bus width
8 8, 16
Unused
16 8, 16

Clock 61 (Note 1) L | | L] LT 1

ALE | 3 | ! [
E_| o A
_ E ' : : Floating 3 3 3
RW R A\ - /
: O b | L |
External address bus / ' \ Floating : | —
External data bus >>X<< Address A / — | Address B
External address bus X — \ Floating ——
BLE, BHE : : : / ! ! N
Ho B s Y 1
Bus request (Hold)
(Note 2) : ‘ :
Bus request sampling | | | | | | l | | | |
(Note 2) ! ! : :
ST1 E E 3
STO ! ! 3
‘ Hold statei »
D — | | | _
Bus notin use  reg—m= — Bus in use

Transfer of right to use bus Transfer of right té use bus

O This is the period in which the bus is not used, so that not a new
address but the address which was output immediately before is
output again.

Notes 1: Clock ¢1 has the same polarity and the same frequency as ¢ .
Timing of signals to be input from or output to the external is ordained on the basis
of clock 1.
2: Bus request (Hold) and bus request sampling are internal signals.

Fig. 3.4.1 Timing of acceptance of Hold request and termination of Hold state (1)
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CONNECTION WITH EXTERNAL DEVICES

3.4 Hold function

<When inputting “L” level to HOLD pin while bus is used; when data access is
completed with 1-bus cycle>

e State when inputting “L” level to HOLD pin

External data bus Data length External data bus width
8 8, 16
Used
16 16 (Access beginning at even address)

Clock ¢1 (Note 2) | | | | | | | | |

ALE | 3 3 o I
e 1 IR
_ | ‘ : . Floating | E :
R/IW \ ) ; : {
| Address A Lo Address A[] 1
External address bus / : + : : + :\ Floating. /—
: ; { Address B
External data bus X<< >< Pata >>><<< / L \
External address bus X ‘ ' \ Floatingi /7
BLE, BHE ‘ — / o o
HOLD R N
Bus request (Hold) ! I ! |
(Note 3) 1 : ! ! :
Bus request sampling | | | | | | |
(Note 3) ! ! ! | !
ST1 | | :
STO | | !
3 4 Hold state »
‘ : : 1 : .
‘ Bus in - — -—p»  Businuse
use Transfer of Transfer of
right to use bus right to use bus

O When a Hold request is accepted, not a new address but the address
which was output immediately before is output again.

Notes 1: The above diagram shows the case of no Wait.

2: Clock ¢1 has the same polarity and the same frequency as ¢.
Timing of signals to be input from or output to the external is
ordained on the basis of clock ¢1.

3: Bus request (Hold) and bus request sampling are internal signals.

Fig. 3.4.2 Timing of acceptance of Hold request and termination of Hold state (2)
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CONNECTION WITH EXTERNAL DEVICES
3.4 Hold function

e State when inputting “L” level to HOLD pin

<When inputting “L” level to HOLD pin while bus is used; when data access is
completed with continuous 2-bus cycle>

External data bus

Data length

External data bus width

Used

16

8

16 (Access beginning at odd address)

Clock ¢1 (Note 2) J |

-

ALE

[ 1

e L L]

Floating

-

v O | | N

R ) —

i Address A \ Address A + 1 ‘ 1 ‘

External address bus / ‘ + : / : \ Floating ‘

External data bus ><<< X Da‘ta >>X<< X Data >>><<< / 1 :<Address B><

External address bus \ : X : \ Floating /—
BLE, BHE : : / ! n

HOLD h |

1 o 1 1 1 1

Bus request (Hold) ! I/ ; ‘ 1 1

(Note 3) —— ! : ! !

Bus request samplin

wenszoong [ [ Iy I

ST1 | | 3

S | !

‘ » ‘ Hold statei »
‘ Bus in use - ‘-  Businuse

Transfer of right Transfer of right
to use bus to use bus

0 When a Hold request is accepted, not a new address but the address which was output
immediately before is output again.

Notes 1: The above diagram shows the case of 2-¢ access in low-speed running.
2: Clock ¢ 1 has the same polarity and the same frequency as 6.
Timing of signals to be input from or output to the external is ordained on the basis
of clock ¢ 1.
3: Bus request (Hold) and bus request sampling are internal signals.

Fig. 3.4.3 Timing of acceptance of Hold request and termination of Hold state (3)
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CONNECTION WITH EXTERNAL DEVICES
3.4 Hold function

[Precautions for Hold function]
When a DRAM refresh request occurs in Hold state, DRAM refresh is performed immediately because the
bus use priority level of DRAM refresh is higher than that of Hold function.
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RESET

4.1 Hardware reset

4.1 Hardware reset

When the power source voltage satisfies the microcomputer’s recommended operating conditions, the
microcomputer is reset by supplying “L” level to the RESET pin. This is called a hardware reset. Figure 4.1.1
shows an example of hardware reset timing.

RESET l | ! 5
| 2usormore 4to5 cycles of :
54 »,4 >. Internal processingi
! ' ' sequence after .
! | reset ' Program is executed.
-t > >
+ O | O ‘ O
U

Note: When the clock is stably supplied. (Refer to section “4.1.4 Time supplying “L” level to
RESET pin.” )

Fig. 4.1.1 Example of hardware reset timing
The following explains how the microcomputer operates in periods 0 to [0 above.

O After supplying “L” level to the RESET pin, the microcomputer initializes pins within a period of several
ten ns. (Refer to “Table 4.1.1.” )

O While the RESET pin is “L” level and within a period of 4 to 5 cycles of ¢ after the RESET pin goes from
“L” to “H,” the microcomputer initializes the central processing unit (CPU) and SFR area. At this time,
the contents of the internal RAM area become undefined (except when Stop or Wait mode is terminated).
(Refer to “Figures 4.1.3 to 4.1.9.” )

O After O, the microcomputer performs “Internal processing sequence after reset.” (Refer to “Figure 4.1.10.” )

0 The microcomputer executes a program beginning with the address set into the reset vector addresses
(FFFE1s and FFFFis).
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RESET

4.1 Hardware reset

4.1.1 Pin state

Table 4.1.1 lists the microcomputer’s pin state while RESET pin is at “L” level. Figure 4.1.2 shows the

RESETour output retaining timing.

Table 4.1.1 Pin state while RESET pin is at “L” level

Pin (Bus, Port) name

Pin state

Ao/MA—A7/MA7, As/Ds—A1s/D1s, Ais/Do—A23/D7, BHE, BLE

Outputs “H” or “L” level.

R/W, E, STO, ST1

Outputs “H” level.

ALE, RESETour

Outputs “L” level.

@

Outputs @.

HOLD, RDY, P4s-P47, P5-P10

Floating.

Y

When RESET pin input level goes from “L” to “H” in this period

RESET | ,(

RESETour

Fig. 4.1.2 RESETout output retaining timing
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RESET

4.1 Hardware reset

4.1.2 State of CPU, SFR area, and internal RAM area
Figure 4.1.3 shows the state of the CPU registers immediately after reset. Figures 4.1.4 to 4.1.9 show the
state of the SFR and internal RAM areas immediately after reset.

0 : “0” immediately after reset. [0] : Always “0” at reading.
1 :“1” immediately after reset.
? : Undefined immediately after reset.

Register name State immediately after reset
b15 b8 b7 b0
Accumulator A (A) | 2 | 2 |
b15 b8 b7 b0
Accumulator B (B) | 2 | 2 |
b15 b8 b7 b0
Index register X (X) | 2 | 2 |
b15 b8 b7 b0
Index register Y (Y) | 2 | ) |
b15 b8 b7 b0
Stack pointer (S) | 2 | 2 |
b7 b0
Data bank register (DT) | 0016 |
b7 b0
Program bank register (PG) | 0016 |
b15 b8 b7 b0
Program counter (PC) | Contents at address FFFF16 | Contents at address FFFE16 |
b15 b8 b7 b0
Direct page register (DPR) | 0016 | 0016 |
b15 b8 b7 b0
Processor status register (PS) |0|0|0|0|0 0|O|O ?|?|O|0|0|1|’?|?|
IPL N Vm x D I Z C

Fig. 4.1.3 State of CPU registers immediately after reset
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RESET

4.1 Hardware reset

O16
116
216
316
416
516
616
716
816
916
Ale
Bie
Cie
Die
Eie
Fie
1016
1116
1216
1316
1416
1516
1616
1716
1816
1916
1A16
1B16
1C16
1D16
1E16
1F16

Address Register name

Port P4 register
Port P5 register
Port P4 direction register
Port P5 direction register
Port P6 register
Port P7 register
Port P6 direction register
Port P7 direction register
Port P8 register
Port P9 register
Port P8 direction register
Port P9 direction register
Port P10 register

Port P10 direction register

Pulse output data register 0

Pulse output data register 1

A-D control register
A-D sweep pin select register

State immediately after reset

0 : “0” immediately after reset.
1:“1” immediately after reset.
? » Underfined immediately after

reset.

e SFR area (016 to 7F16, 1FCO016 to 1FFF16)

Access characteristics

RW: Itis possible to read the bit state at reading. The written value becomes valid.

RO : Itis possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid. It is impossible to read the bit state.

[ 1: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

0] : Always “0” at reading.
: Always “1” at reading.

: Always undefined at reading.
: “0” immediately after reset. Fix this bit to “0.”

Access characteristics

State immediately after reset
b7 b0

b7
?
?
?
?
?
?
?
?
?
?
RW L[| ? [ofo]o
RW ?
RW | 1] oJoJoJoJoJoJoJo
RW 0016
RW ?
RW ?
RW 0016
RW 0016
RW ?
RW ?
RW 0016
RW 0016
RW ?
?
RW 0016
?
| [ [ wo 7
?
WO | ?
>
RW olOoOfojofoOo|?2]|?["
L [ L [ |rw AR ERRRE

Fig. 4.1.4 State of SFR and internal RAM areas immediately after reset (1)
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RESET

4.1

Hardware reset

Address Register name
2016 A-D register 0
2116
2216 A-D register 1
2316
2416 A-D register 2
2516
2616 A-D register 3
2716
2816 A-D register 4
2916
2A16 A-D register 5
2B16
2C16 A-D register 6
2D16
2E16 A-D register 7
2F16
3016 UARTO transmit/receive mode register
3116 UARTO baud rate register
3216

UARTO transmit buffer register
3316

3416 UARTO transmit/receive control register O
3516 UARTO transmit/receive control register 1

3616 UARTO receive buffer register

3716

3816 UART1 transmit/receive mode register
3916 UART1 baud rate register
3A16 UART1 transmit buffer register
3B16

3C16 UARTL1 transmit/receive control register 0
3D16 UARTL1 transmit/receive control register 1
3E16
3F16

UART1 receive buffer register

Access characteristics

State immediately after reset
b7 b0

RO

?

RO

RO

RO

RO

RO

RO

RO

RW

o

g

WO

[ WO

| lwo

R N I S N S I S B S S I S I S S I B RS

RO

RW

N
-~
N

1

RO

RW[RO[RW

0

RO

5

| [rO

ololofJofoJofo]

-~

RW

0016

wo

?

?

[ WO

| |wo

?

RO

RW

1

RO

RW|RORW,

0

?

o[olofJofoJofo]

-~

Fig. 4.1.5 State of SFR and internal RAM areas immediately after reset (2)
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RESET

4.1 Hardware reset

Address

4016
4116
4216
4316
4416
4516
4616
4716
4816
4916
4A16
4B16
4C16
4D16
4E16
4F16
5016
5116
5216
5316
5416
5516
5616
5716
5816
5916
5A16
5B16
5Ci16
5D16

Register name

Count start register

One-shot start register

Up-down register

Timer AO register

Timer Al register

Timer A2 register

Timer A3 register

Timer A4 register

Timer BO register

Timer B1 register

Timer B2 register

Timer A0 mode register
Timer A1 mode register
Timer A2 mode register
Timer A3 mode register
Timer A4 mode register
Timer BO mode register
Timer B1 mode register
Timer B2 mode register

5E16 Processor mode register 0
5F16 Processor mode register 1

b7

Access characteristics

b0

State immediately after reset

b7

b0

RW

0016

WO

?

?
0] 0] 0N

RW

?
0/0/0]0]0[0RaRY
?

RW

RW

RW

RW

(Note 1)

(Note 1)

(Note 1)

(Note 1)

(Note 1)

(Note 1)

(Note 2)

(Note 2)

(Note 2)

(Note 2)

RW

RW

NN NN N N N N N N N N N N N N

RW

o

7

RW

7%

%
2

RW

0016

RW

0016

RW

0016

(Note 3)|

RW

RW

o

RW

(Note 3)|

RW

RW

(Note 3)|

RW

RW

WO[RW,

RW

o|o|o|o

0
0
0

N

(@R ENEENEEN]

(@} VN BV
Ol|o (o

o|jo|Oo|Oo

RW,|

(Note 4)

mode. (Refer to “"CHAPTER 8. TIMER A." )

mode. (Refer to “CHAPTER 9. TIMER B.” )

“0.”

Notes 1: The access characteristics at addresses 4A16 to 4F16 vary according to Timer A’s operating
2: The access characteristics at addresses 5016 to 5316 vary according to Timer B’s operating
3: The access characteristics for bit 5 at addresses 5B16 and 5C16 vary according to Timer B’s

operating mode. Bit 5 at address 5D16 is invalid. (Refer to “CHAPTER 9. TIMER B.” )
4: Bit 1 at address 5F16 becomes “0” immediately after reset. For the M37721S1BFP, fix this bit to

Fig. 4.1.6 State of SFR and internal RAM areas immediately after reset (3)
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RESET

4.1 Hardware reset

Address Register name b7 Access characteristics bo b?tate immediately after reset bo
6016 Watchdog timer register (Note 5) ?(Note 6)

6116 Watchdog timer frequency select register | |RW ? 0
6216 Real-time output control register RW 0 | 0 | 0 | 0 | 0 | 0 | 0]0
6316 ?

6416 DRAM control register RWl | | | RW 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
6516 ?

6616 Refresh timer WO ?

6716 2

6816 DM AC control register L (Note 7) | | RW o|jofojoj|?2f2]0]0
6916 DMAC control register H RW WO o(0(0O]|jO0O|JOf(O|O]|O
6A16 ?

6B16 ?

6C16 DM AQ interrupt control register RW ? ojo0|O0foO
6D16 DMAL interrupt control register RW ? 0] 0]0f0O
6E16 DM A2 interrupt control register RW ? 0| 0]0(0O
6F16 DM A3 interrupt control register RW ? 01]0]0]0
7016 A-D conversion interrupt control register RW ? 0ofo0of[0]|O0
7116 UARTO transmit interrupt control register RW ? 01]0]0]0
7216  UARTO receive interrupt control register RW ? ofofo0O0]|O0
7316 UART1 transmit interrupt control register RW ? 0|0]0fO
7416 UART1 receive interrupt control register RW ? 0/0]0]O0
7516 Timer A0 interrupt control register RW ? 0/0]0]0
7616 Timer Al interrupt control register RW ? 0/0]0]O0
7716 Timer A2 interrupt control register RW ? ofofo0O]|oO
7816 Timer A3 interrupt control register RW ? ofofo0O]|O
7916 Timer A4 interrupt control register RW ? 0/]0]0]0
7A16 Timer BO interrupt control register RW ? ofofo0O]|O0
7B16 Timer B1 interrupt control register RW ? 0| 0]0(0O
7C16 Timer B2 interrupt control register RW ? o|0fO0OfO
7D16 INTo interrupt control register RW ? oj0jO0fO0O|O0O0]O
7E16 INT1 interrupt control register RW ? ofofojO]jOfO
7F16 INT2 interrupt control register RW ? 0|0jO0f0O|O0]O

Notes 5: By writing dummy data to address 6016, the value “FFF16” is set to the watchdog timer.
The dummy data is not retained anywhere.
6: The value “FFF16” is set to the watchdog timer. (Refer to “CHAPTER 15. WATCHDOG TIMER.”)
7: Itis possible to read the bit state at reading. When writing “0” to this bit, this bit becomes “0.”
But when writing “1” to this bit, this bit does not change.

Fig. 4.1.7 State of SFR and internal RAM areas immediately after reset (4)
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RESET

4.1 Hardware reset

Address Register name Access characteristics b?tate immediately after reset bo
1FCO16 RW ?

1FC1l16 Source address register 0 RW ?

1FC216 RW ?

1FC316 ?

1FC416 RW ?

1FC516 Destination address register 0 RW ?

1FC616 RW ?

1FC716 ?

1FC816 RW ?

1FC916 Transfer counter register 0 RW ?

1FCA16 RW ?

1FCB16 ?

1FCCise DMAOQ mode register L RW 00|00 \\Q§ 0|0
1FCD16 DMAO mode register H RW 0(0]|]0]O0 \\Q\ 0ofoO
1FCE16 DMAO control register [ | RW 2]2]ofo]o o|o
1FCF16 ?

1FDO16 RW ?

1FD116 Source address register 1 RW ?

1FD216 RW ?

1FD316 ?

1FD416 RW ?

1FD516 Destination address register 1 RW ?

1FD616 RW ?

1FD716 ?

1FD816 RW ?

1FD916 Transfer counter register 1 RW ?

1FDA16 RW ?

1FDB16 ?

1FDC1s6 DMA1 mode register L RW o[o]o[0R 0]0
1FDD16 DMA1 mode register H RW o[o]o[0R® 0fo0
1FDE16 DMAL control register | | RW ?212]0]0]0 0|0
1FDF16 ?

Fig. 4.1.8 State of SFR and internal RAM areas immediately after reset (5)
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RESET

4.1 Hardware reset

Address Register name b7 Access characteristics bo b?tate immediately after reset bo
1FEO16 RW ?

1FE116 Source address register 2 RW ?

1FE216 RW ?

1FE316 ?

1FE416 RW ?

1FES516 Destination address register 2 RW ?

1FE616 RW ?

1FE716 ?

1FES816 RW ?

1FE916 Transfer counter register 2 RW ?

1FEA16 RW ?

1FEB16 ?

1FEC16 DMA2 mode register L RW 0j|0f0]O 0|00
1FED16 DMA2 mode register H RW 0|0f[0O]|O \\Q§ 0|0
1FEE16 DMA2 control register [ | RW 2|2]oflo]ofofo]o
1FEF16 ?

1FFO016 RW ?

1FF116 Source address register 3 RW ?

1FF216 RW ?

1FF316 ?

1FF416 RW ?

1FF516 Destination address register 3 RW ?

1FF616 RW ?

1FF716 ?

1FF816 RW ?

1FF916 Transfer counter register 3 RW ?

1FFA16 RW ?

1FFB16 ?

1FFC16 DMA3 mode register L RW oloJojoRejo|o]o
1FFD16 DMA3 mode register H RW oloJo]oRefeyo]o
1FFE16 DMA3 control register | | RW 2/?2|10|]0|]0]0|0f0O
1FFF16 ?

e Internal RAM area (addresses 8016 to 27F16)D
*At hardware reset

(Except the case where Stop or Wait mode is terminated)............ccccovvieeeiiiiieeeniiinenne Undefined.
oAt SOFtWArE rESEL.......ceeviiieiiie e Retains the state immediately before reset
At termination of Stop or Wait mode

(Hardware reset is used to terminate it.)............... Retains the state immediately before the STP or

WIT instruction is executed

O For the M37721S2BFP, the internal RAM area can be assigned to addresses 8016 to 47F16 by
setting the internal RAM area select bit (bit 1 at address 5F16). (Refer to section “2.4 Memory
assighment.”)

Fig. 4.1.9 State of SFR and internal RAM areas immediately after reset (6)

4-10 7721 Group User’'s Manual



4.1.3 Internal processing sequence after reset
Figure 4.1.10 shows the internal processing sequence after reset.

RESET

4.1 Hardware reset

e External bus width = 16 bits (BYTE = “L")

0
dcry [ ] L
Ac—A7 0016 FEis ADL
AslDs—Ais/Dis X 00w - 0010 FFis >----- T R T -
AaolDo-Aas/Dr X 00w === 00z 00 -~y <00 i<
E [ [ [
e
RIW
ALE ] [ ] [ ]

e External bus width = 8 bits (BYTE = “H")

I e s A O A
dcru [ 1 [

Ao—A7 0016 FEis FF16 ADL

As—Ais 0016 FFis FFis ADH
AsslDo—Aea/Dr (00 p----- 00 00 ) —apry <00 oy O
E L [ [ [

RW
ALE ] [ ] [ ] [ ]

Fig. 4.1.10 Internal processing sequence after

reset
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RESET

4.1 Hardware reset

4.1.4 Time supplying “L” level to RESET pin
Time supplying “L” level to the RESET pin varies according to the state of the clock oscillation circuit.

e When the oscillator is stably oscillating or a stable clock is input from the Xin pin, supply “L” level for
2 uUs or more.

e When the oscillator is not stably oscillating (including the case at power-on reset or in Stop mode), supply
“L” level until the oscillation is stabilized.
The time required for stabilizing oscillation varies according to the oscillator. For details, contact the
oscillator manufacturer.
Figure 4.1.11 shows the power-on reset conditions. Figure 4.1.12 shows an example of a power-on reset
circuit.

O For details about Stop mode, refer to section “5.3 Stop mode.” For details about clocks, refer to
“CHAPTER 5. CLOCK GENERATING CIRCUIT.”

s

Powered on here

+ 45v
Vce
ov
RESET
=0.9v
ov — |
Fig. 4.1.11 Power-on reset conditions
- 5V
M37721
1| M51957AL Vee
Vcec
27kQ
2 IN ouT > RESET

47 Q

10kQ Delay| 4

capacity

GND | Vss
3 - Cd f SwW

GND

0 The delay time is about 11 ms when Cd= 0.033 pF.
td= 0.34 0 Cd [ ps], Cd: [pF]

Fig. 4.1.12 Example of power-on reset circuit
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RESET

4.2 Software reset

4.2 Software reset

When the power source voltage satisfies the microcomputer’'s recommended operating conditions, the
microcomputer is reset by writing “1” to the software reset bit (bit 3 at address 5Es). (This is called “
Software reset.”) In this case, the microcomputer initializes pins, CPU, and SFR area just as in the case of
a hardware reset. However, the microcomputer retains the contents of the internal RAM area. (Refer to
“Table 4.1.1" and “Figures 4.1.3 to 4.1.9.” ) Figure 4.2.1 shows the structure of the processor mode
register O (address 5Eus).

After completing initialization, the microcomputer performs “internal processing sequence after reset.” (Refer
to “Figure 4.1.10.” ) After that, it executes a program beginning from the address set into the reset vector
addresses (FFFEis and FFFFie).

b7 b6 b5 b4 b3 b2 bl bO

0 O| Processor mode register 0 (Address 5E16)

A Bit Bit name Functions Atreset| RW
oo ) o | Fixthis bitto “0” 0 | RW
A 1 | Nothing is assigned. 1 -
N This bit is “1” at reading.
E E E E E Rt 2 Wait bit 0 : Software Wait is inserted when 0 RW
o accessing external area.
- 1 : No software Wait is inserted
o when accessing external area.
T 3 | software reset bit The microcomputer is reset by 0 WO
- writing “1” to this bit.
- The value of this bit is “0” at
- reading.
Vo .. . b5 b4
T 4 Interrupt priority detection 00: 7 cycles of ¢ 0 RW
time select bits 01:4cycles of ¢
I 5 10: 2 cycles of ¢
HE 11 : Do not select. g RW
b b 6 | Fix this bit to * 0" 0 | RW
ERREE e L e R e LR R R LR 7 | Stack bank select bit 0: Bank 01

1: Bank FFus 0O | RW

E] : Bits 0 to 2 and bits 4 to 7 are not used for software reset.

Fig. 4.2.1 Structure of processor mode register 0
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RESET

4.2 Software reset

When the software reset bit is set to “1,” the RESETour pin’s output level becomes “L.” In a period of 4.5
cycles of clock @ after the software reset bit is set to “1,” the RESETour pin’s output level is “L.” Figure
4.2.2 shows the RESETour output timing at software reset.

/ Set software reset bit to “1”

o |1 L1 | L I 1 LI [
A
RESETour |

Fig. 4.2.2 RESET our output timing
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CLOCK GENERATING CIRCUIT

5.1 Oscillation circuit examples

5.1 Oscillation circuit examples
To the oscillation circuit, a ceramic resonator or a quartz-crystal oscillator can be connected, or the clock
which is externally generated can be input. Oscillation circuit examples are shown below.

5.1.1 Connection example using resonator/oscillator
Figure 5.1.1 shows an example when connecting a ceramic resonator/quartz-crystal oscillator between pins
Xin and Xour.

The circuit constants such as Rf, Rd, Cwn, and Cour (shown in “Figure 5.1.1” ) depend on the resonator/
oscillator. These values shall be set to the values

recommended by the resonator/oscillator
manufacturer.

5.1.2 Externally generated clock input example M37721
Figure 5.1.2 shows an input example of the clock

which is externally generated. The external clock XiN Xout
must be input from the X pin, and the Xour pin ° AN A ®
must be left open. R

2
r—l—
7]/'7 C 7]/'7 Cout

Fig. 5.1.1 Connection example using resonator/oscillator

M37721

XIN XouTt

T Open

Externally generated clock

ve LI LI LT
Vss

Fig. 5.1.2 Externally generated clock input example
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CLOCK GENERATING CIRCUIT

5.2 Clocks
5.2 Clocks
Figure 5.2.1 shows the clock generating circuit block diagram.
= f2
XiN Xout 1 » fi6 Operation clock for
fea internal peripheral devices
Interrupt request S Q 12 1/8 P> fs12
«~»  Watchdog timer
_ _ fs12 ‘0 frequency select bit
STP instruction R fa2 @ Watchdog
timer

wpn

WIT instruction R } o
J—d_/ (Note) ¥

Ready request dCcPU
m_ s o CPU wait request
from BIU

Bus request —e
1R DRAMC

Hold

DMAC

CPU : Central Processing Unit
BIU : Bus Interface Unit
Watchdog timer frequency select bit : Bit 0 at address 6116

Note: This signal is generated when the watchdog timer’s most significant bit becomes “0.”

Fig. 5.2.1 Clock generating circuit block diagram
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CLOCK GENERATING CIRCUIT
5.2 Clocks

5.2.1 Clocks generated in clock generating circuit

€]

(2

3)

4)

@
It is the operation clock of BIU. It is also the clock source of ¢cru.

@ stops by acceptance of Ready request or execution of the STP or WIT instruction. It is not stopped
by acceptance of bus request.

cru

It is the operation clock of CPU. ¢ru stops by the following:
*Execution of the STP or WIT instruction,

«Acceptance of Ready request; “L” level input to the RDY pin

*CPU wait request from BIU; Acceptance of bus request is included.

Clock @1

It has the same period as @ and is output to the external from the ¢ pin. Clock ¢ stops by execution
of the STP instruction.

It is not stopped by acceptance of Ready or bus request, or execution of the WIT instruction.

f2 to fs12
Each of them is the internal peripheral devices’ operation clock.

Note: Refer to each functional description for details:

eExecution of STP instruction ............. “5.3 Stop mode ”

*Execution of WIT instruction .............. “5.4 Wait mode ”

eREAAY ... “3.3 Ready function ”

*BUS reqUeSt ...cooviiiiieiiiieee e “13.2.1 Bus access control circuit "
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CLOCK GENERATING CIRCUIT
5.3 Stop mode

5.3 Stop mode

Stop mode is used to stop oscillation when there is no need to operate the central processing unit (CPU).
The microcomputer enters Stop mode when the STP instruction is executed.
Stop mode can be terminated by an interrupt request occurrence or the hardware reset.

5.3.1 Stop mode

When the STP instruction is executed, the oscillator stops oscillating. This state is called “Stop mode.”
In Stop mode, the contents of the internal RAM can be retained intact when Vcc (power source voltage)
is 2 V or more. Additionally, the microcomputer’s power consumption is lowered. It is because the CPU and
all internal peripheral devices using clocks f2 to fsi2 stop the operation.

Table 5.3.1 lists the microcomputer’s state and operation in and after Stop mode.

Table 5.3.1 Microcomputer’s state and operation in and after Stop mode

ltem State and Operation
State in Oscillation
Stop mode | ¢ru, @ Stopped
Clock @, f2 to fs12
Timers A, B Can operate only in event counter mode
s Serial 1/0 Can operate only when an external clock is selected
g A-D converter Stopped
oy DMA controller
c_Evs § DRAM controller Stopped (Note)
2 > | Watchdog timer Stopped
= 2| Pins Retains the same state in which the STP instruction was executed
Operation By interrupt request Supply of geeu and ¢ starts after a certain time measured by
after terminating | occurrence Watchdog timer has passed.
Stop mode By hardware reset Operates in the same way as hardware reset

Note: DRAM refresh is not performed because the refresh timer also stops.
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CLOCK GENERATING CIRCUIT
5.3 Stop mode

(1) Termination by interrupt request occurrence

When terminating Stop mode by interrupt request occurrence, instructions are executed after a
certain time measured by the watchdog timer has passed.

O When an interrupt request occurs, the oscillator starts oscillating. Simultaneously, supply of clock
@, f210 fs12 starts.

O The watchdog timer starts counting owing to the oscillation start. The watchdog timer counts fs2
regardless of the watchdog timer frequency select bit's (bit O at address 611s) contents.

O When the watchdog timer's MSB becomes “0,” supply of ¢gcru and @ starts. At the same time, the
watchdog timer’s count source returns to fs2 or fsi2 that is selected by the watchdog timer frequency
select bit.

O The interrupt request which occurred in O is accepted.

Table 5.3.2 lists the interrupts used to terminate Stop mode.

Table 5.3.2 Interrupts used to terminate Stop mode

Interrupt Conditions for using each function to generate interrupt request
INTi interrupt (i = 0 to 2)
Timer Ai interrupt (i = 2 to 4) In event counter mode
Timer Bi interrupt (i = 0, 1)
UARTI transmit interrupt (i = 0, 1) When external clock is selected

UARTI receive interrupt (i = 0, 1)

Notes 1: Since the oscillator has stopped oscillating, interrupts not listed above cannot be used. Also, even

the interrupts listed above cannot be used when the above conditions are not satisfied. The
A-D converter does not operate, also.

2: When multiple interrupts listed above are enabled, Stop mode is terminated by the interrupt
request which occurs first.

3: Refer to “CHAPTER 7. INTERRUPTS” and the description of each internal peripheral device for
details about each interrupt.

Before executing the STP_instruction, interrupts used to terminate Stop mode must be enabled.

In addition, the interrupt priority level of the interrupt used to terminate Stop mode must be higher
than the processor interrupt priority level (IPL) of the routine where the STP instruction is executed.
When multiple interrupts in Table 5.3.2 are enabled, Stop mode is terminated by the first interrupt
request.

There is a possibility that any of all interrupt requests occurs after the oscillation starts in 0 and until
supply of @ru and @ starts in 0. The interrupt requests which occur during this period are accepted
in order of priority after the watchdog timer's MSB becomes “0.”

For interrupts not to be accepted, set their interrupt priority levels to level 0 (interrupt disabled)
before executing the STP instruction.
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CLOCK GENERATING CIRCUIT

5.3 Stop mode

Stop mode

eI AVAVAVAV AR VA VR AVAVAVAVAVAVAVAVAY
o 1] LI LU
JERERNN

I

dcru, O

Interrupt request
used to terminate

Stop mode
(Interrupt request bit) fa2 [0 2048 counts
S & »
Value of Watchdog timer
= =Y T .., -
CPU  Operating Stopped Stopped Operating
Internal peripheral devices  Operating Stopped Operating Operating

e STP instruction e Interrupt request used to e Watchdog timer's MSB = “0”
is executed terminate Stop mode (However, watchdog timer interrupt

occurs. request does not occur.)

e Oscillation starts.(When o Supply of ¢cpu, ¢ starts.
an external clock is input e Interrupt request which has been used
from the Xin pin, clock to terminate Stop mode is accepted.
input starts.)

e Watchdog timer starts
counting.

Fig. 5.3.1 Stop mode terminating sequence by interrupt request occurrence

(2) Termination by hardware reset
Supply “L” level to the RESET pin by using the external circuit until the oscillation of the oscillator
is stabilized.
The CPU and the SFR area are initialized in the same way as system reset. However, the internal
RAM area retains the same contents as that before executing the STP instruction. The terminating
sequence is the same as the internal processing sequence which is performed after reset.
Refer to “CHAPTER 4. RESET” for details about reset.

7721 Group User's Manual 5-7



CLOCK GENERATING CIRCUIT
5.3 Stop mode

[Precautions for Stop mode]

When executing the STP instruction after writing to an internal area or an external area, three NOP instructions

must be inserted to complete the write operation before the STP instruction is executed. (Refer to “Figure
5.3.2.")

STA A, OOOO ; Write instruction

NOP ;  NOP instruction inserted
NOP ;

NOP ;

STP ;  STP instruction

Fig. 5.3.2 NOP instruction insertion example
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5.4 Wait mode

5.4 Wait mode

Wait mode is used to stop ¢ru and @ when there is no need to operate the central processing unit (CPU).
The microcomputer enters Wait mode when the WIT instruction is executed.
Wait mode can be terminated by an interrupt request occurrence or the hardware reset.

5.4.1 Wait mode

When the WIT instruction is executed, ¢gru and ¢ stop. The oscillator’s oscillation is not stopped. This state
is called “Wait mode.”

In Wait mode, the microcomputer’s power consumption is lowered though Vcc (power source voltage) is
maintained.

Table 5.4.1 lists the microcomputer’s state and operation in and after Wait mode.

Table 5.4.1 Microcomputer’s state and operation in and after Wait mode

Item State and Operation
State in Oscillation Operating
Wait mode |¢cpu, ¢ Stopped
Clock ¢, f2 to fs12 Operating
§ Timer A
g ;Ien:i: F/’O Operating
& | A-D converter
% DMA controller Stopped
TC: DRAM controller Stopped (Note)
g Watchdog timer Operating
E Pins Retains the same state in which the WIT instruction was executed
Operation after | By interrupt request occurrence Supply of ¢gcpu and ¢ starts just after the termination.
ter'm|nat|ng By hardware reset Operates in the same way as hardware reset.
Wait mode

Note: The refresh timer operates, but DRAM refresh is not performed because the bus request (DRAMC)
does not occur. (Refer to section “Appendix 9. 7721 Group Q & A.” )
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5.4 Wait mode

€]

(2

Termination by interrupt request occurrence
O When an interrupt request occurs, supply of ¢eruand ¢ starts.
O The interrupt request which occurred in 0O is accepted.

The following interrupts are used to terminate Wait mode.
When a watchdog timer interrupt request occurs, Wait mode is also terminated.

«INT: interrupt (i = 0 to 2)

eTimer Ai interrupt (i = 0 to 4)
eTimer Bi interrupt (i = 0 to 2)
*UARTI transmit interrupt (i = 0, 1)
*UARTI receive interrupt (i = 0, 1)
*A-D converter interrupt

Note: Refer to “CHAPTER 7. INTERRUPTS” and each functional description about interrupts.

Before executing the WIT instruction, interrupts used to terminate Wait mode must be enabled.

In addition, the interrupt priority level of the interrupt used to terminate Wait mode must be higher
than the processor interrupt priority level (IPL) of the routine where the WIT instruction is executed.
When multiple interrupts listed above are enabled, Wait mode is terminated by the interrupt request
which occurs first.

Termination by hardware reset

The CPU and the SFR area are initialized in the same way as system reset. However, the internal
RAM area retains the same contents as that before executing the WIT instruction. The terminating
sequence is the same as the internal processing sequence which is performed after reset.

Refer to “CHAPTER 4. RESET” for details about reset.

5-10
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5.4 Wait mode

[Precautions for Wait mode]

When executing the WIT instruction after writing to an internal area or an external area, three NOP instructions

must be inserted to complete the write operation before the WIT instruction is executed. (Refer to “Figure
5.4.1.7)

STA A, O0OOO ; Write instruction

NOP ; NOP instruction inserted
NOP ;

NOP ;

WIT ; WIT instruction

Fig. 5.4.1 NOP instruction insertion example
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5.4 Wait mode

MEMORANDUM

5-12 7721 Group User’s Manual



CHAPRPTER ©
INPUT/OUTPUT
PINS

6.1 Overview
6.2 Programmable 1/0O ports
6.3 Examples of handling unused pins



INPUT/OUTPUT PINS

6.1 Overview, 6.2 Programmable 1/O ports

6.1 Overview

Input/output pins (hereafter called 1/O pins) have functions as programmable 1/O ports, internal peripheral
devices’s I/O pins, external buses, etc.

For the basic functions of each 1/O pin, refer to section “1.3 Pin description.” For the I/O functions of the
internal peripheral devices, refer to relevant sections of each internal peripheral device. For the external
address bus, external data bus, bus control signals, etc., refer to “CHAPTER 3. CONNECTION WITH
EXTERNAL DEVICES.”

This chapter describes the programmable 1/O ports and examples of handling unused pins.

6.2 Programmable I/O ports
The programmable 1/O ports have direction registers and port registers in the SFR area. Figure 6.2.1 shows
the memory map of direction registers and port registers.

Addresses

Aie6 | Port P4 register

Bi6 | Port P5 register

C16 | Port P4 direction register

D16 | Port P5 direction register

Ei6 | Port P6 register
F16 | Port P7 register
1016 | Port P6 direction register

1116 | Port P7 direction register
1216 | Port P8 register

1316 | Port P9 register
1416 | Port P8 direction register

1516 | Port P9 direction register

1616 | Port P10 register
1716

1816 | Port P10 direction register

Fig. 6.2.1 Memory map of direction registers and port registers
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INPUT/OUTPUT PINS

6.2 Programmable 1/O ports

6.2.1 Direction register

This register determines the I/O direction of programmable 1/O ports. Each bit of this register corresponds
one for one to each pin of the microcomputer.

Figure 6.2.2 shows the structure of port Pi (i = 4 to 10) direction register.

b7 b6 b5 b4 b3 b2 bl bo

Port Pi direction register (i = 4 to 10)
(Addresses Cis, D16, 1016, 1116, 1416, 1516, 1816)

R Bit Bit name Functions Atreset| RW
N SREEES 0 | Port Pio direction bit 0 : Input mode 0 RW
o - (The port functions as an input port)

P : 1 Port Pix direction bit 1: Output mode 0 RW
L ELErtE 2 Port Piz direction bit (The port functions as an output port) 0 RW
B RRREEE 3 Port Pis direction bit 0 RW
T RRRRE R 4 Port Pi direction bit 0 RW
A IR 5 Port Pis direction bit 0 RW
E . 6 Port Pis direction bit 0 RW
REEEEEEEEEPPEEEEPEEEE 7 | Port Pir direction bit o | RwW

Note: For bits 0 to 2 of the port P4 direction register, nothing is assigned and these bits are fixed to “0” at
reading.

Fig. 6.2.2 Structure of port Pi (i = 4 to 10) direction register
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INPUT/OUTPUT PINS

6.2 Programmable 1/O ports

6.2.2 Port register

Data is input from or output to the external by writing/reading data to/from a port register. A port register
consists of a port latch which holds the output data and a circuit which reads the pin state. Each bit of the
port register corresponds one for one to each pin of the microcomputer. Figure 6.2.3 shows the structure
of the port Pi (i = 4 to 10) register.

e When outputting data from programmable I/O port set to output mode

O By writing data to the corresponding bit of the port register, the data is written into the port latch.

O The data is output from the pin according to the contents of the port latch.

By reading the port register of a port set to the output mode, the contents of the port latch is read
out, instead of the pin state. Accordingly, the output data is correctly read without being affected by

an external load, etc. (Refer to “Figures 6.2.4 and 6.2.5.” )

e When inputting data from programmable 1/O port set to input mode
O A pin which is set to the input mode enters the floating state.

O By reading the corresponding bit of the port register, the data which is input from the pin can be

read out.

By writing data to the port register of a programmable 1/O port set to the input mode, the data is written

only into the port latch and is not output to the external (Note). The pin remains floating.

Note: When executing a read-modify-write instruction (CLB, SEB, INC, DEC, ASL, ASR, LSR, ROL,
ROR) to the port register of a programmable 1/O port set to the input mode, the instruction is
executed to the data which is input from the pin and the result is written into the port register.

b7 b6 b5 b4 b3 b2 bl bo

____________________________

| I I I I I I I | Port Pi register (i =4 to 10)
(Addresses Azs, Bis, E16, F16, 1216, 1316, 1616)

Bit Bit name Functions Atreset | RW
0 | Port Pio’s pin Data is input from or output to a pin | Undefined [ RW
- - by reading from or writing to the
1 Port Pi1’s pin corresponding bit. Undefined| RW
2 Port Pi2's pin 0:“L” level Undefined| RW
] ] 1:“H" level
3 Port Pi3’s pin Undefined| RW
4 Port Pi4’s pin Undefined| RW
5 Port Pis’s pin Undefined[ RW
6 Port Pis’s pin Undefined| RW
7 Port Pi7’s pin Undefined| RW

Note: For bits 0 to 2 of the port P4 register, nothing is assigned and these bits are fixed to “0” at reading.

Fig. 6.2.3 Structure of port Pi (i = 4 to 10) register
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INPUT/OUTPUT PINS

6.2 Programmable 1/O ports

Figures 6.2.4 and 6.2.5 show the port peripheral circuits.

[Inside dotted-line not included]
Ports P43 to P4s

[Inside dotted-line included] Data bus

Ports P47, P51/TA2n, P53/TA3N,
P5s/TA4in, P56/TBOW, P57/TB1m,
P82/RxDo, P8s/RxD1,
P9:/DMAREQO, P9:/DMAREQ1,
P9s/DMAREQ2, P9:/DMAREQ3,
P100/INTo, P101/INT1, P102/INT2,

(There is no hysteresis for P82/RxDo and P8s/RxD:.)

[Inside dotted-line not included]

Ports P83/TxDo, P87/TxDx,
P9./DMAACKO, P92/DMAACK1,
P94/DMAACK2, P9s/DMAACKS,
P104/CAS, P10s/RAS,
P10s/MAs, P107/MAs

) o Data bus
[Inside dotted-line included]
Ports P50/TA20ut, P52/TA3our, P54/TA4o0ut
Ports P60/RTPOo to P6:/RTP13
Data bus

7“' Port latch

—I Direction register I»

bl
~N

ka Zﬂ

—| Direction register |—

“qn ‘
(imern(a)I ;ligl&'éj g‘;@*’— }

‘-I Port latch

3J

ka A—‘ i

~| Direction register |>

Timer underflow signal— CK

< Dﬁj
-I Port latch |>—_Z\O T
i S nel
N
;
~N
—I Latch I— T Q[

Fig. 6.2.4 Port peripheral circuits (1)
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INPUT/OUTPUT PINS

6.2 Programmable 1/0 ports

[Inside dotted-line not included]
Ports P70/ANo to P7s/ANs

[Inside dotted-line included]
Port P77/AN7/ADtrc

Ports P8o/CTSo/RTSo, P81/CLKo,
P84/CTS1/RTS1, P8s/CLK:1

Port P10s/TC

E output pin

Data bus

Data bus

Data bus —««I Port latch |‘

~| Direction register |~

1

~

7" Port latch

ol
D O

Zk—‘ Zﬂ-

Analog input

‘l Direction register |>

L,

o

!
~ Output—a |
>_I Port latch I (internal penB\e ald‘e;\ZE’“O—

—I Direction register |—

bl

~N

I

Fig. 6.2.5 Port peripheral circuits (2)
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6.3 Examples of handling unused pins

6.3 Examples of handling unused pins

When unusing an 1/0O pin, some handling is necessary for the pin. Examples of handling unused pins are
described below.

The following are just examples. The user shall modify them according to the user’s actual application and
test them.

Table 6.3.1 Examples of handling unused pins
Pin name Handling example

P4s to P47, P5 to P10 Set these pins to the input mode and connect each
pin to Vcc or Vss via a resistor; or set these pins to
the output mode and leave them open (Notes 1 and 2).

BLE, BHE, ALE, @, STO, ST1 Leave them open.

Xout (Note 3)

HOLD, RDY Connect these pins to Vcc via a resistor (pull-up) (Note 2).
CNVss Connect this pin to Vcc or Vss.

AVcc Connect this pin to Vcc.

AVss, Vrer Connect these pins to Vss.

Notes 1: When leaving these pins open after they are set to the output mode, note the following: these pins
function as input ports from reset until they are switched to the output mode by software. Therefore,
voltage levels of these pins are undefined and the power source current may increase while these
pins function as input ports. After reset, immediately set these ports to the output mode.
Software reliability can be enhanced by setting the contents of the above ports’ direction registers
periodically. This is because these contents may be changed by noise, a program runaway which
occurs owing to noise, etc.

2: For unused pins, use the shortest possible wiring (within 20 mm from the microcomputer’s pins).
3: This applies when a clock externally generated is input to the X pin.

e \When setting ports to input mode e When setting ports to output mode
P43—-P47, P5-P10 —/\/\/\/— P43-P47, P5-P10 —— Left open
STO[— STO—
STL— STif—
BLE|— BLE[—
BHE Left open BHE Left open
ALE [— ALE[—
— I
r< 0 r< ¢1
2 Xout |— Left open cﬁ Xoutr[—— Left open
~ Vce ~ Vce
N < N
= =
HOLD HOLD
RDY RDY
AVcc AVce
CNVssO CNVssH
AVss AVss
VRer VRer
7I7" Vss 7" Vss
00 CNVss can be connected to Vcc, too.

Fig. 6.3.1 Examples of handling unused pins
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6.3 Examples of handling unused pins

MEMORANDUM

6—8 7721 Group User's Manual



CHAPRPTER 7
INTERRUPTS

7.1 Overview

7.2 Interrupt sources

7.3 Interrupt control

7.4 Interrupt priority level

7.5 Interrupt priority level detection circuit

7.6 Interrupt priority level detection time

7.7 Sequence from acceptance of interrupt
request until execution of interrupt routine

7.8 Return from interrupt routine

7.9 Multiple interrupts

7.10 External interrupts (INT: interrupt)

7.11 Precautions for interrupts



INTERRUPTS

7.1 Overview

7.1 Overview

The M37721 provides 23 interrupt sources to generate interrupt requests.

Figure 7.1.1 shows the interrupt processing sequence.

When an interrupt request is accepted, a branch is made to the start address of the interrupt routine set
in the interrupt vector table (addresses FFCEis to FFFF1s). Set the start address of each interrupt routine
to the corresponding interrupt vector address in the interrupt vector table.

Routine in progress

Interrupt routine

Interrupt processing
Interrupt request is accepted. —m=

Processing is resumed.

RTI instruction

Fig. 7.1.1 Interrupt processing sequence
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INTERRUPTS

7.1 Overview

When an interrupt request is accepted, the following registers’ contents just before acceptance of an interrupt
request are automatically pushed onto the stack area OO -0 - 0O in that order.

O Program bank register (PG)
O Program counter (PCt, PCh)
O Processor status register (PS., PSw)

Figure 7.1.2 shows the state of the stack area just before entering the interrupt routine.

Execute the RTI instruction at the end of this interrupt routine to return to the routine that the microcomputer
was executing before the interrupt request was accepted. By executing the RTI instruction, the register
contents pushed onto the stack area are pulled 00 -0 -0 in that order. Then, the suspended processing is
resumed from where it left off.

Stack area
Address

[S]-5

[S] -4 Processor status register’s low-order byte (PSL)

[S]-3 Processor status register’s high-order byte (PSH)

[S]-2 Program counter’s low-order byte (PCL)
[S]-1 Program counter’s high-order byte (PCH)
[S]D Program bank register (PG)

O [S]is an initial address that the stack pointer (S) indicates
when an interrupt request is accepted. The S’s contents
become “[S] — 5" after all of the above registers are pushed.

Fig. 7.1.2 State of stack area just before entering interrupt routine
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7.2 Interrupt sources

7.2 Interrupt sources

Table 7.2.1 lists the interrupt sources and the interrupt vector addresses. When programming, set the start
address of each interrupt routine at the vector addresses listed in this table.

Table 7.2.1 Interrupt sources and interrupt vector addresses

Interrupt source Interrupt vector addresses Remarks Reference
High-order Low-order
address address
Reset FFFFis FFFEs Non-maskable 4. RESET
Zero division FFFD1s FFFCis Non-maskable software interrupt | 7700 Family Software
BRK instruction FFFB1s FFFA16 Non-maskable software interrupt | Manual
DBC (Note) FFF916 FFF816 Do not use.
Watchdog timer FFF71s FFF61s Non-maskable interrupt 15. WATCHDOG TIMER
INTo EFE51s FFF416 Maskable external interrupts |7.10 External interrupts
INT: FFF316 FFF216 (INTi interrupt)
INT2 FFF11e FFFO1e
Timer A0 FFEF1s FFEE1s Maskable internal interrupts |8. TIMER A
Timer Al FFED1s FFECis
Timer A2 FFEB:s FFEA:s
Timer A3 FFE91s FFE81s
Timer A4 FFE71s FFE®61s6
Timer BO FFE516 FFE416 Maskable internal interrupts |9. TIMER B
Timer B1 FFE31s FFE21s6
Timer B2 FFE11s FFEO1s
UARTO receive FFDF16 FFDE1s Maskable internal interrupts | 11. SERIAL 1/O
UARTO transmit FFDDa1s FFDCis
UART1 receive FFDB1s FFDA1s
UART1 transmit FFD91s FFD81s
A-D conversion FFD716 FFD61s Maskable internal interrupt |12. A-D CONVERTER
DMAO FFD516 FFD416 Maskable internal interrupts [13. DMA CONTROLLER
DMA1 FFD316 FFD216
DMA2 FFD116 FFDO1s
DMA3 FFCF1e FFCE1s

Note: The DBC interrupt is used exclusively for debugger control.

e Maskable interrupt:
e Non-maskable interrupt

An interrupt of which request’s acceptance can be disabled by software.
(including Zero division, BRK instruction, Watchdog timer interrupts):

An interrupt which is certain to be accepted when its request occurs. These interrupts do not have their
interrupt control registers and are not affected by the interrupt disable flag (I).
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7.3 Interrupt control

7.3 Interrupt control
The maskable interrupts are controlled by the following :
eInterrupt request bit

eInterrupt priority level select bits

*Processor interrupt priority level (IPL) Assigned to the processor status register (PS).
Interrupt disable flag (I)

} Assigned to the interrupt control register of each interrupt.

Figure 7.3.1 shows the memory assignment of the interrupt control registers, and Figure 7.3.2 shows their
structures.

Address
6C16 DMAQO interrupt control register
6D16 DMAL1 interrupt control register
6E16 DMAZ interrupt control register
6F16 DMAS interrupt control register
7016 A-D conversion interrupt control register
7116 UARTO transmit interrupt control register
7216 UARTO receive interrupt control register
7316 UART1 transmit interrupt control register
7416 UART1 receive interrupt control register
7516 Timer AQ interrupt control register
7616 Timer Al interrupt control register
7716 Timer A2 interrupt control register
7816 Timer A3 interrupt control register
7916 Timer A4 interrupt control register
TAz16 Timer BO interrupt control register
7B16 Timer B1 interrupt control register
7C1s Timer B2 interrupt control register
7D1s INTo interrupt control register
7E16 INTz interrupt control register
7TF16 INT2 interrupt control register

Fig. 7.3.1 Memory assignment of interrupt control registers
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7.3 Interrupt control

b7 b6 b5 b4 b3

b7 b6

O

b2 bl bo

DMAO to DMA3, A-D conversion, UARTO and 1 transmit, UARTO and 1 receive, timers A0 to A4, timers B0 to B2
interrupt control registers (Addresses 6C1s to 7Cs)

Bit

Bit name

Functions

At reset

RW

Interrupt priority level
select bits

b2 bl b0
000 : Level O (Interrupt disabled)
001:Levell

010:

Level 2
: Level 3
: Level 4
: Level 5
: Level 6
i Level 7

0

RW

RW

RW

Interrupt request bit

0:
1:

No interrupt requested
Interrupt requested

RW

7t04

Nothing is assigned.

Undefined

| INTo to INT2 interrupt control registers (Addresses 7D1s to 7F1s)

Bit

Bit name

Functions

At reset

RW

Interrupt priority level
select bits

b2 bl bo

0 00 : Level O (Interrupt disabled)
001:Levell

010:Level2

011:Level3

100: Level 4

101:Level5

110:Level 6

111:Level?7

0

RW

RW

RW

Interrupt request bit (Note)

= O

: No interrupt requested
: Interrupt requested

RwW

Polarity select bit

0 : Interrupt request bit is set to “1”

at “H” level when level sense is
selected; this bit is set to “1” at
falling edge when edge sense is
selected.

: Interrupt request bit is set to “1”

at “L” level when level sense is

selected; this bit is set to “1” at
rising edge when edge sense is
selected.

RW

Level sense/Edge sense
select bit

: Edge sense
: Level sense

RW

7,6

Nothing is assigned.

Undefined

Note: The interrupt request bits of INTo to INT2 interrupts are invalid when the level sense is selected.

Fig. 7.3.2 Structures of interrupt control register
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7.3 Interrupt control

7.3.1 Interrupt disable flag (I)

All maskable interrupts can be disabled by this flag. When this flag is set to “1,” all maskable interrupts
are disabled; when this flag is cleared to “0,” those interrupts are enabled. Because this flag is set to “1”
at reset, clear this flag to “0” when enabling interrupts.

7.3.2 Interrupt request bit

When an interrupt request occurs, this bit is set to “1.” This bit remains set to “1” until the interrupt request
is accepted; it is cleared to “0” when the interrupt request is accepted.

This bit can also be set to “0” or “1” by software.

The INT: interrupt request bit (i = 0 to 2) is ignored when the INT: interrupt is used with level sense.

7.3.3 Interrupt priority level select bits and processor interrupt priority level (IPL)

The interrupt priority level select bits are used to determine the priority level of each interrupt.

When an interrupt request occurs, its interrupt priority level is compared with the processor interrupt priority
level (IPL). The requested interrupt is enabled only when the comparison result meets the following condition.
Accordingly, an interrupt can be disabled by setting its interrupt priority level to 0.

Each interrupt priority level > Processor interrupt priority level (IPL)

Table 7.3.1 lists the setting of interrupt priority level, and Table 7.3.2 lists the interrupt enabled level
corresponding to IPL contents.

The interrupt disable flag (1), interrupt request bit, interrupt priority level select bits, and processor interrupt
priority level (IPL) are independent of one another; they do not affect one another. Interrupt requests are
accepted only when the following conditions are satisfied.

Interrupt disable flag (I) = “0”
eInterrupt request bit = “1”
eInterrupt priority level > Processor interrupt priority level (IPL)
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7.3 Interrupt control

Table 7.3.1 Setting of interrupt priority level

Interrupt priority level select bits Interrupt priority level Priority

b2 bl b0

0 0 0 Level O (Interrupt disabled) —

0 0 1 Level 1 Low
0 1 0 Level 2

0 1 1 Level 3

1 0 0 Level 4

1 0 1 Level 5

1 1 0 Level 6

1 1 1 Level 7 High

Table 7.3.2 Interrupt enabled level corresponding to IPL contents

IPL2 IPL1 IPLo Enabled interrupt priority level

0 0 0 Enable level 1 and above interrupts.

0 0 1 Enable level 2 and above interrupts.

0 1 0 Enable level 3 and above interrupts.

0 1 1 Enable level 4 and above interrupts.

1 0 0 Enable level 5 and above interrupts.

1 0 1 Enable level 6 and level 7 interrupts.

1 1 0 Enable only level 7 interrupt.

1 1 1 Disable all maskable interrupts.

IPLo: Bit 8 in processor status register (PS)
IPL:: Bit 9 in processor status register (PS)
IPL2: Bit 10 in processor status register (PS)
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7.4 Interrupt priority level

7.4 Interrupt priority level

When the interrupt disable flag (I) = “0” (interrupts enabled) and more than one interrupt request is detected
at the same sampling timing, which means a timing to check whether an interrupt request exists or not, they
are accepted in order of priority levels. In other words, the interrupt request with the highest priority level
is accepted first.

Among a total of 23 interrupt sources, the user can set the desired priority levels for 20 interrupt sources
except software interrupts (zero division and BRK instruction interrupts) and the watchdog timer interrupt.
Use the interrupt priority level select bits to set their priority levels. Priority levels of reset, which is handled
as the interrupt request with the highest priority, and the watchdog timer interrupt are set by hardware.
Figure 7.4.1 shows the interrupt priority set by hardware.

Note that software interrupts are not affected by the interrupt priority levels. Whenever the instruction is
executed, a program certainly branches to the interrupt routine.

Reset > Watchdog > | > 000000000000000000 >
timer

Priority levels determined by hardware | 20 interrupt sources except software interrupts
L and watchdog timer interrupt

The user can set the desired priority levels inside of the dotted line.
<€ >
Low Priority level High

Fig. 7.4.1 Interrupt priority level set by hardware
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7.5 Interrupt priority level detection circuit

7.5 Interrupt priority level detection circuit

The interrupt priority level detection circuit selects the interrupt with the highest priority level when more than
one interrupt request occurs at the same sampling timing. Figure 7.5.1 shows the interrupt priority level
detection circuit.

Interrupt priority level  Level O (initial value)
S
: DMA3
| |
| | v
| |
|
: DMA2
| |
| | v
| |
|
: DMAL
| |
| | v
| |
I DMAO '
: |
| | v Interrupt priority level
| | ey
| |
! I ! |
! | ! |
! I ! |
| — | l |
| UARTL1 transmit I |
| |
| : l :
| | l |
| - | |
| [UARTL receive H |
[ | I [
| \/ | |
: ' | '
| [UARTO wansmit : !
[ : I :
! \/ ! |
: ' | '
| |LUARTO receive I
| |
|
| 1 \/ |
: | |
| |
| | |
! : | |
} |
| | |
| | |
| - | |
! T |
| | |
L J v _________ J
Interrupt with the highest priority level ¢ - o
Processor interrupt priority level
Interrupt
disable flag (1)
Watchdog timer interrupt —l_-l—/ Accepting of interrupt request
Reset

Fig. 7.5.1 Interrupt priority level detection circuit
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7.5 Interrupt priority level detection circuit

The following explains the operation of the interrupt priority detection circuit using Figure 7.5.2.

The interrupt priority level of a requested interrupt (Y in Figure 7.5.2) is compared with the resultant priority
level which is sent from the preceding comparator (X in Figure 7.5.2); the interrupt with the higher priority
level is sent to the next comparator (Z in Figure 7.5.2). (Initial comparison value of “X” is “0.”) For an
interrupt which is not requested, the comparison is not performed and the priority level which is sent from
the preceding comparator is forwarded to the next comparator as it is. When the two priority levels are found
the same by comparison, the priority level which is sent from the preceding comparator is forwarded to the
next comparator. Accordingly, when the same priority level is set by software, the interrupt priority levels are
handled as follows:

DMA3 > DMA2 > DMA1 > DMAO > A-D conversion > UART1 transmit > UART1 receive > UARTO transmit
> UARTO receive > Timer B2 > Timer B1 > Timer BO > Timer A4 > Timer A3 > Timer A2 > Timer Al > Timer
AO > INT2 > INT:1 > INTo

Among the multiple interrupt requests sampled at the same time, one request with the highest priority level
is detected by the above comparison.

Then, this highest interrupt priority level is compared with the processor interrupt priority level (IPL). When
this interrupt priority level is higher than the processor interrupt priority level (IPL) and the interrupt disable
flag (1) is “0,” the interrupt request is accepted. A interrupt request which is not accepted here is held until
it is accepted or its interrupt request bit is cleared to “0” by software.

The interrupt priority is detected when the CPU fetches an op code, which is called the CPU’s op-code fetch
cycle. However, when an op-code fetch cycle starts during detection of an interrupt priority, a new interrupt
priority detection does not start. (Refer to “Figure 7.6.1.” ) Since the state of the interrupt request bit and
interrupt priority levels are latched during the interrupt priority detection, even if they change, the interrupt
priority detection is performed for the previous state before the change occurred.

The interrupt priority level is detected when the CPU fetches an op code. Therefore, in the following
execution or states, after the execution or state is terminated, no interrupt request is accepted until the CPU
fetches the op code of the next instruction.

*Execution of an instruction which requires many cycles, such as the MVN or MVP instruction

«During DRAM refreshment

*During Hold state

*During DMA transfer

Y
Interrupt source Y |

Comparator | X : Priority level sent from the preceding
(Priority level comparator (Highest priority at this point)
comparison) | Y : Priority level of interrupt source Y

Z : Highest priority at this point

Z
‘ eWhen X 2 YthenZ=X
eWhen X < YthenZ=Y

Fig. 7.5.2 Interrupt priority level detection model
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7.6 Interrupt priority level detection time

7.6 Interrupt priority level detection time

When the interrupt priority level detection time has passed after sampling starts, an interrupt request is
accepted. The interrupt priority level detection time can be selected by software. Figure 7.6.1 shows the
interrupt priority level detection time. Usually, select “2 cycles of ¢’ as the interrupt priority level detection
time.

(1) Interrupt priority detection time select bits

b7 b6 b5 b4 b3 b2 bl bO

Processor mode register 0 (Address 5E16)

I L — 1. Processor mode bits

—————— Wait bit
Software reset bit

——————————— Interrupt priority detection time select bits

00 |7cycles of ¢ [(a) shown below]

01 [4cyclesof ¢ [(b) shown below]

10 [2cyclesof ¢ [(c) shown below]

11 [ Do not select.
——————————————— Must be fixed to “0.”

e e Clock o¢1 output select bit

(2) Interrupt priority level detection time

Op-code fetch cycle [ ] [ ]
Sampling pulse [ 71 (Note)
zl) 7 cycles | |
Interrupt priority level b |
detection time | () 4 cycles | |

(c) 2 cycles | | | |

Note: The pulse resides when “2 cycles of ¢ " is selected.

Fig. 7.6.1 Interrupt priority level detection time
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7.7 Sequence from acceptance of interrupt request until execution of interrupt routine

7.7 Sequence from acceptance of interrupt request until execution of interrupt routine

The sequence from the acceptance of interrupt request until the execution of the interrupt routine is described
below.

When an interrupt request is accepted, the interrupt request bit of the accepted interrupt is cleared to “0.”
And then, the interrupt processing starts from the cycle just after the completion of the instruction which was
executed at accepting the interrupt request. Figure 7.7.1 shows the sequence from acceptance of interrupt
request to execution of interrupt routine. After execution of an instruction at accepting the interrupt request
is completed, an INTACK (Interrupt Acknowledge) sequence is executed, and a branch is made to the start
address of the interrupt routine allocated in addresses 0is t0 FFFFus.

The INTACK sequence is automatically performed in the following order.

O The contents of the program bank register (PG) just before performing the INTACK sequence are pushed
onto stack.

O The contents of the program counter (PC) just before performing the INTACK sequence are pushed onto
stack.

O The contents of the processor status register (PS) just before performing the INTACK sequence is
pushed onto stack.

O The interrupt disable flag (I) is set to “1.”

O The interrupt priority level of the accepted interrupt is set into the processor interrupt priority level (IPL).

O The contents of the program bank register (PG) are cleared to “001,” and the contents of the interrupt
vector address are set into the program counter (PC).

Performing the INTACK sequence requires at least 13 cycles of internal clock ¢. Figure 7.7.2 shows the
INTACK sequence timing. After the INTACK sequence is completed, the instruction execution starts from the
start address of the interrupt routine.

Interrupt request is accepted.
Interrupt request occurs%}

@ @ e
Time
ya 4} “« “« /
Instruction | Instruction INTACK sequence Instructions in interrupt routine
1 2

/ 0| o 0 _ /

Interrupt response time

»| @ : Interrupt priority level detection time

O Time from the occurrence of an interrupt request until the instruction execution which is in progress
at that time is completed.

O Time from when execution of an instruction next to 0 begins (Note) until the instruction execution
which is in progress at completion of interrupt priority level detection.
Note: At this time, detection of interrupt priority level begins.

O Time required to execute the INTACK sequence (13 cycles of ¢ at minimum)

Fig. 7.7.1 Sequence from acceptance of interrupt request until execution of interrupt routine
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7.7 Sequence from acceptance of interrupt request until execution of interrupt routine

e When stack pointer (S)’s contents are even and no Wait

Internal
clock ¢
o MW FAE R R AR

Ap

PG>< 00 ><00><00><00><00><00><00><0;0>< 00 ><

AH

PCH >< 00 >< [SIH ><([S]—1)H ([SI-2)HN\([SI-3)HA([S]-4)HX([S]-5)H ([S]—5)>->< FFis ><

AL

PCL 00 >< [Sl. ><([S]—1)L ([S]—2)L><([S]—3)L ([S]—4)|.><([S]—5)L ([S]‘—5)|.>< XX16 >< ADL ><:

DH

Y222/ e Y7720 0o K220 25 X227 2o

>< Op-code

D

Y7722 3% X_pe XK _po- KK 2 XK 2o

>< Op-code

Interrupt
disable
flag (1)

AH : Middle-order 8 bits of CPU internal address bus  XX1s
AL : Low-order 8 bits of CPU internal address bus ADH
D : CPU internal data bus for odd address ADL
DL : CPU internal data bus for even address

INTACK sequence
- 1
Ocpu : CPU standard clock : Not used
AP : High-order 8 bits of CPU internal address bus [S] : Contents of stack pointer (S)

: Low-order 8 bits of vector address
: Contents of vector address (High-order address)
: Contents of vector address (Low-order address)

Fig. 7.7.2 INTACK sequence timing (at minimum)

7.7.1 Change in IPL at acceptance of interrupt request

When an interrupt request is accepted, the processor interrupt priority level (IPL) is replaced with the
interrupt priority level of the accepted interrupt. This results in easy control of the processing for multiple

interrupts. (Refer to section “7.9 Multiple interrupts.”

At reset or when a watchdog timer interrupt or a software interrupt is accepted, a value listed in Table 7.7.1

is set into the IPL.

)

Table 7.7.1 Change in IPL at acceptance of interrupt request

Interrupts

Change in IPL

Reset

Level 0 (*0002") is set.

Watchdog timer

Level 7 (“1112") is set.

Zero division

Not changed.

BRK instruction

Not changed.

Other interrupts

Accepted interrupt priority level is set.
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7.7 Sequence from acceptance of interrupt request until execution of interrupt routine

7.7.2 Push operation for registers

The push operation for registers performed in the INTACK sequence depends on whether the contents of
the stack pointer (S) at acceptance of an interrupt request are even or odd.

When the contents of the stack pointer (S) are even, the contents of the program counter (PC) and the
processor status register (PS) are simultaneously pushed in a unit of 16 bits. When the contents of the
stack pointer (S) are odd, each of these registers is pushed in a unit of 8 bits. Figure 7.7.3 shows the push
operation for registers.

In the INTACK sequence, only the contents of the program bank register (PG), program counter (PC), and
processor status register (PS) are pushed onto the stack area. The other necessary registers must be
pushed by software at the start of the interrupt routine.

By using the PSH instruction, all CPU registers except the stack pointer (S) can be pushed.

(1) When contents of stack pointer (S) are even

Address //_\/

[S] - 5 (odd)

Order for push

[S] -4 (even) Low-order byte of processor status register (PSL) ] ] )
[l Pushed in a unit of 16 bits.
[S] — 3 (odd) | High-order byte of processor status register (PSk)

[S] — 2 (even) Low-order byte of program counter (PCL)
[J Pushed in a unit of 16 bits.
[S] -1 (odd) High-order byte of program counter (PC)
[S] (even) Program bank register (PG) -+-— [

/\/

(2) When contents of stack pointer (S) are odd

Pushed in 3 times.

Address /\/ i
[S] -5 (even) Order for push
[S] — 4 (odd) Low-order byte of processor status register (PSt) -+ D\
[S] — 3 (even) | High-order byte of processor status register (PSk) -— [
[S] - 2 (odd) Low-order byte of program counter (PCL) - [ > Pushed in a unit of 8 bits.
[S]-1 (even) High-order byte of program counter (PCr) — [
[S] (odd) Program bank register (PG) - ]
/_\/ ]

Pushed in 5 times.

O [S] is an initial address that the stack pointer (S) indicates when an interrupt request is accepted.
The S’s contents become “[S] — 5” after all of the above registers are pushed.

Fig. 7.7.3 Push operation for registers
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7.8 Return from interrupt routine, 7.9 Multiple interrupts

7.8 Return from interrupt routine

When the RTI instruction is executed at the end of the interrupt routine, the contents of the program bank
register (PG), program counter (PC), and processor status register (PS) which were pushed onto the stack
area just before the INTACK sequence, are automatically pulled. After this, the control returns to the original
routine. And then, the suspended processing, which was in progress before the acceptance of the interrupt
request, is resumed.

Before the RTI instruction is executed, pull registers which were pushed by software in the interrupt routine,
using the PUL instruction, etc.

7.9 Multiple interrupts

Just after a branch is made to an interrupt routine, the following occur:

eInterrupt disable flag (I) = “1” (Interrupts are disabled)
eInterrupt request bit of accepted interrupt = “0”
*Processor interrupt priority level (IPL) = Interrupt priority level of accepted interrupt

Accordingly, as long as the IPL remains unchanged, an interrupt request whose priority level is higher than
that of the interrupt which is in progress can be accepted by clearing the interrupt disable flag (I) to “0” in
an interrupt routine. In this way, multiple interrupts are processed.

Figure 7.9.1 shows the processing for multiple interrupts.

An interrupt request which has not been accepted because its priority level is lower is held. When the RTI
instruction is executed, the interrupt priority level of the routine which was in progress at acceptance of an
interrupt request is pulled into the IPL. Therefore, if the following relationship is satisfied when interrupt
priority level detection is performed next, the held interrupt request is accepted.

Held interrupt request’s priority level > Processor interrupt priority level (IPL)
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7.9 Multiple interrupts

Interrupt request
generated

Nesting

_—

Time

Reset

Interrupt 1

oL

Interrupt priority level=3

Interrupt 2

0

Interrupt priority level=5

Interrupt 3

T

Interrupt priority level=2

-

>

Main routine

Multiple interrupts

>

This request cannot be accepted
because its priority level is lower
than the interrupt 1's one.

<«—— The instruction in the main routine is
not executed.

| : Interrupt disable flag
IPL : Processor interrupt priority level
@ : They are automatically set.
|:| : They must be set by software.

Fig. 7.9.1 Processing for multiple interrupts
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7.10 External interrupts (INT i interrupt)

7.10 External interrupts (INT i interrupt)

An external interrupt request occurs by an input signal to the INTi (i = 0 to 2) pin. The occurrence factor
of the interrupt request can be selected by the level sense/edge sense select bit and the polarity select bit
(bits 5 and 4 at addresses 7Dis to 7F1s) shown in Figure 7.10.1. Table 7.10.1 lists the occurrence factor of

INTi interrupt request.

When using P10o/INTo to P102/INT2 pins as input pins of external interrupts, set the corresponding bits at
address 186 (port P10 direction register) to “0.” (Refer to “Figure 7.10.2.” )

The signals input to the INTi pin require “H"- or “L"- level width of 250 ns or more, independent of f(X).
Additionally, even when using the pins P100/INTo to P102/INT2 as the input pins of external interrupts, the
user can obtain the pin’s state by reading bits 0 to 2 at address 161s (port P10 register).

Note: When selecting an input signal’s falling or “L” level as the occurrence factor of an interrupt request,
make sure that the input signal is held “L” for 250 ns or more. When selecting an input signal’s rising
or “H” level as that, make sure that the input signal is held “H” for 250 ns or more.

Table 7.10.1 Occurrence factor of INT i interrupt request
b5 b4 INT: interrupt request occurrence factor
0 0 Interrupt request occurs at the falling edge of a signal input to pin INT: (Edge sense).
0 1 Interrupt request occurs at the rising edge of a signal input to pin INT: (Edge sense).
1 0 Interrupt request occurs when pin INTi is at “H” level (Level sense).
1 1 Interrupt request occurs when pin INTi is at “L” level (Level sense).

The INT: interrupt request occurs by detecting the state of pin INT: all the time. Therefore, when the user
does not use the INTi interrupt, set the INTi interrupt’'s priority level to level 0.
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7.10 External interrupts (INT i interrupt)

b7 b6 b5 b4 b3 b2 bl bo
| | | | | INTo to INT2 interrupt control registers (Addresses 7Dzi6 to 7Fz16)

E E : : Bit Bit name Functions Atreset| RW
R o f b2 b1 bo

oo 0 Interrupt priority level select bits 000 : Level 0 (Interrupt disabled) 0 RW
I 001:Levell

Vo 010:Level 2

N 1 011:Level3 0 RW
o 100: Level 4

Vo 101:Level5

. 110:Level6

by Tmmmmmmmeees 2 111:Level7 0 [ RwW
L SRR 3 | Interrupt request bit (Note) 0: No interrupt requested 0 RW
: 1 : Interrupt requested

b e e 4 Polarity select bit 0 : Interrupt request bit is set to “1” 0 RW

at “H” level when level sense is
selected; this bit is set to “1” at
falling edge when edge sense is
selected.

1 : Interrupt request bit is set to “1”
at “L” at level when level sense is
selected; this bit is set to “1” at
rising edge when edge sense is

FeemccccesmccacccccessssmessmcesmsassssmcesmsessescaseemEesea e —-—-—-

selected.
e 5 | Level sense/Edge sense 0 : Edge sense 0 RW
select bit 1: Level sense
"""""""""""""" 7,6 | Nothing is assigned. Undefined | —

Note: The interrupt request bits of INTo to INT2 interrupts are invalid when the level sense is selected.

Fig. 7.10.1 Structure of INT i (i=0 to 2) interrupt control register

b7 b6 b5 b4 b3 b2 bl bo

Port P10 direction register (Address 1816)

Bit Corresponding pin Functions Atreset| RW
P E : EREEEE 0 INTo pin 0 : Input mode 0 RW
Vo 1 : Output mode

e 1 INT1 pin 0 RW
R 2| iz pin for an extemal mtorruptciearne | 0 | RW
i : : : o : =i corresponding bit to “0.” 9 —
i : : A 4 | cAspin 0 RW
e 5 | RASpin o | RW
S 6 | Maspin 0 RW
EEGGEEEEEEEELEEEEEEEE 7 | MA9pin 0 RW

: Bits 3 to 7 are not used for external interrupts.

Fig. 7.10.2 Relationship between port P10 direction register and input pins of external interrupt
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7.10 External interrupts (INT i interrupt)

7.10.1 Functions of INT i interrupt request bit

(1)

(2)

Functions when edge sense is selected

The interrupt request bit has the same functions as that of an internal interrupt. That is, when an
interrupt request occurs, the interrupt request bit is set to “1” and retains this state until the interrupt
request is accepted. When this bit is cleared to “0” by software, the interrupt request is cancelled;
when this bit is set to “1” by software, the interrupt request can be generated.

Functions when level sense is selected

The INT interrupt request bit is ignored.

Interrupt requests continuously occur while the level of the INT: pin is the valid level™; when the INT;
pin's level changes from the valid level to the invalid level™ before the INTi interrupt request is
accepted, this interrupt request is not retained. (Refer to “Figure 7.10.4.” )

Valid level "1: This means the level selected by the polarity select bit (bit 4 at addresses 7Dis t0 7F1s)
Invalid level ©2: This means the reversed level of “valid level”

Data bus
Level sense/Edge sense
. ) 0"  select bit
INTi pin O CEi?gjtdeteCt'on Interrupt request bit ———0
o > |nterrupt request
O

Fig. 7.10.3 INT; Interrupt request

valid O O \
INTi pin level |_|
Invalid O
-
Main routine Main routine
First interrupt routine Second interrupt Third interrupt
routine routine

When the INTi pin’s level changes

to the invalid level before an interrupt

request is accepted, the interrupt
Interrupt request is accepted.  request is not retained.

Return to main routine.

Fig. 7.10.4 Occurrence of INT i interrupt request when level sense is selected
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7.10 External interrupts (INT i interrupt)

7.10.2 Switching of INT i interrupt request occurrence factor

When the INT: interrupt request occurrence factor is switched in one of the following ways, the interrupt
request bit may be set to “1™

*Switching the level sense to the edge sense

*Switching polarity

Therefore, after this switching, make sure to clear the interrupt request bit to “0.” Figure 7.10.5 shows an
example of the switching procedure for the INTi interrupt request occurrence factor.

(1) Switching level sense to edge sense (2) Switching polarity

i %

Set the interrupt priority level to level 0 Set the interrupt priority level to level 0
or set the interrupt disable flag (1) to “1.” or set the interrupt disable flag (1) to “1.”
(INTi interrupt is disabled. ) (INTi interrupt is disabled. )

Clear the level sense/edge sense select bit to “0.” ( Set the polarity select bit )

( Edge sense is selected. )

( Clear the interrupt request bit to “0.” )

( Clear the interrupt request bit to “0.”

Set the interrupt priority level to one of levels 1-7

, . or clear the interrupt disable flag (I) to “0.”

or clear the interrupt disable flag (I) to “0.”
(INTi interrupt request is acceptable.)

| i
v

Note: The above settings must be done separately.
Multiple settings must not be done at the same time, in other words, they must not be done
only by 1 instruction.

Fig. 7.10.5 Example of switching procedure for INT i interrupt request occurrence factor

7721 Group User’'s Manual 7-21



INTERRUPTS

7.11 Precautions for interrupts

7.11 Precautions for interrupts

When changing the interrupt priority level select bits (bits 0 to 2 at addresses 6Cis to 7F16), 2 to 7 cycles
of ¢ are required until the interrupt priority level is changed. Therefore, when the interrupt priority level of
a certain interrupt source is repeatedly changed in a very short time, which consists of a few instructions,
it is necessary to reserve the time required for the change by software. Figure 7.11.1 shows a program
example to reserve the time required for the change. Note that the time required for the change depends
on the contents of the interrupt priority detection time select bits (bits 4 and 5 at address 5Ei6). Table 7.11.1
lists the correspondence between the number of instructions inserted in Figure 7.11.1 and the interrupt

priority detection time select bits.

NOP ;
NOP ;

XX: any of 6C to 7F

LDM.B #0XH, 00XXH ; Write instruction for the interrupt priority level select bits
NOP ; Inserted NOP instruction (Note)

LDM.B #0XH, 00XXH ; Write instruction for the interrupt priority level select bits

Note: Except the write instruction for address XXie, any instruction which has the same
cycles as the NOP instruction can also be inserted.
For the number of inserted NOP instructions, refer to “Table 7.11.1."

Fig. 7.11.1 Program example to reserve time required for change of interrupt priority level

Table 7.11.1 Correspondence between number of instructions to be inserted in Figure 7.11.1 and
interrupt priority detection time select bits

Interrupt priority detection time select bits (Note) Interrupt priority level Number of inserted
b5 b4 detection time NOP instructions
0 0 7 cycles of ¢ 4 or more
0 1 4 cycles of ¢ 2 or more
1 0 2 cycles of @ 1 or more
1 1 Do not select.

Note: We recommend [b5 = “1", b4 = “0"].
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TIMER A

8.1 Overview

8.1 Overview

Timer A consists of five counters, Timers A0 to A4, each equipped with a 16-bit reload function. Timers AO
to A4 operate independently of one another.

Timer A has four operating modes listed below. Timers A0 and Al operate in the timer mode only. Timers
A2 to A4 have selective four operating modes listed below.

(1) Timer mode (Timers AO to A4)
The timer counts an internally generated count source. For Timers A2 to A4, the following functions
can be used in this mode:
*Gate function
*Pulse output function

(2) Event counter mode (Timers A2 to A4)
The timer counts an external signal. The following functions can be used in this mode:
*Pulse output function
*Two-phase pulse signal processing function

(3) One-shot pulse mode (Timers A2 to A4)
The timer outputs a pulse which has an arbitrary width once.

(4) Pulse width modulation (PWM) mode (Timers A2 to A4)
Timer outputs pulses which have an arbitrary width in succession. The counter functions as one of
the following pulse width modulators:
*16-bit pulse width modulator
«8-bit pulse width modulator

In this chapter, Timer Ai (i = 0 to 4) indicates Timers A0 to A4. Timer Aj (j = 2 to 4) indicates Timers A2
to A4; this is applies when the timer A’s input/output pins are used etc. (Hereafter, input/output pins are
called I/O pins.)
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8.2 Block description

8.2 Block description

Figure 8.2.1 shows the block diagram of Timer A. Explanation of registers relevant to Timer A is described
below.

Count source Data bus (odd)
f2 select bits
—FFO0

== lits

f1ie

Data bus (even)
fea o 7N
fslo 4 (Low-order 8 bits) (High-order 8 bits)

Timer mode | Timer Ai reload register (16) |<7

One-shot pulse mode

PWM mode
Timer mode \S \S Timer Ai

Gate function : i interrupt
:D ( ) Timer Ai counter (16) |—<v—|:| request bit
TAi Polarity Event counter mode Coyntgp/Countdown
J N switching switching

Count start bit (Always “count down” except

for event counter mode)

— Trigger

Countdown T—Q
Up-down bit o \—

-

Pulse output
function select bit
TAjoutO 2

Toggle
F.F.

i=0-4,]=2-4

Fig. 8.2.1 Block diagram of Timer A
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8.2 Block description

8.2.1 Counter and reload register (timer Ai register)

Each of timer Ai counter and reload register consists of 16 bits.

Countdown in the counter is performed each time the count source is input. In the event counter mode,
it can also function as an up-counter.

The reload register is used to store the initial value of the counter. When a counter underflow or overflow
occurs, the reload register’s contents are reloaded into the counter.

A value is set to the counter and reload register by writing the value to the timer Ai register. Table 8.2.1
lists the memory assignment of the timer Ai register.

The value written into the timer Ai register while counting is not in progress is set to the counter and reload
register. The value written into the timer Ai register while counting is in progress is set only to the reload
register. In this case, the reload register’s updated contents are transferred to the counter at the next
reload time. The value obtained when reading out the timer Ai register varies according to the operating
mode. Table 8.2.2 lists reading from and writing to the timer Ai register.

Table 8.2.1 Memory assignment of timer Ai register

Timer Ai register High-order byte Low-order byte
Timer AO register | Address 471 Address 4616
Timer Al register | Address 4916 Address 481
Timer A2 register | Address 4Bie Address 4Aus
Timer A3 register | Address 4Die Address 4Cie
Timer A4 register | Address 4Fis Address 4E1s

Note: At reset, the contents of the timer Ai
register are undefined.

Table 8.2.2 Reading from and writing to timer Ai register

Operating mode Read Write

Timer mode Counter value is read out. <While counting>
Written only to reload register.

Event counter mode (Note 1) . .

- - <While not counting>
One-shot pulse mode Undefined value is read out. Written to both of the counter
Pulse width modulation (PWM) mode and reload register.
Notes 1: Also refer to “[Precautions for timer mode]” and “[Precautions for event counter mode].”

2: When reading from and writing to the timer Ai register, perform it in a unit of 16 bits.
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8.2 Block description

8.2.2 Count start register
This register is used to start and stop counting. Each bit of this register corresponds to each timer. Figure
8.2.2 shows the structure of the count start register.

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Count start register (Address 4016)
Bit Bit name Functions Atreset| RW
E E E E E E E R 0 Timer AO count start bit 0 : Stop counting 0 RW
ooror e 1 : Start counting
oo e 1 Timer Al count start bit 0 RW
i i i i i SRR 2 Timer A2 count start bit 0 RW
i i i i R 3 Timer A3 count start bit 0 RW
E E E e 4 Timer A4 count start bit 0 RW
I OCEEEETTEEEPEEE S | Timer BO count start bit 0 RW
i e 6 Timer B1 count start bit 0 RW
R ELETCTCEEEEEEPEPEE 7 Timer B2 count start bit 0 RW
E]: Bits 5 to 7 are not used for Timer A.
Fig. 8.2.2 Structure of count start register
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8.2 Block description

8.2.3 Timer Ai mode register

Figure 8.2.3 shows the structure of the timer Ai mode register. The operating mode select bits are used
to select the operating mode of Timer Ai. Bits 2 to 7 have different functions according to the operating
mode. These bits are described in the paragraph of each operating mode.

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5Az16)
Bit Bit name Functions Atreset [ RW

0 0 : Timer mode

0 1 : Event counter mode
Commmeea 1 10 : One-shot pulse mode 0 RW
1 1 : Pulse width modulation (PWM) mode

E Sy 0 Operating mode select bits b1b0 0 RW

e bt 2 These bits have different functions according to the operating mode. 0 RW

Lmmmmmmeee e aa 3 0 RW
[ ——— 4 0 RW
SRR EEEEEEEEEREEE 5 0 RW
] 6 o | RrRW

o oo 7 0 RW

Fig. 8.2.3 Structure of timer Ai mode register
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8.2 Block description

8.2.4 Timer Ai interrupt control register
Figure 8.2.4 shows the structure of the timer Ai interrupt control register. For details about interrupts, refer
to “CHAPTER 7. INTERRUPTS.”

b7 b6 bS5 b4 b3 b2 bl bo

Timer Ai interrupt control register (i = 0 to 4) (Addresses 7516 to 7916)

Bit Bit name Functions Atreset| RW
R R R A R | jority level b2 b1 b0

e 0 S'gﬁ%?g}tg”o”w eve 000 : Level O (Interrupt disabled) 0 RW
- 001:Levell Low level

A 010:Level 2

R R 1 011:Level3 0 RW
- R 100:Level 4

I 101:Level5

R 110:Level 6

Py T 2 111:Level7  High level 0 | RW
E A 3 | Interrupt request bit 0 : No interrupt requested 0 RW
R 1: Interrupt requested

R CET EE TR E 7 to 4 | Nothing is assigned. Undefined| —

Fig. 8.2.4 Structure of timer Ai interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select a timer Ai interrupt’s priority level. When using timer Ai interrupts, select one of the
priority levels (1 to 7). When a timer Ai interrupt request occurs, its priority level is compared with
the processor interrupt priority level (IPL). The requested interrupt is enabled only when its priority
level is higher than the IPL. (However, this applies when the interrupt disable flag (I) = “0.”) To
disable timer Ai interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when a timer Ai interrupt request occurs. This bit is automatically cleared to “0”
when the timer Ai interrupt request is accepted. This bit can be set to “1” or cleared to “0” by
software.
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8.2 Block description

8.2.5 Port P5 direction register

The 1/O pins of Timers A2 to A4 are multiplexed with port P5. When using these pins as Timer Aj's input
pins, set the corresponding bits of the port P5 direction register to “0” to set these port pins for the input
mode. When used as Timer Aj’'s output pins, these pins are forcibly set to the output pins of Timer Aj
regardless of the direction registers’s contents. Figure 8.2.5 shows the relationship between the port P5

direction register and the Timer Aj's I/O pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P5 direction register (Address Dis)

. Bit Bit name Functions Atreset| RW
e 0 | TA2our pin 0 : Input mode 0 RW
A 1 : Output mode

- 1 TA2nN pin 0 RW
. E o 5 ] When using these pins as Timer A [
oo TA3our pin s input pins, set the corresponding RW
A bits to “0.”

ety 3 TA3n pin 0 RW
LG E TR 4 TA4our pin 0 RW
o e eeaaaa 5 TA4nN pin 0 RW
E o] 6 TBOw pin 0 RW
R EEE T EE PP PP 7 | TBiwpin o | rRW

E]: Bits 6 and 7 are not used for Timer A.

Fig. 8.2.5 Relationship between port P5 direction register and Timer Aj’'s I/O pins
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8.3 Timer mode

8.3 Timer mode

In this mode, the timer counts an internally generated count source. (Refer to “Table 8.3.1.” ) Figure 8.3.1
shows the structures of the timer Ai mode register and timer Ai register in the timer mode.

Table 8.3.1 Specifications of timer mode

Item

Specifications

Count source

f2, fie, foa, Or fs12

Count operation

» Countdown
* When a counter underflow occurs, reload register’s contents are reloaded,
and counting continues.

Division ratio

1
o+ 1) n : Timer Ai register’'s set value

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter underflow occurs.

TAjin pin’s function

Programmable 1/O port or gate input

TAjour pin’s function

Programmable 1/O port or pulse output

Read from timer Ai register

Counter value can be read out.

Write to timer Ai register

e While counting is stopped
When a value is written to the timer Ai register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Ai register, it is written only to
the reload register. (Transferred to the counter at the next reload
timing.)
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8.3 Timer mode

b7 b6 b5 b4 b3 b2 bl b0
| | | 0 | 0 | 0 | 0 | 0 | 0 | Timer AO mode register (Address 5616)
S I il Ea Ei E S B Timer A1 mode register (Address 5716)
S Bit name Functions Atreset | RW
' E E 5 E . E e Fix these bits to “0." 0 RW
R IR T N B SR 0 | rw
T I R S— 0| Rw
P e 0 | rRw
Pl e 0o | RW
R S ETCIITITeRr 0 | RW
N e Count source select bits b7 b6 0 RW
' 00:f2
' 01:fie
e 10:fes 0 RW
11:fs12
b7 b6 b5 b4 b3 b2 bl b0
| | | 0 | | | | 0 | 0 | Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5A16)
A Bit Bit name Functions Atreset | RW
, : E E E E E :- - i i bl b0
E I 0 Operating mode select bits 00 : Timer mode 0 RW
R E 0 |rw
E H E E i Bommmees 2 Pulse output function select bit | 0 : No pulse output 0 RW
I (TAjour pin functions as a programmable
[ 10 port.)
P or 1: Pulse output
[ (TAjour pin functions as a pulse output
oo pin)
R A A 3 | Gate function select bits b4 b3 _ 0 RW
o 00:] No gate function
o 01 :] (TAjin pin functions as a prog-
[ rammable 1/0 port.)
oo 10: Counter counts only while TAjin
] pin’s input signal is at “L” level.
Voo 4 11: Counter counts only while TAjin 0 RW
Vo pin’s input signal is at “H” level.
R R EEE 5 Fix this bit to “0” in timer mode. 0 RW
A SEREELEEEEEEEEEEED 6 Count source select bits b7 b6
; 00:f 0 | Rw
! 01:fie
""""""""""""" 7 10:fea 0 RW
11:fs12
(b15) (b8) Timer AQ register (Addresses 4716, 4616)
b7 bo b7 b0 Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4B1s, 4A16)
} Timer A3 register (Addresses 4D1s, 4C1s6)
' Timer A4 register (Addresses 4F16, 4E16)
‘ Bit Functions Atreset | RW
L oo 15 to O These bits can be set to “000016” to “FFFF16.” | Undefined [ RW

Assuming that the set value = n, the counter
divides the count source frequency by (n + 1)|
When reading, the register indicates the
counter value.

Note: Read from or write to this register in a unit of 16 bits.

Fig. 8.3.1 Structures of timer Ai mode register and timer Ai register in timer mode
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8.3 Timer mode

8.3.1 Setting for timer mode

Figures 8.3.2 and 8.3.3 show an initial setting example for registers relevant to the timer mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to section “CHAPTER
7. INTERRUPTS.”

/ Selecting timer mode and each function \
b7 b0
| | o] | | [o]o] Timeraimode register (i =0 to 4) (Addresses 5616 to 5A1s)

Selection of timer mode

Pulse output function select bit
0: No pulse output.
1: Pulses output.

Gate function select bits
b4 b3

8 (1J } No gate function

1 0: Gate function (Counter counts only while TAjin pin’s input signal is at “L” level.)
1 1: Gate function (Counter counts only while TAjin pin’s input signal is at “H” level.)

Count source select bits

b7 b6

00: f2

0 1: fie

1 0: fea

\ 11: fs12 /

Note: For Timers AO and A1, set bits 0 to 5 to “0.”

/ Setting division ratio Timer AQO register (Addresses 4716, 4616)
(bb175) (Eg) b7 po Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A16)

| | Timer A3 register (Addresses 4D1e, 4C1s)
Timer A4 register (Addresses 4F1e, 4E16)

\— Can be set to “000016” to “FFFF16” (n).

- /

Note: The counter divides the count source frequency by (n + 1).

Continue to Figure 8.3.3 on next page.

Fig. 8.3.2 Initial setting example for registers relevant to timer mode (1)
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8.3 Timer mode

From preceding Figure 8.3.2.

Setting interrupt priority level

b7

-

Timer Ai interrupt control register (i =0 to 4)

b0
_:IE (Addresses 7516 to 7916)
Interrupt priority level select bits

When using interrupts, set these bits to one of levels

1to7.

When disabling interrupts, set these bits to level 0.

b7

Setting port P5 direction register

bo

| | | | | | | | |Port P5 direction register (Address Dis)

-

TA2IN pin
TASIN pin

TA4IN pin

When gate function is selected, set the bit corresponding to the TAjin pin to “0.”

~

/

-

b7

Setting count start bit to “1.”

b0

LTimer A0 count start bit
Timer Al count start bit
Timer A2 count start bit

Timer A3 count start bit
Timer A4 count start bit

~

| | | | | | | | |Countstart register (Address 4016)

Count starts

Fig. 8.3.3 Initial setting example for registers relevant to timer mode (2)
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8.3 Timer mode

8.3.2 Count source

In the timer mode, the count source select bits (bits 6 and 7 at addresses 5616 to 5A16) select the count
source. Table 8.3.2 lists the count source frequency.

Table 8.3.2 Count source frequency

Count source

. Count Count source frequency
select bits
source

b7 b6 f(Xin) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz
0 0 f2 4 MHz 8 MHz 12.5 MHz

0 1 fie 500 kHz 1 MHz 1.5625 MHz
1 0 fea 125 kHz 250 kHz 390.625 kHz
1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz

7721 Group User's Manual
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8.3 Timer mode

8.3.3 Operation in timer mode
0 When the count start bit is set to “1,” the counter starts counting of the count source.

O When a counter underflow occurs, the reload register’'s contents are reloaded, and counting continues.
O The timer Ai interrupt request bit is set to “1” at the underflow in 0. The interrupt request bit remains
set to “1” until the interrupt request is accepted or the interrupt request bit is cleared to “0” by software.

Figure 8.3.4 shows an example of operation in the timer mode.

n = Reload register's contents

FFFF16 Starts counting.

Counter contents (Hex.)
-

000016

Stops counting.

1/fi0 (n+1) . ' !
<+“—»

h
R R
'
'

Restarts counting,

A '

i

Set to “1” by software.

:

Cleared to “0” by soﬁWare. |

d
4
'
'
'
'
'
T
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
1

N

AN

Set to “1” by softw.

Time

re.

Count start bit

|

Timer Ai interrupt
request bit

] |

fi = frequency of count source
(f2, f1s, fos, f512)

¥

? f

Cleared to “0” when interrupt request is
accepted or cleared by software.

Fig. 8.3.4 Example of operation in timer mode (without pulse output and gate functions)
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8.3 Timer mode

8.3.4 Selectable functions
The following describes the selectable gate function for Timers A2 to A4 and pulse output function.

(1) Gate function

The gate function is selected by setting the gate function select bits (bits 4 and 3 at addresses 5816
to 5A16) to “102” or “112.” The gate function makes it possible to start or stop counting depending on
the TAjin pin’s input signal. Table 8.3.3 lists the count valid levels. Figure 8.3.5 shows an example
of operation with the gate function selected.

When selecting the gate function, set the port P5 direction registers’ bits which correspond to the
TAjin pin for the input mode. Additionally, make sure that the TAjn pin’s input signal has a pulse width
equal to or more than two cycles of the count source.

Table 8.3.3 Count valid levels

Gate function select bits Count valid level (Duration while counter counts)
b4 b3
1 0 While TAj~ pin’s input signal is at “L” level
1 1 While TAjn pin’s input signal is at “H” level

Note: The counter does not count while the TAjn pin’s input signal is not at the count valid level.

n = Reload register’s contents
FFFF16] 0 Starts counting.

Counter contents (Hex.)

000016

! Time
Set to “1" by software.

»

Count start bit

Count valid
TAjin pin’s level |—|
input signal  |nyajid level I—
Timer Aj interrupt
request bit A

Cleared to “0” when

||
Y

0 The counter counts when the count start bit = “1” and the TAji pin’s input signal is at the count valid

level. ) ) o ) ) ) interrupt request is
O The counter stops counting while the TAjin pin’s input signal is not at the count valid level, and the accepted or cleared
counter value is retained. by software.

Fig. 8.3.5 Example of operation selecting gate function
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8.3 Timer mode

(2) Pulse output function
The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5816 to 5A16) to “1.” When this function is selected, the TAjour pin is forcibly set for the pulse output
pin regardless of the corresponding bits of the port P5 direction register. The TAjour pin outputs
pulses of which polarity is inverted each time a counter underflow occurs.
When the count start bit (address 401s) is “0” (count stopped), the TAjour pin outputs “L” level. Figure
8.3.6 shows an example of operation with the pulse output function selected.

n = Reload register’s contents

FFFF16
Starts counting. Starts counting.
>

n T T T Tt TRttt
' p Restarts —l_l_‘
: ) ) counting.
: E E ' A
000016 T jjj * IL‘ IL‘

ESetto “1" by software. ! | Setto 1" by software.
Count start bit | ' R VN 4 .

Counter contents (Hex.)

Time

_

TAjouT pin

i
|
Pulse output from |
i
|
|
|

]

Timer Aj interrupt |—| |—| |—|
request bit

\ f /

Cleared to “0” when interrupt request is accepted or cleared by software.

Fig. 8.3.6 Example of operation selecting pulse output function
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8.3 Timer mode

[Precautions for timer mode]

By reading the timer Ai register, the counter value can be read out at any timing. However, if the timer Ai
register is read at the reload timing shown in Figure 8.3.7, the value “FFFFis" is read out. If reading is
performed in the period from when a value is set into the timer Ai register with the counter stopped until
the counter starts counting, the set value is correctly read out.

Reload

Counter value

(Hex.) 2 1 0 n |n-1
Read value
(Hex.) 2 1 0 |FFFF|n-1
n = Reload register's contents Time

Fig. 8.3.7 Reading timer Ai register
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8.4 Event counter mode

8.4 Event counter mode

In this mode, the timer counts an external signal. (Refer to “Tables 8.4.1 and 8.4.2.” ) Timers A2 to A4 can
be used in this mode. Figure 8.4.1 shows the structures of the timer Aj mode register and timer Aj register

in the event counter mode.

Table 8.4.1 Specifications of event counter mode (when not using two-phase pulse signal processing function)

Item

Specifications

Count source

e External signal input to the TAjn pin
e The count source’s valid edge can be selected from the falling edge
and the rising edge by software.

Count operation

e Countup or countdown can be switched by external signal or software.
e When a counter overflow or underflow occurs, reload register’s contents
are reloaded, and counting continues.

Division ratio

e For countdown 1
(n+1) n : Timer Aj register’s set value

e For countup 1
(FFFFis—n + 1)

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter overflow or underflow occurs.

TAjn pin’s function

Count source input

TAjour pin’s function

Programmable 1/O port, pulse output, or countup/countdown switch signal
input

Read from timer Aj register

Counter value can be read out.

Write to timer Aj register

e While counting is stopped
When a value is written to the timer Aj register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Aj register, it is written only to
the reload register. (Transferred to the counter at the next reload
time.)
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8.4 Event counter mode

Table 8.4.2 Specifications of event counter mode (when using two-phase pulse signal processing function)

Item

Specifications

Count source

External signal (two-phase pulse) input to the TAjiw or TAjour pin

Count operation

e Countup or countdown can be switched by external signal (two-
phase pulse).

e When a counter overflow or underflow occurs, reload register’s contents
are reloaded, and counting continues.

Division ratio

e For countdown 1
(n + 1) n: Timer Aj register’s set value

e For countup 1
(FFFFis — n + 1)

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter overflow or underflow occurs.

TAjin, TAjour pin function

Two-phase pulse input

Read from timer Aj register

Counter value can be read out.

Write to timer Aj register

e While counting is stopped
When a value is written to the timer Aj register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Aj register, it is written only to
the reload register. (Transferred to the counter at the next reload
time.)
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Assuming that the set value = n, the counter
divides the count source frequency by (n + 1)
during countdown, or by (FFFFis —n + 1)
during countup.

When reading, the register indicates the
counter value.

b7 b6 b5 b4 b3 b2 bl bO
| O | O I 0 | | | | 0 | 1 | Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5Az16)
E E E E E E E E Bit Bit name Functions Atreset| RW
A : : o0
P 0 Operating mode select bits 01 - Event counter mode 0 RW
S 1 0 RW
b 2 | Pulse output function select bit | 0 : No pulse output (TAjour pin functions [ 0 RW
o as a programmable 1/0 port.)
Voo 1 : Pulse output (TAjour pin functions
A as a pulse output pin.)
A — 3 | Count polarity select bit 0 : Counts at falling edge of external signal 0 RW
P 1 : Counts at rising edge of external signal
I GG EEEEEEED 4 | Up-down switching factor select | O : Contents of up-down register 0 RW
o bit 1 Input signal to TAjout pin
E E R EEEETEEEEPPEEEE 5 Fix this bit to “0” in event counter mode. 0 RW
E B RRREEEEEEEEEEEEED 6 | These bits are invalid in event counter mode. 0 RwW
B 7 0 RW
(b15) (b8)
b7 b0 b7 b0
Timer A2 register (Addresses 4B1s, 4A16)
. Timer A3 register (Addresses 4D1s6, 4C1s)
' Timer A4 register (Addresses 4F16, 4E16)
i Bit Functions Atreset| RW
b 15 to Of These bits can be set to “000016” to “FFFF16.”| undefined] RW

Note: Read from or write to this register in a unit of 16 bits.

Fig. 8.4.1 Structures of timer Aj mode register and timer Aj register in event counter mode
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8.4.1 Setting for event counter mode
Figures 8.4.2 and 8.4.3 show an initial setting example for registers relevant to the event counter mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 7.

INTERRUPTS.”

|

-

Count polarity select bit
0: Counts at falling edge of external signal.
1: Counts at rising edge of external signal.

Up-down switching factor select bit
0: Contents of up-down register
1: Input signal to TAjourt pin

(Addresses 5816 to 5A16)

u Selection of event counter mode
— Pulse output function select bit
0: No pulse output
1: Pulse output

/Selecting event counter mode and each function \
b7 b0
|D||Z||0| | | |0|1| Timer Aj mode register (j = 2 to 4)

0 : It may be either “0” or “1.”

%

/ Setting up-down register
b7 b0

Timer A2 up-down bit
Timer A3 up-down bit
Timer A4 up-down bit

| | | | | | |0|O| Up-down register (Address 4416)

Set the corresponding up-down bit when the contents of
the up-down register are selected as the up-down
switching factor.

0: Countdown
1: Countup

Timer A2 two-phase pulse signal processing select bit
Timer A3 two-phase pulse signal processing select bit
Timer A4 two-phase pulse signal processing select bit

Set the corresponding bit to “1” when the two-phase pulse
signal processing function is selected for timers A2 to A4.

0: Two-phase pulse signal processing
function disabled

1: Two-phase pulse signal processing
function enabled

Setting division ratio
b15
( s )

b8
(bO) b7

b0

Timer A2 register (Addresses 4B1s, 4A16)

Timer A3 register (Addresses 4D1s, 4Ci6)

Timer A4 register (Addresses 4Fis, 4E16)

\— Can be set to “000016” to “FFFF1s” (n).

0 The counter divides the count source frequency by (n + 1)
when counting down, or by (FFFFis — n + 1) when counting up.

Continue to Figure 8.4.3 on next page.

Fig. 8.4.2 Initial setting example for registers relevant to event counter mode (1)
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From preceding Figure 8.4.2.

(s

etting interrupt priority level
b7 b0

When using interrupts, set these bits
to one of levels 1 to 7.

When disabling interrupts, set these
bits to level 0.

-

Timer Aj interrupt control register (j =2 to 4)
_:IE (Addresses 7716 to 7916)
Interrupt priority level select bits

~

Setting port P5 direction register

b7 b0
| | | | | | | | |PortP5direction register (Address Die)

L TA20uT pin

— TA2iN pin
TA3ouT pin
TA3IN pin
TA4ouT pin
TA4IN pin

Clear the bit corresponding to the TAjin pin to “0.”

When selecting the TAjour pin’s input signal as the up-down switching factor, set

the bit corresponding to the TAjour pin to “0.”

When selecting the two-phase pulse signal processing function, set the bit

corresponding to the TAjout pin to “0.”

/

Setting the count start bit to “1”
b7 b0

Count start register
(Address 4016)

Timer A2 count start bit

Timer A3 count start bit

Timer A4 count start bit

Count starts

Fig. 8.4.3 Initial setting example for registers relevant to event counter mode (2)
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8.4.2 Operation in event counter mode

0 When the count start bit is set to “1,” the counter starts counting of the count source’s valid edges.

O When a counter underflow or overflow occurs, the reload register’'s contents are reloaded, and counting
continues.

O The timer Aj interrupt request bit is set to “1” at the underflow or overflow in .
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

Figure 8.4.4 shows an example of operation in the event counter mode.

n = Reload register’s contents
FFRFF16f == ===------ """ - - --mmmmmmmo oo ooooo--------o

Starts counting.

Counter contents (Hex.)
>
.3 .
- :

000016

Time

Set to “1” by software.

i

Count start bit

Setto “1” by software.

v

Up-down bit

Timer Aj interrupt |—| |—| |
request bit

T

Cleared to “0” when interrupt request is accepted or cleared by software.

Note: The above applies when the up-down bit's contents are selected as the up-down switching factor (i.e., up-down
switching factor select bit = “0").

Fig. 8.4.4 Example of operation in event counter mode (without pulse output and two-phase pulse
signal processing functions)
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8.4.3 Switching between countup and countdown

The up-down register (address 4416) or the input signal from the TAjour pin is used to switch countup from
and to countdown. This switching is performed by the up-down bit when the up-down switching factor select
bit (bit 4 at addresses 5816 to 5A16) is “0,” and by the input signal from the TAjour pin when the up-down

switching factor select bit is “1.”

When the switching between countup and countdown is set while counting is in progress, this switching is

actually performed when the count source’s next valid edge is input.

(1) Switching by up-down bit

Countdown is performed when the up-down bit is “0,” and countup is performed when the up-down

bit is “1.” Figure 8.4.5 shows the structure of the up-down register.
(2) Switching by TAj our pin’s input signal

Countdown is performed when the TAjour pin’s input signal is at “L” level, and countup is performed
when the TAjour pin’s input signal is at “H” level.
When using the TAjour pin’s input signal to switch countup from and to countdown, set the port P5
direction register’s bit which corresponds to the TAjour pin for the input mode.

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | 0 | 0| Up-down register (Address 4416)

Frmm—————

Bit Bit name Functions Atreset| RW
0 Fix these bits to “0.” 0 RW
1 0 RW
2 | Timer A2 up-down bit 0 : Countdown 0 RW
1: Countup
3 Timer A3 up-down bit This function is valid when the contents of 0 RW
the up-down register is selected as the up-
4 Timer A4 up-down bit down switching factor. 0 RW
5 | Timer A2 two-phase pulse signal [ O : Two-phase pulse signal 0 WO
processing select bit (Note)|  processing function disabled
1: Two-phase pulse signal
6 Timer A3 two-phase pulse signal processing function enabled 0 \WYe}
processing select bit (Note) )
When not using the two-phase pulse
7 Timer A4 two-phase pulse signal signal processing function, set the bit| 0 WO

processing select bit  (Note)

{0 “0.”
The value is “0” at reading.

Note: Use the LDM or STA instruction for writing to bits 5 to 7.

Fig. 8.4.5 Structure of up-down register
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8.4.4 Selectable functions
The following describes the selectable pulse output, and two-phase pulse signal processing functions.

(1) Pulse output function
The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5816 to 5A16) to “1.” When this function is selected, the TAjour pin is forcibly set for the pulse output
pin regardless of the corresponding bit of the port P5 direction register. The TAjour pin outputs pulses
of which polarity is inverted each time a counter underflow or overflow occurs. (Refer to “Figure
8.3.6.")
When the count start bit (address 4016) is “0” (count stopped), the TAjour pin outputs “L” level.
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(2) Two-phase pulse signal processing function

The two-phase pulse signal processing function is selected by setting the two-phase pulse signal
processing select bits (bits 5 to 7 at address 4416) to “1.” (Refer to “Figure 8.4.5.") Figure 8.4.6
shows the timer Aj mode registers when the two-phase pulse signal processing function is selected.
For timers with the two-phase pulse signal processing function selected, the timer counts two kinds
of pulses of which phases differ by 90 degrees. There are two types of the two-phase pulse signal
processing: normal processing and quadruple processing. In Timers A2 and A3, normal processing
is performed; in timer A4, quadruple processing is performed.

For some bits of the port P5 direction register correspond to pins used for two-phase pulse input, set
these bits for the input mode.

b7 b6 b5 b4 b3 b2 bl
[o]5]e]xfofo]o]

b0

1 | Timer A2 mode register (Address 5816)
Timer A3 mode register (Address 5916)

Timer A4 mode register (Address 5A16)

[l : It may be either “0” or “1.”

Fig. 8.4.6 Timer Aj mode registers when two-phase pulse signal processing function is selected

e Normal processing
Countup is performed at the rising edges input to the TAkn pin when the phase has the relationship
that the TAk pin’s input signal level goes from “L” to “H” while the TAkour (k = 2 and 3) pin’s input
signal is at “H” level.
Countdown is performed at the falling edges input to the TAkn pin when the phase has the
relationship that the TAkin pin’s input signal level goes from “H” to “L” while the TAkour pin’s input
signal is at “H” level. (Refer to “Figure 8.4.7." )

TAkouT J L
W ] L

Counted Counted Counted Counted Counted Counted
up up up down down down

+1 +1 +1 -1 -1 -1

Fig. 8.4.7 Normal processing
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e Quadruple processing
Countup is performed at all rising and falling edges input to the TAdour and TA4i pins when the
phase has the relationship that the TA4 pin’s input signal level goes from “L” to “H” while the
TAdour pin’s input signal is at “H” level.
Countdown is performed at all rising and falling edges input to the TAdour and TA4n pins when
the phase has the relationship that the TA4 pin’s input signal level goes from “H” to “L” while the
TAdour pin’s input signal is at “H” level. (Refer to “Figure 8.4.8.” )
Table 8.4.3 lists the relationship between the input signals to the TAdour and TA4i pins and count
operation when the quadruple processing is selected.

TA4out J\ \L
~— ~—
Counted up at all edges Counted down at all edges
F1 41 41 41 +1 1 01 -1 1A
TA4IN ‘
S, I S E—
Co:unteo:I up a:t all ejdgesi C:)ount:ed ddwn af all edges
+1 +1 41 +1  +1 1041 41 41 4

Fig. 8.4.8 Quadruple processing

Table 8.4.3 Relationship between input signals to TA4  our
and TA4w pins and count operation when
quadruple processing is selected

Input signal to TA4out pin {Input signal to TA4iN pin
Up-count “H” level Rising edge
“L" level Falling edge
Rising edge “L" level
Falling edge “H” level
Down-count “H” level Falling edge
“L” level Rising edge
Rising edge “H” level
Falling edge “L" level
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[Precautions for event counter mode]

1. While counting is in progress, by reading the timer Aj register, the counter value can be read out at any
timing. However, if the timer Aj register is read at the reload timing shown in Figure 8.4.9, the value
“FFFF16” (at an underflow) or “000016” (at an overflow) is read out. If reading is performed in the period
from when a value is set into the timer Aj register with the counter stopped until the counter starts
counting, the set value is correctly read out.

(1) For countdown (2) For countup
Reload Reload
Counter value Counter value
(Hex.) 2 1 0 n |n-1 (Hex) |FFFD|FFFE[FFFF| n |n+1
Read value I Read value I
(Hex.) 2 1 0 [FFFF/n-1 (Hex.) FFFD|FFFE| FFFF| 0000|n + 1
— —
Time Time
n = Reload register’s contents n = Reload register’s contents

Fig. 8.4.9 Reading timer Aj register

2. The TAjour pin is used for all functions listed below. Accordingly, only one of these functions can be
selected for each timer.
*Switching between countup and countdown by TAjour pin’s input signal
*Pulse output function
Two-phase pulse signal processing function
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8.5 One-shot pulse mode

In this mode, the timer outputs a pulse which has an arbitrary width once. (Refer to “Table 8.5.1.” ) Timers
A2 to A4 can be used in this mode. When a trigger occurs, the timer outputs “H” level from the TAjour pin
for an arbitrary time. Figure 8.5.1 shows the structures of the timer Aj mode register and timer Aj register
in the one-shot pulse mode.

Table 8.5.1 Specifications of one-shot pulse mode

Item Specifications
Count source f2, fie, fe4, or fs12
Count operation e Countdown
e When the counter value becomes “000016,” reload register’s con-
tents are reloaded, and counting stops.
e If a trigger occurs during counting, reload register's contents are
reloaded, and counting continues.

Output pulse width (“H” n
Put P CH) e [S] n : Timer Aj register’s set value

When a trigger occurs. (Note)

Internal or external trigger can be selected by software.
When the counter value becomes “000016™

When the count start bit is cleared to “0”

Count start condition

Count stop condition

Interrupt request occurrence timing| When counting stops.

TAjin pin’s function Programmable /O port or trigger input
TAjour pin’s function One-shot pulse output

Read from timer Aj register An undefined value is read out.

Write to timer Aj register e While counting is stopped

When a value is written to the timer Aj register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Aj register, it is written only to
the reload register. (Transferred to the counter at the next reload
time.)

Note: The trigger is generated with the count start bit = “1.”
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b7 b6 b5 b4 b3 b2 bl bO

‘ 0 1:) (TAjn pin functions as a prog-

rammable I/O port.)
bommmmmmmmmmmmes 4 1 0 : Falling edge of TAjw pin’s input signal 0
1 1 : Rising edge of TAjn pin’s input signal

Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5A16

0 1({1]0
E : ' o Bit Bit name Functions At reset
A !_ . ! . bl b0
oo 0 Operating mode select bits 10 : One-shot pulse mode 0
e E :
 OnnEt 2 | Fix this bit to “1” in one-shot pulse mode. 0
oo ; . b4 b3
e 3 Trigger select bits 00 :1 Writing “1” to one-shot start register 0

------------------- 5 Fix this bit to “0” in one-shot pulse mode. 0
. b7 b6
---------------------- 6 Count source select bits 00:f 0
01:fie
B R CE T PR 7 10: fea 0
11:fs12

b7 b0 b7 b0

Timer A2 register (Addresses 4Bz1s, 4A1s)
Timer A3 register (Addresses 4Dzs, 4C1s)
Timer A4 register (Addresses 4Fi6, 4E16)

Bit Functions At reset

---------------------- 15 to 0| These bits can be set to “000116” to “FFFF16.” | Undefined
Assuming that the set value = n, the “H” level
width of the one-shot pulse output from the
TAjour pin is expressed as follows : n

i

fi: Frequency of count source (f2, fis, fes, Or fs12)

Note: Use the LDM or STA instruction for writing to this register.
Read from or write to this register in a unit of 16 bits.

Fig. 8.5.1 Structures of timer Aj mode register and timer Aj register in one-shot pulse mode
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8.5.1 Setting for one-shot pulse mode
Figures 8.5.2 and 8.5.3 show an initial setting example for registers relevant to the one-shot pulse mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 7.
INTERRUPTS.”

'

Selecting one-shot pulse mode and each function

b7 b0
| | | 0 I | | 1 | 1 | 0 | Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5A16)

[ [

Selection of one-shot pulse mode

———Trigger select bits
b4 b3

8 2 } Writing “1” to one-shot start bit: Internal trigger

1 0 : Falling edge of TAjin pin’s input signal: External trigger
11 :Rising edge of TAjin pin’s input signal: External trigger

Count source select bits
b7 b6

00:f2

01:fie

10:fes

11:fs12

Setting “H” level width of one-shot pulse

(b15) (b8)
b7 b0 b7 b0 )
| Timer A2 register (Addresses 4Bis, 4A16)

Timer A3 register (Addresses 4D1s, 4C1s)
Timer A4 register (Addresses 4F16, 4E16)

\— Can be set to “000116” to “FFFF16” (n).

Note. “H" level width = Tn
i

fi: Frequency of count source

Setting interrupt priority level

b7

b0 _. . . .
Timer Aj interrupt control register (j = 2 to 4)
_:IEI (Addresses 7716 to 7916)
Interrupt priority level select bits

When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

Continue to Figure 8.5.3.

Fig. 8.5.2 Initial setting example for registers relevant to one-shot pulse mode (1)
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From preceding Figure 8.5.2.

When external trigger

[ ]
h H When internal trigger
is selected .

is selected

Setting port P5 direction register Setting count start bit to “1”
- Port P5 direction register o %
| | | | | | | | | (Address Dis) g | | | | | | | | | Count start register (Address 4016)
TA2IN pin Timer A2 count start bit
——————— TA3IN pin L Timer A3 count start bit
——————— TA4INpin L Timer A4 count start bit
Set the corresponding bit to “0.”
Setting count start bit to “1” Setting one-shot start bit to “1”
b7 b0 b7 b0

[ T T T 1T 1 [ [ [countstartregister (address 401 | | | | | 0|0 4O;1e6)ShOtStartreg|Ster (Address

\;Timer A2 count start bit \;Tlmer A2 one-shot start bit

———Timer A3 count start bit L Timer A3 one-shot start bit
L Timer A4 count start bit L Timer A4 one-shot start bit

[Trigger input to TAjin pin}

mEEEEEEEE
S EEEEEEEEEEEEEEEEEEEEEDE

Trigger generated

Count starts

Fig. 8.5.3 Initial setting example for registers relevant to one-shot pulse mode (2)
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8.5.2 Count source

In the one-shot pulse mode, the count source select bits (bits 6 and 7 at addresses 5816 to 5A16) select
the count source. Table 8.5.2 lists the count source frequency.

Table 8.5.2 Count source frequency

Count source

. Count Count source frequency
select bits
source

b7 b6 f(Xin) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz
0 0 fa 4 MHz 8 MHz 12.5 MHz

0 1 f1e 500 kHz 1 MHz 1.5625 MHz
1 0 fea 125 kHz 250 kHz 390.625 kHz
1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz
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8.5.3 Trigger

The counter is enabled for counting when the count start bit (address 401¢) is set to “1.” The counter starts

counting when a trigger is generated after counting has been enabled. An internal or external trigger can

be selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5816 to 5A16) are “002"

or “012"; an external trigger is selected when the bits are “102" or “11..”

If a trigger is generated during counting, the reload register’'s contents are reloaded and the counter
continues counting. If generating a trigger during counting, make sure that a certain time which is equivalent
to one cycle of the timer’'s count source or more has passed between the previously generated trigger and

a new trigger.

(1) When selecting internal trigger

A trigger is generated when writing “1” to the one-shot start bit (bits 2 to 4 at address 4216). Figure

8.5.4 shows the structure of the one-shot start register.

(2) When selecting external trigger

A trigger is generated at the falling edge of the TAjin pin’s input signal when bit 3 at addresses 5816

to 5A is “0,” or at its rising edge when bit 3 is “1.”

When using an external trigger, set the port P5 direction registers’ bits which correspond to the TAjn

pins for the input mode.

b7 b6 b5 b4 b3 b2 bl b0

...nn One-shot start register (Address 421s)

- Bit Bit name Functions Atreset| RW
Vo E E E E E . 0 Fix these bits to “0.” The value is “0” at reading. 0 WO
it 1 o | wo
E E E E E L LT 2 | Timer A2 one-shot start bit 1 : Start outputting one-shot pulse 0 WO
A - - (valid when internal trigger is

b I it 3 | Timer A3 one-shot start bit selected.) 0 Wo
T - ) The value is “0” at reading.

S 4 | Timer A4 one-shot start bit 0 wo
Ay 7 to 5 | Nothing is assigned. Undefined| —

Fig. 8.5.4 Structure of one-shot start register
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8.5.4 Operation in one-shot pulse mode

O When the one-shot pulse mode is selected with the operating mode select bits, the TAjour pin outputs
“L" level.

O When the count start bit is set to “1,” the counter is enabled for counting. After that, counting starts when

a trigger is generated.

When the counter starts counting, the TAjour pin outputs “H” level.

O When the counter value becomes “00001s,” the output from the TAjour pin becomes “L” level. Additionally,
the reload register’'s contents are reloaded and the counter stops counting there.

O Simultaneously with O, the timer Aj interrupt request bit is set to “1.”
This interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

O

Figure 8.5.5 shows an example of operation in the one-shot pulse mode.

When a trigger is generated after 0 above, the counter and TAjour pin perform the same operations
beginning from O again. Furthermore, if a trigger is generated during counting, the counter performs
countdown once after this new trigger is generated, and it continues counting with the reload register’s
contents reloaded. If generating a trigger during counting, make sure that a certain time which is equivalent
to one cycle of the timer's count source or more has passed between the previously generated trigger and
a new trigger.

The one-shot pulse output from the TAjour pin can be disabled by clearing the timer Aj mode register’s bit
2 to “0.” Accordingly, Timer Aj can be also used as an internal one-shot timer that does not perform the
pulse output. In this case, the TAjour pin functions as a programmable 1/O port.
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8.5 One-shot pulse mode

n = Reload register’s contents

/ Starts counting.

FFFF16

Counter contents (Hex.)

000116

Stops
counting.

; Starts counting. , Stops counting.

Reloaded

Set to “1” by software.

N

Time

0 Count start bit

TAjN pin
input signal

[ Trigger during counting

1/fid(n)

One-shot pulse
output from
TAjour pin

Timer Aj interrupt
request bit

m
|

1/fi0(n+1)

fi = Frequency of count source
(f2, f1e, foa, OF f512)

—
f

Cleared to “0” when interrupt request is accepted
or cleared by software.

0 When the count start bit = “0” (counting stopped), the TAjour pin outputs “L” level.
0 When a trigger is generated during counting, the counter counts the count source (n + 1) times after a new trigger is generated.

Note: The above applies when an external trigger (rising of TAjin pin’s input signal) is selected.

Fig. 8.5.5 Example of operation in one-shot pulse mode (selecting external trigger)
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[Precautions for one-shot pulse mode]

1. If the count start bit is cleared to “0” during counting, the counter becomes as follows:
*The counter stops counting, and the reload register’s contents are reloaded into the counter.
*The TAjour pin’s output level becomes “L.”
*The timer Aj interrupt request bit is set to “1.”

2. A one-shot pulse is output synchronously with an internally generated count source. Accordingly, when
selecting an external trigger, there will be a delay equivalent to one cycle of the count source at maximum
from when a trigger is input to the TAjn pin until a one-shot pulse is output.

Trigger input
TAjiN pin’s
input signal *

Count
source

One-shot pulse
output from
TAjour pin

1 Starts outputting of one-shot pulse
P

Note: The above applies when an external trigger (falling edge of TAjin pin’s input signal) is selected.

Fig. 8.5.6 Output delay in one-shot pulse output

3. When the timer’s operating mode is set by one of the following procedures, the timer Aj interrupt request
bit is set to “1.”
e When the one-shot pulse mode is selected after reset
e When the operating mode is switched from the timer mode to the one-shot pulse mode
e When the operating mode is switched from the event counter mode to the one-shot pulse mode

Accordingly, when using the timer Aj interrupt (interrupt request bit), be sure to clear the timer Aj interrupt
request bit to “0” after the above setting.

4. Don not set “000016” to the timer Aj register.
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8.6 Pulse width modulation (PWM) mode

In this mode, the timer continuously outputs pulses which have an arbitrary width. (Refer to “Table 8.6.1." )
Timers A2 to A4 can be used in this mode. Figure 8.6.1 shows the structures of the timer Aj mode registers
and timer Aj registers in the PWM mode.

Table 8.6.1 Specifications of PWM mode

Item

Specifications

Count source

f2, fie, fea, Or fs12

Count operation

e Countdown (operating as an 8-bit or 16-bit pulse width modulator)

e Reload register’'s contents are reloaded at rising edge of PWM pulse,
and counting continues.

e A trigger generated during counting does not affect the counting.

PWM period/“H” level width

<16-bit pulse width modulator>

Period = (21;_1) [s]

N n : Timer Aj register’s set value
“H” level width = i [s]

<8-bit pulse width modulator> m : Timer Aj register low-order 8 bits’

Period = (m + 1](_)(28_1) [s] set value
Lin . _ In(m +1) n : Timer Aj register high-order 8
H" level width =—"——[s] bits’ set value

Count start condition

e When a trigger is generated. (Note)
e Internal or external trigger can be selected by software.

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

At falling edge of PWM pulse

TAjin pin’s function

Programmable 1/O port or trigger input

TAjout pin’s function

PWM pulse output

Read from timer Aj register

An undefined value is read out.

Write to timer Aj register

e While counting is stopped
When a value is written to the timer Aj register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Aj register, it is written only to
the reload register. (Transferred to the counter at the next reload
time.)

Note: The trigger is generated with the count start bit = “1.”
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b7 b6 b5 b4 b3 b2 bl bo
| | | | | |1|1|1| Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5A16)

00 :| Writing “1” to count start register
01: | (TAjw pin functions as a pro-

A Bit Bit name Functions Atreset| RW
e ; . b1 b0

oo 0 Operating mode select bits 11: PWM mode 0 RW
E E E : I- ------ 1 0 RW
A 2 | Fix this bit to “L” in PWM mode. 0o | rRwW
T RRRRREEY 3 | Trigger select bits babe o | rRw

grammable 1/O port.)
| Tmmmmmmmmmmemme 4 1 0 : Falling edge of TAjw pin's input signal 0 RW
1 1 : Rising edge of TAjin pin’s input signal

R R 5 16/8-bit PWM mode select bit 0: 16'b_it pulse V\_/idth modulator 0 RW
1: 8-bit pulse width modulator

....................... Count source select bits b7b6
6 00:f 0 | RW

01:fie

7 10:fea 0 RW
11:fs12

<When operating as a 16-bit pulse width modulator>

(b15) (8)
b7 bo b7 b0

Timer A2 register (Addresses 4B1s, 4A1s)
Timer A3 register (Addresses 4Dz1s, 4Czs)
Timer A4 register (Addresses 4F16, 4E16)

Bit Functions Atreset| RW

......................... 15 to 0| These bits can be set to “000016” to “FFFEz16." undefined] WO
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the

TAjour pin is expressed as follows: n

nis 1 fi
fi

(PWM pulse period =

fi: Frequency of count source (fz, fis, fes, OF fs12)
Note: Use the LDM or STA instruction for writing to this register.
Read from or write to this register in a unit of 16 bits.

<When operating as an 8-bit pulse width modulator>

(b15) (8)
b7 b0 b7 b0

Timer A2 register (Addresses 4Bis, 4A16)
Timer A3 register (Addresses 4D1s, 4C16)
Timer A4 register (Addresses 4F16, 4Ez16)

Bit Functions Atreset | RW

Assuming that the set value = m, PWM
pulse’s period output from the TAjout pin is
(m+1)28-1)
fi

:
N S 7 to 0 | These bits can be set to “0016” to “FFus.” Undefined| WO
i expressed as follows:

15 to 8| These bits can be set to “0016” to “FEzs.” Undefined| WO
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the
TAjour pin is expressed as follows:
n(m + 1)
i

fi: Frequency of count source (fz, fis, fes, Or f512)
Note: Use the LDM or STA instruction for writing to this register.
Read from or write to this register in a unit of 16 bits.

Fig. 8.6.1 Structures of timer Aj mode registers and timer Aj registers in PWM mode
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8.6.1 Setting for PWM mode

Figures 8.6.2 and 8.6.3 show an initial setting example for registers relevant to the PWM mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to

INTERRUPTS.”

“CHAPTER 7.

/

/Selecting PWM mode and each function
b7 b0

———— Trigger select bits
b4 b3
00:
01:

b7 b6
00:f2

01:fie
10:fes
11:fs12

.

| | | | | | 1| 1 | 1 | Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5A1s)

Selection of PWM mode

}Writing “1" to count start bit: Internal trigger
10 : Falling edge of TAji pin’s input signal
11 : Rising edge of TAji pin’s input signal

———————— 16/8-bit PWM mode select bit
0 : Operates as 16-bit pulse width modulator
1: Operates as 8-bit pulse width modulator

Count source select bits

: External trigger
: External trigger

/

/ Setting PWM pulse’s period and “H” level width

® When operating as 16-bit pulse width modulator

(b15) (b8)
b7 b0 b7

~

b0

Timer A2 register (Addresses 4B1s, 4A16)
Timer A3 register (Addresses 4D1s, 4C1s6)

Timer A4 register (Addresses 4F16, 4E16)

® When operating as 8-bit pulse width modulator

b b
G 5 o7

\— Can be set to “000016” to “FFFE16" (n)

bol Timer A2 register (Addresses 4Bis, 4A16)

Timer A3 register (Addresses 4Dz, 4Cus)
Timer A4 register (Addresses 4Fis, 4E16)

\— Can be set to “0016” to “FF16” (m)

.

Can be set to “0016” to “FE16” (n)

%

Note: When operating as 8-bit pulse width modulator
period = —(M*D) (2°-1)
fi
n(m+1)
fi
fi : Frequency of count source

“H" level width =

However, if n = “0016”, the pulse width modulator
does not operate and the TAjour pin outputs “L”
level. At this time, no timer Aj interrupt request
occurs.

Continue to

Note: When operating as 16-bit pulse width modulator

2161
fi
“H” level width = f—r:

Period =

fi : Frequency of count source

However, if n = “00001¢", the pulse width modulator does

not operate and the TAjour pin outputs “L” level. At this time,

no timer Aj interrupt request occurs.

Figure 8.6.3.

Fig. 8.6.2 Initial setting example for registers relevant to PWM mode (1)
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From preceding Figure 8.6.2.

~

Setting interrupt priority level

|b7| | | | | | |bo| Timer Aj interrupt control register (j = 2 to 4)
(Addresses 7716 to 7916)

Interrupt priority level select bits

When using interrupts, set these bits to one of
levels 1to 7.

When disabling interrupts, set these bits to
level 0.

- /

When external trigger is selected

When internal trigger is selected

/Setting port P5 direction register \ Setting count start bit to “1” \
b7 b0
Port P5 direction register b7 bo
| | | | | | | | | (Address Dis) | | | | | | | | | Count start register (Address 4016)
TA2N pin Timer A2 count start bit
TA3IN pin . .
TA4I pin Timer A3 count start bit
. . L Timer A4 count start bit
\ Clear the corresponding bit to “0.” / /

~

Setting count start bit to “1”
b7 b0
| | | | | | | | | Count start register (Address 4016)

Timer A2 count start bit

Timer A3 count start bit

Timer A4 count start bit

Trigger input
to TAjin pin

NN NN RN NN RN NN NN NN NN NN NN EENENEENNNENENNEEEEEE

FIRTRRRTNT]

Trigger generated
Count

Fig. 8.6.3 Initial setting example for registers relevant to PWM mode (2)
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8.6.2 Count source

In the PWM mode, the count source select bits (bits 6 and 7 at addresses 5816 to 5A16) select the count
source. Table 8.6.2 lists the count source frequency.

Table 8.6.2 Count source frequency

Count source
. Count Count source frequency
select bits
source
b7 b6 f(Xiw) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz
0 0 f 4 MHz 8 MHz 12.5 MHz
0 1 fie 500 kHz 1 MHz 1.5625 MHz
1 0 fea 125 kHz 250 kHz 390.625 kHz
1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz
8.6.3 Trigger

When a trigger is generated, the TAjour pin starts outputting PWM pulses. An internal or an external trigger
can be selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5816 to 5A16) are “002”
or “01."; an external trigger is selected when the bits are “102” or “11..”

A trigger generated during outputting of PWM pulses is invalid and it does not affect the pulse output
operation.

(1) When selecting internal trigger
A trigger is generated when “1” is written to the count start bit (address 40zs).

(2) When selecting external trigger
A trigger is generated at the falling edge of the TAjn pin’s input signal when bit 3 at addresses 5816
to 5Ase is “0,” or at its rising edge when bit 3 is “1.” However, the trigger input is accepted only when
the count start bit is “1.”
When using an external trigger, set the port P5 direction registers’ bits which correspond to the TAjin
pins for the input mode.
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8.6.4 Operation in PWM mode

O When the PWM mode is selected with the operating mode select bits, the TAjour pin outputs “L” level.

O When a trigger is generated, the counter (pulse width modulator) starts counting and the TAjour pin
outputs a PWM pulse (Notes 1 and 2).

O The timer Aj interrupt request bit is set to “1” each time the PWM pulse level goes from “H” to “L.”
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

O Each time a PWM pulse has been output for one period, the reload register’s contents are reloaded and
the counter continues counting.

The following explains operations of the pulse width modulator.

(1) 16-bit pulse width modulator
When the 16/8-bit PWM mode select bit is set to “0,” the counter operates as a 16-bit pulse width
modulator. Figures 8.6.4 and 8.6.5 show operation examples of the 16-bit pulse width modulator.

(2) 8-bit pulse width modulator
When the 16/8-bit PWM mode select bit is set to “1,” the counter is divided into 8-bit halves. Then,
the high-order 8 bits operate as an 8-bit pulse width modulator, and the low-order 8 bits operate as
an 8-bit prescaler. Figures 8.6.6 and 8.6.7 show operation examples of the 8-bit pulse width modulator.

Notes 1: If a value “00001¢” is set into the timer Aj register when the counter operates as a 16-bit
pulse width modulator, the pulse width modulator does not operate and the output from the
TAjout pin remains “L” level. The timer Aj interrupt request does not occur. Similarly, if a
value “0016” is set into the high-order 8 bits of the timer Aj register when the counter
operates as an 8-bit pulse width modulator, the same is performed.
2: When the counter operates as an 8-bit pulse width modulator, after a trigger is generated,
the TAjour pin outputs “L” level which has the same width as “H” level width of the PWM
pulse, which was set. After that, the PWM pulse output starts from the TAjour pin.
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170216 - 1)

- -
-

.-
)
Count source '
-
I

A\

%

TAjin pin’s input signal A

Trigger is not generated by this signal.

——«— 1/fi0(n)

PWM pulse output
from TAjout pin

Timer Aj interrupt
request bit
fi: Frequency of count source \ /

(f2, f1e, fe4, OF f512) Cleared to “0” when interrupt request is accepted
or cleared by software.

Note: The above applies when reload register (n) = “000316” and an external trigger (rising edge of
TAjiN pin’s input signal) is selected.

Fig. 8.6.4 Operation example of 16-bit pulse width modulator

n = Reload register’s contents

L TS W

“FFFEz¢” is set to timer Aj “000016” is set to timer Aj “200016” is set to timer Aj

fi: Frequency of count source register. register. register.

(f2, fis, fea, OF f512)

[ When an arbitrary value is set to the timer Aj register after setting “000016” to it, the timing at which the PWM pulse goes “H”
depends on the timing at which the new value is set.

Note: The above applies when an external trigger (rising edge of TAjin pin’s input signal) is selected.

output from i t
TAjourt pin b

i (1/f) 0 (216 -1) : (1/f)0 (216 -1) ; E @/f)0 @1 ;
:4 =:4 ! | -
= FFFE6f -4----=-=-----=-=------------- ' : !
x i 1 1 1
T : —l_l : : :
Py : A - : ! =y |
S 200016} - 1: ________________________________________________________ [ : H !
£ - - ; P
8§ @®¥-1)-nf-y-mmmmoos : P
o n —|: ' - !
£ poLe, -- | ' :
3 . ' ' | A ;
© i : : Co
000116 L 1 | 1 — . | ] -

‘ : | : E Stops E Restarts counting. Tllme
' . ' , 1 counting. ! ! :
TAjw pin's , : ! b ! i :
input signal 5: ' I L : ' |
PWM pulse ; : ; E E Y E i

Fig. 8.6.5 Operation example of 16-bit pulse width modulator (when counter value is updated during
pulse output)
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1/fi O (m+1) O (28 —1)

|
|
g
g
|
|

r
0O Count source i
L LY

%v

TAjin pin’s
input signal

< 1/fi0(m+1)

e T

 1/60(m+) 0 ()

O 8-bit prescaler's
underflow signal

<

PWM pulse output
from TAjout pin

Timer Aj interrupt r
requestbit  __ | L _ _ _ ____

fi: Frequency of count source

(fa, fio, fos, OF fo1z) Cleared to “0” when interrupt request is accepted or cleared by software.

[0 The 8-bit prescaler counts the count source.
O The 8-bit pulse width modulator counts the 8-bit prescaler’'s underflow signal.

Note: The above applies when the reload register’s high-order 8 bits (n) = “0216”
and low-order 8 bits (m) = “0216” and an external trigger (falling edge of TAjin pin
input signal) is selected.

Fig. 8.6.6 Operation example of 8-bit pulse width modulator
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[Precautions for PWM mode]

1. If the count start bit is cleared to “0” while outputting PWM pulses, the counter stops counting. When the
TAjout pin was outputting “H” level at that time, the output level becomes “L” and the timer Aj interrupt
request bit is set to “1.” When the TAjour pin was outputting “L” level, the output level does not change
and a timer Aj interrupt request does not occur.

2. When the timer’s operating mode is set by one of the following procedures, the timer Aj interrupt request
bit is set to “1.”
e When the PWM mode is selected after reset
e When the operating mode is switched from the timer mode to the PWM mode
e When the operating mode is switched from the event counter mode to the PWM mode

Accordingly, when using the timer Aj interrupt (interrupt request bit), be sure to clear the timer Aj interrupt
request bit to “0” after the above setting.
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MEMORANDUM
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[Precautions for event counter mode]
9.5 Pulse period/Pulse width measurement mode
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TIMER B

9.1 Overview 9.2 Block description

9.1 Overview

Timer B consists of three counters, Timers BO to B2, each equipped with a 16-bit reload function. Timers
BO to B2 operate independently of one another.

Timer B has three operating modes listed below. Timers BO and B1 have selective three operating modes
listed below. Timer B2 operates only in the timer mode.

(1) Timer mode (Timers BO to B2)
The timer counts an internally generated count source.

(2) Event counter mode (Timers BO and B1)
The timer counts an external signal.

(3) Pulse period/Pulse width measurement mode (Timers BO and B1)
The timer measures an external signal’s pulse period or pulse width.

In this chapter, Timer Bi (i = 0 to 2) indicates Timers BO to B2. Timer Bj (j = 0, 1) indicates Timers BO and
B1; this is used when the timer B’s input/output pins are used etc. (Hereafter, input/output pins are called
I/O pins.)

9.2 Block description

Figure 9.2.1 shows the block diagram of Timer B. Explanation of registers relevant to Timer B is described
below.

Count source select bits Data bus (odd)

fo——=0 | | ﬁ P
fie—™° \C Data bus (even)
fea——o
fs1o— o (Low-order 8 bits) (High-order 8 bits)
Timer mode
. . SN2 NS
Pulse period/Pulse width measurement mode | Timer Bi reload register (16)
PN PN
. o <L JL Ti Bi
Polarity switching Event counter - - |n|tm :err tl
TBjinO—{ andedge pulse mode o Timer Bi counter (16) '—"—D re eueUSF: bit
generating circuit 4
overflow
flag
(Valid in pulse period/pulse width
| measurement mode)
1 Counter reset circuit li

i=0-2,j=0,1

Fig. 9.2.1 Block diagram of Timer B
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9.2.1 Counter and reload register (timer Bi register)
Each of timer Bi counter and reload register consists of 16 bits and has the following functions.

1)

(2)

Functions in timer mode and event counter mode

Countdown in the counter is performed each time the count source is input. The reload register is
used to store the initial value of the counter. When a counter underflow occurs, the reload register’'s
contents are reloaded into the counter.

A value is set to the counter and reload register by writing the value to the timer Bi register. Table
9.2.1 lists the memory assignment of the timer Bi register.

The value written into the timer Bi register when the counting is not in progress is set to the counter
and reload register. The value written into the timer Bi register when the counting is in progress is
set only to the reload register. In this case, the reload register's updated contents are transferred to
the counter when the next underflow occurs. The counter value is read out by reading out the timer
Bi register.

Note: When reading from or writing to the timer Bi register, perform it in a unit of 16 bits. For more
information about the value obtained by reading the timer Bi register, refer to “[Precautions
for timer mode]” and “[Precautions for event counter mode].”

Functions in pulse period/pulse width measurement mode

Countup in the counter is performed each time the count source is input. The reload register is used
to retain the pulse period or pulse width measurement result. When a valid edge is input to the TBjin
pin, the counter value is transferred to the reload register. In this mode, the value obtained by
reading the timer Bj register is the reload register’s contents, so that the measurement result is
obtained.

Note: When reading from the timer Bj register, perform it in a unit of 16 bits.

Table 9.2.1 Memory assignment of timer Bi registers

Timer Bi register | High-order byte | Low-order byte
Timer BO register | Address 5116 Address 5016
Timer B1 register | Address 5316 Address 5216
Timer B2 register | Address 5516 Address 5416

Note: At reset, the contents of the timer Bi
register are undefined.
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9.2.2 Count start register
This register is used to start and stop counting. Each bit of this register corresponds to each timer.
Figure 9.2.2 shows the structure of the count start register.

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | Count start register (Address 4016)

i : : : : : : Bit Bit name Functions Atreset| RW
E . . . . , , Le--- 0 Timer AO count start bit 0 : Stop counting 0 RW
- 1 : Start counting

T il 1 | Timer Al count start bit 0 RW
i : : : : e 2 | Timer A2 count start bit 0 RW
i i i i O 3 Timer A3 count start bit 0 RW
E I I S EELEEETETEEES 4 Timer A4 count start bit 0 RW
AT O PP O PO P ORP PR 5 | Timer BO count start bit 0 RW
i GGEEEERRRRRRPRPERS 6 | Timer B1 count start bit 0 RW
R EESGRLCRTTTEEEPRREPRE 7 | Timer B2 count start bit 0 RW

D : Bits 0 to 4 are not used for Timer B.

Fig. 9.2.2 Structure of count start register
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9.2 Block description

9.2.3 Timer Bi mode register
Figure 9.2.3 shows the structure of the timer Bi mode register. The operating mode select bits are used
to select the operating mode of Timer Bi. Bits 2, 3, and bits 5 to 7 have different functions according to
the operating mode. These bits are described in the paragraph of each operating mode.

b7 b6 b5 b4 b3 b2 bl b0

L] | | | | TimerBimode register (i=0t02) (Addresses 5B1 to 5D1e)
A Bit Bit name Functions Atreset| RW
EEEEEE RS - T
SR 0 Operating mode select bits 00 : Timer mode 0 RW
- oo e 0 1 : Event counter mode
A A 1 0 : Pulse period/Pulse width
R 1 measurement mode 0 RW
- 11 : Do not select.
E E il 2 These bits have different functions according to the operating mode. 0 RW
S T S 3 0O | RW
: E E b 4 Nothing is assigned. Undefined| —
E : b e e 5 | These bits have different functions according to the operating mode. Undefined (NR(t))
. ote
 EEEEEEEEEEEEEEED 6 0 | Rw
S 7 0 RW

Note: Bit 5 is invalid in the timer and event counter modes; its value is undefined at reading.

Fig. 9.2.3 Structure of timer Bi mode register
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9.2 Block description

9.2.4 Timer Bi interrupt control register
Figure 9.2.4 shows the structure of the timer Bi interrupt control register. For details about interrupts, refer
to “CHAPTER 7. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

Timer Bi interrupt control register (i = 0 to 2) (Addresses 7Az16 to 7Cais)

Bit Bit name Functions Atreset| RW
T T | iority level sel i b2 b1 b0 )

- 0 nterrupt priority level select bits 00 0: Level 0 (Interrupt disabled) 0 RW
- 001:Levell Low level

A 010:Level 2

A R - A TR 1 011:Level3 0 RW
R R 100:Level 4

I 101:Level5

R R 110:Level 6

I 2 111:Level7 High level 0 RW
E R 3 | Interrupt request bit 0 : No interrupt requested 0 RW
N 1 : Interrupt requested
beeboidoidi 710 4 | Nothing is assigned. Undefined | —

Fig. 9.2.4 Structure of timer Bi interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select a timer Bi interrupt’s priority level. When using timer Bi interrupts, select one of the
priority levels (1 to 7). When a timer Bi interrupt request occurs, its priority level is compared with
the processor interrupt priority level (IPL). The requested interrupt is enabled only when its priority
level is higher than the IPL. (However, this applies when the interrupt disable bit (I) = “0.”) To disable
timer Bi interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when a timer Bi interrupt request occurs. This bit is automatically cleared to “0”
when the timer Bi interrupt request is accepted. This bit can be set to “1” or cleared to “0” by
software.
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9.2 Block description

9.2.5 Port P5 direction register

Input pins of Timer Bj are multiplexed with port P5. When using these pins as Timer Bj's input pins, set
the corresponding bits of the port P5 direction register to “0” to set these port pins for the input mode.
Figure 9.2.5 shows the relationship between port P5 direction register and the Timer Bj’s input pins.

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | |PortP5directi0nregister(Addresles)

¢+ 0 v v v it | Corresponding pin name Functions Atreset| RW
i i E e ) TAZ2our pin 0 :Input mode 0 RW
- ) 1:0 d

A 1 | TA2w pin utput mode o | rRw
e . When using these pins as

i i E : i 2 TA3our pin Timer Bj's input pins, setthe 0 RW
v E . 3 TA3 pin corresponding bits to "0 0 RW
EEREEEEEE LR 4 | TA4our pin 0 RW
i i L EEEEEEEEEEERE 5 | TA4 pin 0 RW
H  ECRGECELEE LR 6 | TBOW pin 0 RW
RRGLECECETEEEELETEERL 7 | TB1w pin 0 | RW

E] - Bits 0 to 5 are not used for Timer B.

Fig. 9.2.5 Relationship between port P5 direction register and Timer Bj's input pins
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9.3 Timer mode

9.3 Timer mode

In this mode, the timer counts an internally generated count source. (Refer to “Table 9.3.1.” ) Figure 9.3.1
shows the structures of the timer Bi mode register and timer Bi register in the timer mode.

Table 9.3.1 Specifications of timer mode

Item

Specifications

Count source

f2, fle, f64, or fsiz

Count operation

*Countdown

*When a counter underflow occurs, reload register’s contents are reloaded,
and counting continues.

Division ratio

1

e+ 1) n : Timer Bi register’s set value

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter underflow occurs.

TBjin pin’s function

Programmable 1/O port

Read from timer Bi register

Counter value can be read out.

Write to timer Bi register

e While counting is stopped
When a value is written to the timer Bi register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Bi register, it is written only to
the reload register. (Transferred to the counter at the next reload
time.)

9-8
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9.3 Timer mode

b7 b6 b5 b4 b3 b2 bl bO

| | I 0 . g | g | 0 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5Bu16 to 5Dzs)

femmmmm==d

e Bit Bit name Functions Atreset| RW

1 1 1 1 1 1 1 . . bl b0

b E : E E ! ---] 0 Operating mode select bits 00 : Timer mode 0 RW

O 1 0 RW

L EEEEEETEE 2 These bits are invalid in timer mode. 0 RW

Voo Smmmmmmmmeeeey 3 0 RW

b ; . 4 | Nothing is assigned. Undefined|  —

E . R EECEEEEEEEEE 5 | This bitis invalid in timer mode; its value is undefined at reading. Undefined| RO

E s 6 | Count source select bits b7 b6 0 RW

! 00:f

' 01:fe

L 7 10:fes 0 RW
11:fs12

(b15) (b8)
b7 b0 b7

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset| RW

....................... 15 to 0 | These bits can be set to “000016” to “FFFFa6.” | Undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by (n + 1).
When reading, the register indicates the
counter value.

Note: Read from or write to this register in a unit of 16 bits.

Fig. 9.3.1 Structures of timer Bi mode register and timer Bi register in timer mode
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9.3 Timer mode

9.3.1 Setting for timer mode
Figure 9.3.2 shows an initial setting example for registers relevant to the timer mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 7.
INTERRUPTS.”

Selecting timer mode and count source \

b7 b0 T Bi mod i i=0to2
[ [ [0MO[0 0] 0] (diresses sBre 1050y -
]

Selection of timer mode

Count source select bits
b7 b6
00:f2
01:fie

10:fes .
O: It may be either “0” or “1.”

11:fs12
o /

Setting division ratio
(b15) (b8) . .
b7 b0 b7 po Timer BO register (Addresses 5116, 5016)
| Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

\— Can be set to “000016” to “FFFF16” (n).

Note: The counter divides the count source by (n + 1).

Setting interrupt priority level

b7 b0

Timer Bi interrupt control register (i = 0 to 2)
(Addresses 7Az16 to 7Czs6)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

~

Setting count start bit to “1”
b7 b0

| | | | | | | | |Countstartregister(Address401s)

.

Timer BO count start bit

Timer B1 count start bit

\ Timer B2 count start bit /

Count Starts

Fig. 9.3.2 Initial setting example for registers relevant to timer mode
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9.3 Timer mode

9.3.2 Count source

In the timer mode, the count source select bits (bits 6 and 7 at addresses 5B16 to 5D16) select the count
source. Table 9.3.2 lists the count source frequency.

Table 9.3.2 Count source frequency

Count source

. Count Count source frequency
select bits
source

b7 b6 f(Xin) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz
0 0 fa 4 MHz 8 MHz 12.5 MHz

0 1 f1e 500 kHz 1 MHz 1.5625 MHz
1 0 fea 125 kHz 250 kHz 390.625 kHz
1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz

7721 Group User's Manual
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9.3 Timer mode

9.3.3 Operation in timer mode

0 When the count start bit is set to “1,” the counter starts counting of the count source.

O When a counter underflow occurs, the reload register’'s contents are reloaded, and counting continues.

O The timer Bi interrupt request bit is set to “1” at the underflow in 0. The interrupt request bit remains
set to “1” until the interrupt request is accepted or the interrupt request bit is cleared to “0” by software.

Figure 9.3.3 shows an example of operation in the timer mode.

n = Reload register's contents

FFFF16 Starts counting. Stops counting
, 1/ 0 (n+1) . . Co

ll 'I ‘ '

n o Sttt ntted Iy ittt ittt mn M YTTTTTAT T
, | Restarts counting. | .
' — H
1 -n A -

Counter contents (Hex.)

000016

i Time

Set to “1” by software.

N

Cleared to “0” by softwére. Set to “1" by software.

1
4
I
I
]
I
|
T
[l
I
I
]
[l
I
I
]
[l
I
I
I
I
I
]
[l
I
I
]
[l
I I
I
]
[l

N o
L

Count start bit

Timer Bi interrupt |—|—|—| ’—
request bit

fi = frequency of count source ? ?

(f2, fis, fos, fo12) Cleared to “0” when interrupt request is
accepted or cleared by software.

Fig. 9.3.3 Example of operation in timer mode
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9.3 Timer mode

[Precautions for timer mode]
While counting is in progress, by reading the timer Bi register, the counter value can be read out at any
timing. However, if the timer Bi register is read at the reload timing shown in Figure 9.3.4, the value
“FFFF16” is read out. If reading is performed in the period from when a value is set into the timer Bi register
with the counter stopped until the counter starts counting, the set value is correctly read out.

Reload

4

Counter value

(Hex.) 2 1 0 n |n-1
Rea s 2 | 1| 0 |FFFF|n-1
n = Reload register’s contents Time

Fig. 9.3.4 Reading timer Bi register
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9.4 Event counter mode

9.4 Event counter mode

In this mode, the timer counts an external signal. (Refer to “Table 9.4.1.” ) Figure 9.4.1 shows the structures
of the timer Bj mode register and the timer Bj register in the event counter mode.

Table 9.4.1 Specifications of event counter mode

Item Specifications
Count source <External signal input to the TBjin pin
*The count source’s valid edge can be selected from the falling edge,
the rising edge, and both of the falling and rising edges by software.
Count operation «Countdown
*When a counter underflow occurs, reload register’s contents are reloaded,
and counting continues.

Division ratio D n : Timer Bj register’'s set value
(n +1)

Count start condition When the count start bit is set to “1.”

Count stop condition When the count start bit is cleared to “0.”

Interrupt request occurrence timing| When a counter underflow occurs.

TBjin pin’s function Count source input

Read from timer Bj register Counter value can be read out.

Write to timer Bj register e While counting is stopped

When a value is written to the timer Bj register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Bj register, it is written only to
the reload register. (Transferred to the counter at the next reload
time.)
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9.4 Event counter mode

b7 b6 b5 b4 b3 b2 bl b0
||] |D |D . | | ol 1 | Timer Bj mode register (j = 0, 1) (Addresses 5B1s, 5Ci6)
Bit Bit name Functions Atreset| RW
A Operati de select bit b1 bo
N - 0 perafing mode select bits 0 1 : Event counter mode 0 RW
e 1 0 RW
E E E E E R 2 Count polarity select bits b3 b2 0 RW
oy o 00: Count at falling edge of external signal
oy 01: Count at rising edge of external signal
oy e 10: Counts at both falling and rising edges
e 3 of external signal 0 RW
oy 11: Do not select.
EEEEEEERRERE 4 | Nothing is assigned. Undefined| —
E E S 5 This bit is invalid in event counter mode; its value is undefined at Undefined| RO
P reading.
E :. ______________________ 6 These bits are invalid in event counter mode. 0 RW
R L CEET R 7 0 RW
(b15) (b8)
b bO b7 0 Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Bit Functions Atreset| RW
R 15 to 0| These bits can be set to “000016” to “FFFF16.” | yngefinea| RW

Assuming that the set value = n, the counter

divides the count source frequency by (n + 1)

When reading, the register indicates the

counter value.

Note: Read from or write to this register in a unit of 16 bits.
Fig. 9.4.1 Structures of timer Bj mode register and timer Bj register in event counter mode
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9.4 Event counter mode

9.4.1 Setting for event counter mode
Figure 9.4.2 shows an initial setting example for registers relevant to the event counter mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 7.
INTERRUPTS.”

a N

Selecting event counter mode and count polarity

b7 b0
| Dl 0O | 0O . | | 0 | 1| Timer Bj mode register (j = 0, 1) (Addresses 5Bz16, 5C16)

Selection of event counter mode

Count polarity select bits

b3 b2

0 0: Counts at falling edge of external signal.

0 1: Counts at rising edge of external signal.

1 0: Counts at both of falling and rising edges of external signal.
1 1:Do not select.

\ O: It may be “0” or “1.” /

Setting division ratio

(b15) (b8) bo
b7 bo | b7 Timer BO register (Addresses 5116, 5016)

Timer B1 register (Addresses 5316, 5216)

\— Can be set to “00001¢" to “FFFF16” (n).

Note: The counter divides the count source by (n + 1).

Setting interrupt priority level

b7 b0

Timer Bj interrupt control register (j = 0, 1)
(Addresses 7Az1s, 7B16)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

Setting port P5 direction register
b7 b0
| | | | | | | | | Port P5 direction register (Address Dzs)

TBO pin Clear the corresponding bit to “0.”

TB1n pin

~

Setting count start bit to “1”
b7 b0
| | | | | | | | | Count start register (Address 4016)

Count_starts

L Timer BO count start bit

Timer B1 count start bit

- /

Fig. 9.4.2 Initial setting example for registers relevant to event counter mode
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9.4 Event counter mode

9.4.2 Operation in event counter mode
0 When the count start bit is set to “1,” the counter starts counting of the count source’s valid edges.
O When a counter underflow occurs, the reload register’'s contents are reloaded, and counting continues.
O The timer Bj interrupt request bit is set to “1” at the underflow in .
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

Figure 9.4.3 shows an example of operation in the event counter mode.

n = Reload register’s contents
FFFF16 Starts counting. )
Stops counting.

<>

Ll e e B R oot B
'  Restarts counting .
, | -
-- ; A

000016 :

Counter contents (Hex.)

Time

Set to “1” by software.

N Y
L]

Cleared to “0” by

Set to “1” by software. software.

Count start bit

Timer Bj interrupt
request bit

f !

Cleared to “0” when interrupt request is accepted or cleared by software.

Fig. 9.4.3 Example of operation in event counter mode
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9.4 Event counter mode

[Precautions for event counter mode]
While counting is in progress, by reading the timer Bj register, the counter value can be read out at any
timing. However, if the timer Bj register is read at the reload timing shown in Figure 9.4.4, the value
“FFFF16” is read out. If reading is performed in the period from when a value is set into the timer Bj register
with the counter stopped until the counter starts counting, the set value is correctly read out.

Reload
Counter(\gaelie; 2 1 0 n n—1
R |
S 2 | 1| o |FFFF{n-1
n = Reload register's contents Time

Fig. 9.4.4 Reading timer Bj register
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9.5 Pulse period/Pulse width measurement mode

9.5 Pulse period/Pulse width measurement mode

In this mode, the timer measures an external signal’s pulse period or pulse width. (Refer to “Table 9.5.1.” )
Timers BO and B1 can be used in this mode. Figure 9.5.1 shows the structures of the timer Bj mode register
and timer Bj register in the pulse period/pulse width measurement mode.

e Pulse period measurement
The timer measures the pulse period of the external signal that is input to the TBjn pin.

e Pulse width measurement

The timer measures the pulse width (“L” level and “H” level widths) of the external signal that is input
to the TBji pin.

Table 9.5.1 Specifications of pulse period/pulse width measurement mode
Item Specifications

Count source f2, fie, fe4, or f512

Count operation e Countup

e Counter value is transferred to the reload register at valid edge of
measurement pulse, and counting continues after clearing the counter
value to “000016.”

Count start condition When the count start bit is set to “1.”

Count stop condition When the count start bit is cleared to “0.”

Interrupt request occurrence timing | ¢ When valid edge of measurement pulse is input (Note 1).

e When a counter overflow occurs (Timer Bj overflow flag” is set to
“1” simultaneously.)

TBjIN pin’s function Measurement pulse input

Read from timer Bj register The value obtained by reading timer Bj register is the reload register’s
contents (Measurement result) (Note 2).

Write to timer Bj register Invalid

Timer Bj overflow flag™: The bit used to identify the source of an interrupt request occurrence.
Notes 1: No interrupt request occurs when the first valid edge is input after the counter starts counting.
2: The value read out from the timer Bj register is undefined after the counter starts counting until
the second valid edge is input.
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9.5 Pulse period/Pulse width measurement mode

b7 b6 b5 b4 b3 b2 bl bO
| I | | 1| 0 | Timer Bj mode register (j = 0, 1) (Addresses 5B1s, 5Ci6)

E Bit Bit name Functions Atreset | RW

, , . : ; b1 b0 . .
o 0 Operating mode select bits 10 : Pulse period/Pulse width 0 RW
L. 1 measurement mode 0 RW

b3 b2

0 0 : Pulse period measurement
(Interval between falling edges
of measurement pulse)

0 1: Pulse period measurement
(Interval between rising edges

T TEEEEEES 2 Measurement mode select bits

] 3 of measurement pulse)
"""""" 10 : Pulse width measurement 0 RW
(Interval from a falling edge to a rising
edge, and from a rising edge to a
falling edge of measurement pulse)
11: Do not select.

................ 4 Nothing is assigned. Undefined| —
: 5 Timer Bj overflow flag 0 : No overflow Undefined| RO
o TTTTTTTTTImmmeees (Note) 1: Overflowed
‘ . b7 b6
L 6 Count source select bits 00:f 0 RW
01:fs
7 10:fes 0 RW
o 11:fs12

Note: The timer Bj overflow flag is cleared to “0” at the next count timing of the count source
when a value is written to the timer Bj mode register with the count start bit = “1.”

(b15) (b8)
b7 b0 b7 )

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)

Bit Functions Atreset [ RW

...................... 15 to 0| The measurement result of pulse period or | Undefined| RO
pulse width is read out.

Note: Read from this register in a unit of 16 bits.

Fig. 9.5.1 Structures of timer Bj mode register and timer Bj register in pulse period/pulse width
measurement mode
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9.5 Pulse period/Pulse width measurement mode

9.5.1 Setting for pulse period/pulse width measurement mode

Figure 9.5.2 shows an initial setting example for registers relevant to the pulse period/pulse width measurement
mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 7.
INTERRUPTS.”

{

Selecting pulse period/pulse width measurement mode and each function \
b7 b0
| | | .I | | 1 | 0 | Timer Bj mode register (i = 0, 1) (Addresses 5B1s, 5Ci)

] LI

Selection of pulse period/pulse width measurement mode

Measurement mode select bits

b3 b2

0 0: Pulse period measurement (Interval between falling edges
of measurement pulse)

0 1: Pulse period measurement (Interval between rising edges
of measurement pulse)

1 0: Pulse width measurement

1 1: Do not select.

Timer Bj overflow flag (Note)
0: No overflow
1: Overflowed

Count source select bits
b7 b6
00:f2
0 1:fie
1 0:fes
1 1:fs12

- %

Setting interrupt priority level
b7 b0

Timer Bj interrupt control register (j =0, 1)
_ZIE (Adcresses 7Aw, 7816

Interrupt priority level select bits
When using interrupts, set these bits to one of levels
1to7.

When disabling interrupts, set these bits to level 0.

Setting port P5 direction register
b7 b0
[ T T T T T T T ]portpsdirection register (Address Die)

. TBOW pin

TBLin pin  Clear the corresponding bit to “0.”

Setting count start bit to “1”
b7 b0

| | | | | | | | |C0untstartregister (Address 4016)

Count starts

Timer BO count start bit

Timer B1 count start bit

Note: The timer Bj overflow flag is a read-only bit. This bit is undefined after reset. When a value is written to the timer Bj mode register with
the count start bit = “1,” this bit is cleared to “0” at the next count timing of the count source.

Fig. 9.5.2 Initial setting example for registers relevant to pulse period/pulse width measurement mode
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9.5 Pulse period/Pulse width measurement mode

9.5.2 Count source

In the pulse period/pulse width measurement mode, the count source select bits (bits 6 and 7 at addresses

5B1s and 5Cie) select the count source.

Table 9.5.2 lists the count source frequency.

Table 9.5.2 Count source frequency

Count source

] Count Count source frequency
select bits
source

b7 b6 f(Xin) = 8 MHz f(Xin) = 16 MHz f(Xin) = 25 MHz
0 0 f2 4 MHz 8 MHz 12.5 MHz

0 1 fie 500 kHz 1 MHz 1.5625 MHz
1 0 fea 125 kHz 250 kHz 390.625 kHz
1 1 fs12 15625 Hz 31250 Hz 48.8281 kHz

9-22
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9.5 Pulse period/Pulse width measurement mode

9.5.3 Operation in pulse period/pulse width measurement mode

O When the count start bit is set to “1,” the counter starts counting of the count source.

O The counter value is transferred to the reload register when an valid edge of the measurement pulse
is detected. (Refer to section “(1) Pulse period/Pulse width measurement.” )

O The counter value is cleared to “00001¢” after the transfer in O, and the counter continues counting.

O The timer Bj interrupt request bit is set to “1” when the counter value is cleared to “000016” in [ (Note).
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

O The timer repeats operations 0 to [0 above.

Note: No timer Bj interrupt request occurs when the first valid edge is input after the counter starts counting.

(1) Pulse period/Pulse width measurement

The measurement mode select bits (bits 2 and 3 at addresses 5B1s and 5Cis) specify whether the
pulse period of an external signal is measured or its pulse width is done. Table 9.5.3 lists the
relationship between the measurement mode select bits and the pulse period/pulse width measurements.
Make sure that the measurement pulse interval from the falling edge to the rising edge, and vice
versa are two cycles of the count source or more. Additionally, use software to identify whether the
measurement result indicates the “H” level or the “L” level width.

Table 9.5.3 Relationship between measurement mode select bits and pulse period/pulse width measurements

b3 ! b2 | Pulse period/Pulse width measurement Measurement interval (Valid edges)
| - - - -
0 0 |Pulse period measurement From falling edge to falling edge (Falling edges
p ”99._99(._99)
0, 1 From rising edge to rising edge (Rising edges)
1 i 0 |Pulse width measurement From falling edge to rising edge, and vice versa
| (Falling and rising edges)

(2) Timer Bj overflow flag

A timer Bj interrupt request occurs when a measurement pulse’s valid edge is input or a counter
overflow occurs. The timer Bj overflow flag is used to identify the cause of the interrupt request, that
is, whether it is an overflow occurrence or a valid edge input.

The timer Bj overflow flag is set to “1” by an overflow. Accordingly, the cause of the interrupt request
occurrence is identified by checking the timer Bj overflow flag in the interrupt routine. When a value
is written to the timer Bj mode register with the count start bit = “1,” the timer Bj overflow flag is
cleared to “0” at the next count timing of the count source

The timer Bj overflow flag is a read-only bit.

Use the timer Bi interrupt request bit to detect the overflow timing. Do not use the timer Bi overflow
flag for this detection.

Figure 9.5.3 shows the operation during pulse period measurement. Figure 9.5.4 shows the operation
during pulse width measurement.
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9.5 Pulse period/Pulse width measurement mode

Count source | --

Measurement pulse

Transferred
Reload register «— Counter ﬂundefined value) ﬂmeasured value)!

Transferred
Transfer timing |_| |_|

Timing at which counter is
cleared to “000016”

Count start bit ‘
Timer Bj interrupt 1
request bit . l
al

Cleared to “0” when interrupt request is accepted or

cleared by software.
Timer Bj overflow flag |

O Counter is initialized by completion of measurement.
O Counter overflow.

Note: The above applies when measurement is performed for an interval from one falling edge to the next
falling edge of the measurement pulse.

Fig. 9.5.3 Operation during pulse period measurement

Count source --
Measurement pulse { | f f { | { L ;1 |
P . ' Transferred L Transferredf.

| (undefined | | Transferred (measured | | Transferred
! i Avalue) 1 X (measured value) | ¥ (measured
. ‘ 1/ / value) / 2 value)
Reload register «+— Counter | |_| |_| |_| |_|

Transfer timing 0 !

‘ SRS L0
Timing at which counter is i /" '
cleared to “000016" : |_| |_| |_| l N |

Count start bit !
Timer Bj interrupt |—| |_|_|_|_ I—
request bit - --

Cleared to “0” when interrupt request is accepted or
cleared by software. I—

Timer Bj overflow flag

0 Counter is initialized by completion of measurement.
O Counter overflow.

Fig. 9.5.4 Operation during pulse width measurement
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9.5 Pulse period/Pulse width measurement mode

[Precautions for pulse period/pulse width measurement mode]

1. A timer Bj interrupt request is generated by the following sources:
e Input of measured pulse’s valid edge
e Counter overflow

When the overflow generates the interrupt request, the timer Bj overflow flag is set to “1.”

2. After reset, the timer Bj overflow flag is undefined. When a value is written to the timer Bj mode register
with the count start bit = “1,” this flag is cleared to “0” at the next count timing of the count source.

3. An undefined value is transferred to the reload register when the first valid edge is input after the counter
starts counting. In this case, no timer Bj interrupt request occurs.

4. The counter value at start of counting is undefined. Accordingly, a timer Bj interrupt request may be
generated by an overflow immediately after the counter starts counting.

5. If the contents of the measurement mode select bits are changed after the counter starts counting, the
timer Bj interrupt request bit is set to “1.” When the same value which has been set in these bits are
written again, the timer Bj interrupt request bit is not changed, that is, the bit retains the state.

6. If the input signal to the TBjin pin is affected by noise, etc., the counter may not perform the exact
measurement. We recommend to verify, by software, that the measurement values are within a constant
range.
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MEMORANDUM
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REAL-TIME OUTPUT

10.1 Overview

10.1 Overview
The real-time output has the function of changing the output level of several pins simultaneously at every
period of the timer. Figure 10.1.1 shows the block diagram of real-time output per bit. Real-time output has

two operating modes described below.

(1) Pulse mode 0
The 8-bit pulse output pins serve for two independent 4-bit outputs. Figure 10.1.2 shows the configuration

of real-time output in the pulse mode 0.

(2) Pulse mode 1
The 8-bit pulse output pins serve for a 2-bit and a 6-bit outputs. Figure 10.1.3 shows the configuration

of real-time output in the pulse mode 1.

Timer Aj . - -
underflow signal _| | Bit i of port P6 direction register
T 1

%' Pulse output data register j l—D Q] o
Flip-flop (O PGIIRTPOK, P6i/RTP1k

»I Port P6i latch }—K/G
0

Waveform output select bit j } ------ J
[t < g]‘

Data bus

Fig. 10.1.1 Block diagram of real-time output per bit
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10.1 Overview

Pulse output data register 0

b7 bo T T
—NTTIIT11] [Tmerao @ | [ PortP drecion regiser
o |
@ _ F—OP6aRTPOO i _
@ J—©P61/RTP01 . Port P6i latch
= @ O PGIRTPO; | =00 -
Q _@  ——OP6s/RTPOs
L Bit 0 of waveform output select bits
w .
= Pulse output data register 1
% b7 b0
S [TTTTTT]
[ @ _ F—OPsurTPL
@) P6s/RTP11
|_ @__ 1‘—OP65/RTP12
i @ —OP61/RTPLs
Bit 1 of waveform output select bits

Fig. 10.1.2 Configuration of real-time output in pulse mode 0

Pulse output data register 0

b7 b0

Timer AO

J—O P61/RTPO1

-l_—D Bit 0 of waveform output select bits

Pulse output data register 1

b7 b0

Data bus (even)

P63/RTPO3
1‘—@ P64/RTP1o i
—) P65/RTP11 —
_ F—OP6sRTPL:

J—O P67/RTP1s

-|__E| Bit 1 of waveform output select bits

|
|
_ F—OPeRrTPO: |
|
|

|@|@|@!@|@ @|

Fig. 10.1.3 Configuration of real-time output in pulse mode 1
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10.2 Block description

Relevant registers to real-time output are described below.

10.2.1 Real-time output control register
Figure 10.2.1 shows the structure of the real-time output control register.

b7 b6 b5 b4 b3 b2 bl bO

_:I:I:I Real-time output control register (Address 6216)

A Bit Bit name Functions Atreset| RW
E E E E E E E t---| o |waveform output select bits See the following Table. 0 RW
A 1 0 RW
e EEEEEEE 2 Pulse output mode select bit 0 : Pulse mode 0 0 RW
oo o 1: Pulse mode 1

7 to 3 | Nothing is assigned. Undefined| —
(A P T The value is “0” at reading.

Note: When using the P60—P67 pins as the pulse output pins for real-time output, set the
corresponding bits of the port P6 direction register (address 101e) to “1.”

bl b0 00 01 10 11
—O P67/RTP1s —O P67/RTP1s —O P6/RTP13 —O P67/RTP1s
—O PB6/RTP12 —O P66/RTP12 —O P66/RTP12 —O P6s/RTP12
—O PesiRTPL: [ POY| —O pesrTPL [ POT| —O pes/RTP1: [ RTP| —O pesirTP1, [ RTP
When pulse mode 0 —O P64/RTP1o —O P64/RTPLo —O P64RTPLo —O P64/RTPLo
is selected —O P63/RTPO: —O P63/RTPO: —O P63/RTPO: —0O P63/RTPO:
—O P62/RTPO2 —O P62/IRTPO2 —O P62/RTPO2 —O P62/RTPO2
—O P6/RTPO: [ POrt| &5 peyrTPO: [ RTP| —O PeuyRrTPO:  POrt| O peyRTPO. [ RTP
—O P60/RTPO0 —O P60/RTPQo —(0O P60/RTPOo —0O P60/RTPQo
—O P67/RTP13 —O P67/RTP13 —O P67/RTP13 —O P67/RTP13
—O P6s/RTP12 —O P66/RTP12 —O P6s/RTP12 —O P6s/RTPL2
—O P6s5/RTP11 Port —O P6s/RTP11 Port —O P6s/RTP11 —O P6s/RTP11
—O P64RTPLo —O P64JRTPLo —O P64RTP1e [ RTP| _O peyRTPL [ RTP
When pulse mode 1| —O P63/RTPO3 —0O P63/RTPOs —O P63/RTPOs —0O P63/RTPOs
is selected —O P62/RTPO2 —O P62/RTPO2 —O P62/RTPO2 —O P62/RTPO:
—O P61/RTPO1 —O P61/RTPO1 —O P64/RTPO: —O P614/RTPO:
~O P6aRTPO0 /O —O peoRTPO0 /S N7 | —O P6oRTPO0 / 7O —O peoRTPO. / KT

Port : This functions as a programmable 1/O port.
RTP : This functions as a pulse output pin.

Fig. 10.2.1 Structure of real-time output control register
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10.2.2 Pulse output data registers 0 and 1
Figure 10.2.2 shows the structure of the pulse output data registers 0 and 1. The bit position of the RTPO:
and RTPOs pulse output data bits differs according to the pulse mode. Before setting the pulse output data

registers 0 and 1, set of the pulse output mode select bit (bit 2 at address 621s).

The data written into the pulse output data registers 0 and 1 is output from the corresponding pulse output
pins every underflow of Timers A0 and Al.

b7 b6 b5 b4 b3 b2 bl bO

Pulse output data register 0 (Address 1Ais)

b7 b6 b5 b4 b3 b2 bl b0

Bit Bit name Functions Atreset | RW
0 RTPOo pulse output data bit 0: “L” level output Undefined| WO
- 1:“H” level output
1 RTPO1 pulse output data bit Undefined| WO
RTPO2 pulse output data bit )
2
(Valid in pulse mode 0) Undefined| WO
RTPO3 pulse output data bit )
3
(Valid in pulse mode 0) Undefined | WO
7 to 4 | Nothing is assigned. Undefined | ——
Note: Use the LDM or STA instruction for writing to this register
Pulse output data register 1 (Address 1Cais)
Bit Bit name Functions Atreset | RW
0,1 | Nothing is assigned. Undefined | ——
2 RTPO2 pulse output data bit 0:“L" level output Undefined| WO
(Valid in pulse mode 1) 1:“H" level output
3 RTPO3 pulse output data bit Undefined| WO
(Valid in pulse mode 1)
4 RTP1o pulse output data bit Undefined| WO
5 RTP11 pulse output data bit Undefined| WO
6 RTP12 pulse output data bit Undefined | WO
7 RTP13 pulse output data bit Undefined| WO

Note: Use the LDM or STA instruction for writing to this register.

Fig. 10.2.2 Structure of pulse output data registers 0 and 1
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10.2 Block description

10.2.3 Port P6 direction register

The pulse output pins are shared with port P6. When using these pins as pulse output pins of real-time
output, set the corresponding bits of the port P6 direction register to “1” to set these ports for the output
mode. Figure 10.2.3 shows the relationship between the port P6 direction register and the pulse output
pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P6 direction register (Address 1016)

Bit Bit name Functions Atreset| RW

E ' . ------ 0 RTPOQo pin 0 : Input mode 0 RwW
T - 1: Output mode
A S 1 | RTPO: pin 0 | RW

When using these pins as pulse

pooTTTT 2 RTPO:2 pin output pins, set the corresponding RW
R 3 | RTPOspin bits t0 0." 0 RW
PooTmmmmmmmmemeees 4 RTP1o pin 0 RW

: e 5 | RTPLipin o | rRwW
R 6 | RTP1pin o | RW
---------------------------- 7 RTP1s pin 0 RW

Note: When setting these bits to “0,” the corresponding pins serve as input port
(floated) regardless of the state of the waveform output select bits (bits 0 and 1
at address 621s).

Fig. 10.2.3 Relationship between port P6 direction register and pulse output pins

After reset, the state of the port P6 pins are floated since these pins are in the input mode. The output
levels of the pulse output pins are undefined until Timer A0 or Al underflows first after the data for the
timer is written. Because the pulse output data registers 0 and 1 are undefined after reset.

When these conditions should be avoided, follow the procedure “Processing of avoiding undefined output
before starting pulse output” in Figures 10.3.1 and 10.3.2.

When reading the port P6 register (address Eis), the output values of the real time output pins can be read
out.

10.2.4 Timers A0 and Al
The data written into the pulse output registers 0 and 1 is output from the pulse output pins every
underflow of Timer AO or Al. Refer to section “8.3 Timer mode” for the setting of Timers A0 and Al.
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10.3 Setting of real-time output

10.3 Setting of real-time output

Figures 10.3.1 to 10.3.3 show an initial setting example for registers relevant to the real-time output. Note
that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 7. INTERRUPTS.”

Processing of avoiding undefined output before starting pulse output (@

b7 b0
‘ | | | | | | | | | Port P6 register (Address Eze) ‘ Note: This processing can be neglected
L if the system is not affected by
RTPOo  Set to initial output level undefined output.
‘ RTPO:1 of real-time output

RTPO: 0:“L" level

RTPOs 1: “H" level

| L RTPL
———— RTPL

‘ RTP12

|
|
LiiiiRTPlaiiiiJ‘

Setting port P6 direction register

b7 bo
| | | | | | | | |PortPGdirectionregister(Addreslem)

L RTPOo Set the bits corresponding to the

RTPO1 selected pulse output pins to “1.”
RTPO:2
RTPO3
RTP1o
RTP1:
RTP12
RTP1s

Setting pulse output mode

b7 bo
| | | | | | | 0| 0| Real-time output control register (Address 621s)

P60—P67 pins functions as the programmable 1/0 port.

Pulse output mode select bit
0 : Pulse mode 0
1: Pulse mode 1

When pulse mode 0 NN NN NN NN NN NN NNNNNNNNNNNNNNNENEEEEEEEEEREnnnnnnnnnnnnnnnnnnns When pulse mode 1

is selected = is selected
Setting output data Setting output data
b7 b0 _ b7 b0
| | | | | | | | | Pulse output data register 0 | | | | | O | O | | | Pulse output data register 0
L (Address 1A16) L (Address 1Aie)
RTPOo RTPOo 0:“L" level
RTPO:1 0L level RTPO:1 1:“H" level
L——— RTPO; O:L'leve
RTPOs 1:°H" level O : It may be either “0” or “1.”
b7 b0
b7 b0 f
Pulse output data register 1 | | | | | | | | | Pulse output data register 1
| | | | | 0 | D| | | (Address 1Cis) (Address 1Cis)
RTPO2
1 . ——— RTPL i~
RTP1. 0 : “L"Ievel RTPL: 1:“H" level
1:“H" level
RTP1s RTP1>
RTP1s

O : It may be either “0” or “1.”

Continue to “Figure 10.3.2”

Fig. 10.3.1 Initial setting example for registers relevant to real-time output (1)
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10.3 Setting of real-time output

From preceding “Figure 10.3.1"

/ Processing of avoiding undefined output before starting pulse output (Note) \

b7 bo .
" [ofoJoJo oo o] o] jimeradmode regier (aress o) |

‘ ‘ ‘ Select of count source f ‘

(b15) (b8)
b7 b0 b7 b0

‘ Timer AO register (Addresses 4716, 4616) ‘
| 0016 | 0016 Timer Al register (Addresses 4916, 4816)

‘ Y Set to “000016” ‘

b7 bO ‘
‘ | I | | | 0 | 0 | 0 | 0 Timer AO interrupt control register (Address 751s)
Timer Al interrupt control register (Address 761s)
‘ Interrupt disabled ‘
L Nointerrupt request ‘
‘ b7 b0

‘ | | I | I | | | |Countstartregister (Address 4016) ‘

LTimer A0 count start bit i
‘ 1: Start counting ‘

Timer Al count start bit

' [0 When Timer A0 or Al underflows, the contents of the pulse output data register 0 or 1 are output from the flip-flop. ‘

b7 b0
‘ | | I | I | | | |Countstartregister(Address401s) ‘

‘ Timer AO count start bit 0 : Stop counting ‘

Timer Al count start bit

- o _ _/

Note: This processing can be neglected if the system is not
affected by undefined output.

/ Setting Timers A0, A1 \

b7 b0
| ‘ | ‘ [0T0T0T0T O] Timer At mode regster (Adrees 57:0

Count source select bits
b7 b6

00:f2
0 1:fie
10:fea
11:fs12
(b15) (b8)
b7 b0 b7 b0
Timer AO register (Addresses 4716, 4616)
0016 | 0016 Timer Al register (Addresses 4916, 4816)
Y Can be set to “000016"-“FFFF16” (n)
b7 b0
| I | | | 0 | | | Timer AO interrupt control register (Address 751e)

Timer Al interrupt control register (Address 7616)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

Continue to “Figure 10.3.3"

Fig. 10.3.2 Initial setting example for registers relevant t o real-time output (2)
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10.3 Setting of real-time output

Continue to “Figure 10.3.2"
When pulse mode 0 - When pulse mode 1
is selected a is selected

-

= a

/Setting real-time output port \ /Setting real-time output port \
b7 b0 b7 b0

| | | | | | 0 I | Real-time output control register | | | | | | 1 | I Real-time output (zoAr:jt(;cr)(lagzgésztleG;

(Address 6216)

Waveform output select bits Waveform output select bits

bl bo bl b0

0 1:RTP0o—-RTPO3 0 1:RTPOo, RTPO1

1 0:RTP10-RTP13 1 0: RTPO2, RTPOs and

1 1:RTP00—RTPOs and RTP10-RTP1s
RTP1o-RTP13 1 1: RTPOo—RTPOs and

RTP1o-RTP1s
Pulse mode 0
L Pulse mode 1

N _ AN )

T

Setting count start bit to “1”
b7 b0

| I | | | | | | |C0untstart register (Address 401e)

L Timer AO count start bit

——— Timer Al count start bit

Pulse output starts after overflow of Timer AO or A1

Fig. 10.3.3 Initial setting example for registers relevant to real-time output (3)
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10.4 Real-time output operation

10.4 Real-time output operation

0 When the timer Ai (i = 0, 1) count start bit is set to “1,” the counter starts counting of the count source.

0 The contents of pulse output data register i are output from the pulse output pins at every underflow of
Timer Ai. The timer is reloaded with the contents of the reload register and continues counting.

O The timer Ai interrupt request bit is set to “1” when the counter underflows in 0. The interrupt request
bit retains “1” until the interrupt request is accepted or it is cleared by software.

0 Write the next output data into the pulse output data register i during the timer Ai interrupt routine or after
the recognition of the timer Ai interrupt request occurrence.

Figure 10.4.1 shows an example of real-time output operation.

Starts counting  Starts pulse outputting

(Hex.)

000316

Counter contents

000016
oL

Contents of bits 3-0 of pulse '
ntents its of puls )X 00112 >< 01102 >< 11002 >< 10012 >< 00112 ><

output data register 0

RTPOs output Undefined 02

I
I
I
l
RTPO2 0UtPUt  Undefined 2 | |
I

RTPO1output — jpdefined 2 '

RTPOo output Undefined 02 :

Ti AO int i 03 | 03 | 03 -]
imer AQ interrup
request bit |_| |_| _| I_|

01 : Written by software

(02 : To avoid undefined output for these terms, follow the procedure “Processing of
avoiding undefined output before starting pulse output” in Figures 10.3.1 and 10.3.2.

03 : Cleared to “0” when interrupt request is accepted or cleared by software.

[13

The above figure shows an example of he following conditions:
*Pulse mode 0 selected

*RTPO0—RTPO3 selected

*Timer AO register set value n = 000316

Fig. 10.4.1 Example of real-time output operation
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[Precautions for clock synchronous

serial 1/0 mode]

11.4 Clock asynchronous serial 1/O
(UART) mode



SERIAL 1/0

11.1 Overview

11.1 Overview

Serial 1/0 consists of 2 channels: UARTO and UART1. They each have a transfer clock generating timer for
the exclusive use of them and can operate independently. UARTO and UART1 have the same functions.
UARTI (i = 0 and 1) has the following 2 operating modes:

(1) Clock synchronous serial I/0O mode
Transmitter and receiver use the same clock as the transfer clock. Transfer data has a length of 8
bits.

(2) Clock asynchronous serial /0O (UART) mode
Transfer rate and transfer data format can arbitrarily be set. The user can select a transfer data

length of 7 bits, 8 bits, or 9 bits.

Figure 11.1.1 shows the transfer data formats in each operating mode.

e Clock synchronous serial /O mode = ——Jransfer data length of 8 bits

¢ UART mode Transfer data length of 7 bits
——— Transfer data length of 8 bits
L Transfer data length of 9 bits

Fig. 11.1.1 Transfer data formats in each operating mode
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11.2 Block description

Figure 11.2.1 shows the block diagram of Serial 1/0. Registers relevant to Serial I/O are described below.

Data bus (odd)

Data bus (even)

|0 | 0 ‘ 0 ‘ 0 | 0 | [o] | 0 |D8|D7‘D6‘D5| D4|D3|D2|D1|D0|

UARTI receive
buffer register

T

RxDi O

| UARTI receive register |

Transfer clock

BRG count source Receive
o SEILC“;“S control circuit
fie —0 g o !
fea —o
fs12 ———0 —0 o] Transmit control
synchronous cireuit

Transfer clock

Clock synchronous
(internal clock seleled)

Clock synchronous
(internal clock selected)

Clock synchronous
(external clock selected)

cLki O 4

cTsi/RTSi O

n: Values set in UARTI baud rate register (BRGi)

| UARTI transmit register |—OTXDi

UARTiI transmit

Ds buffer register

D7|Dé| Ds| D4| D3 | D2 | D1|Do

Data bus (odd)

Data bus (even)

Fig. 11.2.1 Block diagram of Serial 1/0
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11.2 Block description

11.2.1 UARTI transmit/receive mode register

Figure 11.2.2 shows the structure of UARTI transmit/receive mode register. The serial /O mode select bits
are used to select a UARTI's operating mode. Bits 4 to 6 are described in section “11.4.2 Transfer data
format ,” and bit 7 is done in section “11.4.8 Sleep mode.”

b7 b6 b5 b4 b3 b2 bl bO
| I I I | | | | UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 381s)

' Bit Bit name Functions Atreset | RW
ot 0 | Serial 11O mode select bits 600 Serial IO disabled 0 RW
: (P8 functions as a programmable

i 1/0 port.)

, 00 1 : Clock synchronous serial I/O

' mode

"""""" 1 010: Do not select. 0 RW

011:Do not select.
100 : UART mode

(Transfer data length = 7 bits)
101 : UART mode
............ 2 (Transfer data length = 8 bits) 0 RW
110:UART mode

(Transfer data length =9 bits)
111 : Do not select.

e R LR 3 | Internal/External clock select bit | O : Internal clock 0 RW
1: External clock
S 4 Stop bit length select bit 0 : One stop bit 0 RW
. (Valid in UART mode) (Note) 1: Two stop bits
: . 5 | Odd/Even parity select bit 0 : Odd parity 0 RW
' (Valid in UART mode when 1: Even parity
' parity enable bit is “1”) (Note)
' O RREEEEETEEPPEFEPEPRRE 6 | Parity enable bit 0 : Parity disabled 0 RW
' (Valid in UART mode) (Note) 1: Parity enabled
B R EEEEELEEEEE 7 | Sleep select bit 0 : Sleep mode terminated (Invalid) 0 RW
(Valid in UART mode) (Note) 1: Sleep mode selected

Note: Bits 4 to 6 are invalid in the clock synchronous serial /O mode. (They may be either “0”
or “1.”) Additionally, fix bit 7 to “0.”

Fig. 11.2.2 Structure of UARTI transmit/receive mode register
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(1) Internal/External clock select bit (bit 3)
m Clock synchronous serial 1/0 mode

By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3416, 3C16) becomes the count source of
the BRGi (described later). The BRGi's output divided by 2 becomes the transfer clock. Additionally,
the transfer clock is output from the CLKi pin.

By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the transfer clock.

m UART mode
By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3416, 3C16) becomes the count source of
the BRGi (described later). Then, the CLKi pin functions as a programmable /O port.
By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the count source of BRGi.
Always in the UART mode, the BRGi’'s output divided by 16 becomes the transfer clock.

7721 Group User’'s Manual 11-5



SERIAL 1/0

11.2 Block description

11.2.2 UARTI transmit/receive control register 0
Figure 11.2.3 shows the structure of UARTI transmit/receive control register 0. For bits 0 and 1, refer to
section “11.2.1 (1) Internal/External clock select bit (bit 3).”

b7 b6 b5 b4 b3 b2 bl bo

Bit Bit name Functions Atreset| RW

E ' ' : ' boommee 0 BRG count source select bits b1 b0 0 RW

' 1 1 1 1 1 00:f2

o 01:fie

A 1 10:fea 0 RW

E E E : E 11:fs12

E E E E EE TR REEE 2 CTS/RTS select bit 0 : CTS function selected 0 RW

oo 1: RTS function selected

P e 3 | Transmit register empty flag 0 : Data present in transmit register 1 RO

oo (During transmission)

oo 1 : No data present in transmit register

vor o (Transmission completed)
e 7to 4 | Nothing is assigned. Undefined| —

UARTO transmit/receive control register 0O (Address 3416)
UART1 transmit/receive control register 0 (Address 3Cis)

Fig. 11.2.3 Structure of UARTI transmit/receive control register 0

)

(2)

CTSI/RTS select bit (bit 2)

By clearing this bit to “0” in order to select the CTS function, pins P8 and P84 function as CTS input
pins, and the input signal of “L” level to these pins becomes one of the transmission conditions.
By setting this bit to “1” in order to select the RTS function, pins P8¢ and P8: become RTS output
pins. When the receive enable bit (bit 2 at addresses 3516, 3D16) is “0” (reception disabled), the RTS
output pin outputs “H” level.

In the clock synchronous serial I/0 mode, the output level of the RTS pin becomes “L” when reception
conditions are satisfied, and it becomes “H” when reception starts. Note that, when an internal clock
is selected (bit 3 at addresses 3016, 3816 = “0”), the RTS output is undefined. Accordingly, do not
select the RTS function.

In the clock asynchronous serial 1/0 mode, the output level of the RTS pin becomes “L” when the
receive enable bit is set to “1.” It becomes “H” when reception starts and it becomes “L” when
reception is completed.

Transmit register empty flag (bit 3)

This flag is cleared to “0” when the UARTI transmit buffer register’'s contents are transferred to the
UARTI transmit register. When transmission is completed and the UARTI transmit register becomes
empty, this flag is set to “1.”

11-6
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11.2 Block description

11.2.3 UARTI transmit/receive control register 1
Figure 11.2.4 shows the structure of UARTI transmit/receive control register 1. For bits 4 to 7, refer to
section “11.3.6 Processing on detecting overrun error” and “11.4.7 Processing on detecting error.”

b7 b6 b5 b4 b3 b2 bl

bo
| UARTO transmit/receive control register 1 (Address 3516)
UARTL1 transmit/receive control register 1 (Address 3Dzs)

Bit Bit name Functions Atreset | RW
R R 0 Transmit enable bit 0 : Transmission disabled 0 RW
1 : Transmission enabled
--------- 1 Transmit buffer empty flag 0 : Data present in transmit buffer 1 RO
register

1: No data present in transmit
buffer register

S — 2 Receive enable bit 0 : Reception disabled 0 RW
1 : Reception enabled

--------------- 3 Receive complete flag 0: No data present in receive 0 RO
buffer register
1 : Data present in receive buffer

register
LT 4 Overrun error flag (Note 1) | 0 : No overrun error 0 RO
' 1 : Overrun error detected
LR EEEEEE RS 5 | Framing error flag (Notes 1, 2) [ 0: No framing error 0 RO
' (Valid in UART mode) 1 : Framing error detected
ettt 6 Parity error flag (Notes 1, 2) | 0 : No parity error 0 RO
E (Valid in UART mode) 1 : Parity error detected
e ey 7 Error sum ﬂag (NOtES 1, 2) 0 : No error 0 RO
1: Error detected

(Valid in UART mode)

Notes 1: Bit 4 is cleared to “0” when the receive enable bit is cleared to “0” or when the serial
1/0 mode select bits (bits 2 to 0 at addresses 3016, 3816) are cleared to “0002.”
Bits 5 and 6 are cleared to “0” when one of the following is performed:
Clearing the receive enable bit to “0”
*Reading the low-order byte of the UARTI receive buffer register (addresses 3616, 3Ez1s)
out
«Clearing the serial I/O mode select bits (bits 2 to 0 at addresses 3015, 3816) to “0002”
Bit 7 is cleared to “0” when all of bits 4 to 6 become “0.”
2: Bits 5 to 7 are invalid in the clock synchronous serial I/O mode.

Fig. 11.2.4 Structure of UARTI transmit/receive control register 1
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(1)

(2)

(3

4)

Transmit enable bit (bit 0)
By setting this bit to “1,” UARTI enters the transmission enable state. By clearing this bit to “0” during
transmission, UARTI enters the transmission disable state after the transmission which is in progress
at that time is completed.

Transmit buffer empty flag (bit 1)

This flag is set to “1” when data set in the UARTI transmit buffer register is transferred from the
UARTI transmit buffer register to the UARTI transmit register. This flag is cleared to “0” when data
is set in the UARTI transmit buffer register.

Receive enable bit (bit 2)
By setting this bit to “1,” UARTI enters the reception enable state. By clearing this bit to “0” during
reception, UARTI quits the reception immediately and enters the reception disable state.

Receive complete flag (bit 3)

This flag is set to “1” when data is ready in the UARTI receive register and that is transferred to the
UARTI receive buffer register (i.e., when reception is completed). This flag is cleared to “0” when one
of the following is performed:

*Reading the low-order byte of the UARTI receive buffer register out

«Clearing the receive enable bit (bit 2) to “0”

«Clearing the serial 1/0 mode select bits (bits 2 to 0 at addresses 3015, 3815) to “0002.”

11-8
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11.2.4 UARTI transmit register and UARTI transmit buffer register
Figure 11.2.5 shows the block diagram for the transmitter; Figure 11.2.6 shows the structure of UARTI
transmit buffer register.

Data bus (odd)

Data bus (even)

| Ds | | D7 De Ds Da Dsi D2 Dli Do g{;g',gggfgpn

SP : Stop bit

PAR : Parity bit
8-bit UART
9-bit UART
Clock sync.

9-bit UART

Parity
2sp enabled UART
) Q

TxDi

o)
Parity

1SP < Clock . b .
disapled | “0CK SYE ;_E:; Hﬁﬂ T-bit UART UARTI transmit register
Clock sync.
.
Fig. 11.2.5 Block diagram for transmitter
(b15) (b8)
b7 b0 b7 b0
— | UARTO transmit buffer register (Addresses 3316, 3216)
: : UART1 transmit buffer register (Addresses 3B1s, 3A16)
Bit Functions Atreset [ RW
E R R 8 to 0 | Transmit data is set. Undefined| WO
R 15 to 9| Nothing is assigned. Undefined| —

Note: Use the LDM or STA instruction for writing to this register.

Fig. 11.2.6 Structure of UARTI transmit buffer register
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Transmit data is set into the UARTI transmit buffer register. Set the transmit data into the low-order byte
of this register when the microcomputer operates in the clock synchronous serial I/O mode or when a 7-
bit or 8-bit length of transfer data is selected in the UART mode. When a 9-bit length of transfer data is
selected in the UART mode, set the transmit data into the UARTI transmit buffer register as follows:
*Bit 8 of the transmit data into bit O of high-order byte of this register.

*Bits 7 to 0 of the transmit data into the low-order byte of this register.

The transmit data which is set in the UARTI transmit buffer register is transferred to the UARTI transmit
register when the transmission conditions are satisfied, and then it is output from the TxDi pin synchronously
with the transfer clock. The UARTI transmit buffer register becomes empty when the data which is set in
the UARTI transmit buffer register is transferred to the UARTI transmit register. Accordingly, the user can
set the next transmit data.

When quitting the transmission which is in progress and setting the UARTI transmit buffer register again,
follow the procedure described bellow:

O Clear the serial I/0 mode select bits (bits 2 to 0 at addresses 3016, 3816) to “0002” (Serial I/O disabled).

O Set the serial /0 mode select bits again.

0 Set the transmit enable bit (bit 0 at addresses 3515, 3D1s) to “1” (transmission enabled) and set transmit
data in the UARTI transmit buffer register.
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11.2 Block description

11.2.5 UARTI receive register and UARTI receive buffer register
Figure 11.2.7 shows the block diagram for the receiver; Figure 11.2.8 shows the structure of UARTI receive
buffer register.

Data bus (odd)

{?

Data bus (even)

[oJofJololoJofofobs] [br]pefos|DefDs]rz]n]oo] e

SP : Stop bit 8-bit UART
PAR : Parity bit parity 9-bit UART
25p enabled UART 9-bit UART Clock sync.

RxDi O——¢{sp| o 2o

Parity
FSP disaed | Clock sync.

7-bit UART
8-bit UART
Clock sync.

T-bit UART UARTI receive register

Fig. 11.2.7 Block diagram for receiver

(b15) (b8)
b7 b0 b7 b0
— | UARTO receive buffer register (Addresses 3716, 3616)
. . UART1 receive buffer register (Addresses 3Fis, 3E1s)
E I l Bit Functions Atreset| RW
E b e e e 8to 0 | Receive data is read out from here. Undefined| RO
E_ _______________________________________ 15 to 9| Nothing is assigned. 0 —
The value is “0” at reading.

Fig. 11.2.8 Structure of UARTI receive buffer register
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11.2 Block description

The UARTI receive register is used to convert serial data which is input to the RxDi pin into parallel data.
This register takes in the signal input to the RxDi pin in a unit of 1 bit synchronously with the transfer clock.
The UARTI receive buffer register is used to read out receive data. When reception is completed, the
receive data which is taken in the UARTI receive register is automatically transferred to the UARTI receive
buffer register. Note that the contents of the UARTI receive buffer register is updated when the next data
is ready in the UARTI receive register before the data which has been transferred to the UARTI receive
buffer register is read out. (i.e., an overrun error occurs.)

The UARTI receive buffer register is initialized by setting the receive enable bit (bit 2 at addresses 355,
3D1s) to “1” after clearing it to “0.”

Figure 11.2.9 shows the contents of the UARTI receive buffer register when reception is completed.

High-order byte Low-order byte
(addresses 371s, 3F16) , (addresses 3616, 3E16)
b7 b0 + b7 b0

In UART mode

(Transfer data length : 9 bits) | 0 I 0 I 0 | 0 | 0 | 0 | 0 | |

Receive data (9 bits)

In clock synchronous

serial I/O mode | I | | | | | | |

In UART mode 0|0[0]0fOfO]O

(Transfer data length : 8 bits) Same value as bit
7 in low-order byte

Receive data (8 bits)

In UART mode
(Transfer data length : 7 bits) | 0 I 0 I 0 | 0 | 0 | 0 | 0 I | |

Same value as bit ] ]
6 in low-order byte Receive data (7 bits)

Fig. 11.2.9 Contents of UARTI receive buffer register when reception is completed
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11.2 Block description

11.2.6 UARTI baud rate register (BRGi)

The UARTI baud rate register (BRGi) is an 8-bit timer exclusively used for UARTi to generate a transfer
clock. It has a reload register. Assuming that the value set in the BRGi is “n” (n = “0016" to “FF1s"), the BRGi
divides the count source frequency by (n + 1).

In the clock synchronous serial 1/0 mode, the BRGi is valid when an internal clock is selected, and the
BRGi's output divided by 2 becomes the transfer clock. In the UART mode, the BRGi is always valid, and
the BRGi’'s output divided by 16 becomes the transfer clock.

The data which is written to the UARTI baud rate register (BRGi) is written to both the timer and the reload
register whether transmission/reception is in progress or not. Accordingly, writing to these register must be
performed while transmission/reception is stopped.

Figure 11.2.10 shows the structure of the UARTI baud rate register (BRGi); Figure 11.2.11 shows the block
diagram of transfer clock generating section.

b7 b0

UARTO baud rate register (Address 311s)
UART1 baud rate register (Address 391s)

Bit Functions Atreset| RW

----------- 710 0 | Can be set to “0016” to “FFie.” Undefined| WO
Assuming that the set value = n, BRGi
divides the count source frequency by (n + 1).

Note: Writing to this register must be performed while the transmission/reception halts.
Use the LDM or STA instruction for writing to this register.

Fig. 11.2.10 Structure of UARTI baud rate register (BRGi)

<Clock synchronous serial I/O mode>

fi BRGi 12—0 . — . ,
\o Transfer clock for transmit operation
(O | Receive control circuit |————= Transfer clock for receive operation

fext

<UART mode>

Transmit control circuit

1/16|—| Receive control circuit |—> Transfer clock for receive operation

Transfer clock for transmit operation

fi : Clock selected by BRG count source select bits (f2, fis, fes, or fs12)
fext : Clock input to CLKi pin (external clock)

Fig. 11.2.11 Block diagram of transfer clock generating section
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11.2 Block description

11.2.7 UARTI transmit interrupt control and UARTI receive interrupt control registers
When using UARTI, 2 types of interrupts, which are UARTI transmit and UARTI receive interrupts, can be

used.

Each interrupt has its corresponding interrupt control register. Figure 11.2.12 shows the structure of

UARTI transmit interrupt control and UARTI receive interrupt control registers.
For details about interrupts, refer to “CHAPTER 7. INTERRUPTS.”

b7

Bit Bit name Functions Atreset | RW
R Int t priority level select bits | b2b1b0 _
oo 0 | Interrupt priority level select bits | '5'5 0. Level 0 (interrupt disabled) 0 | RW
T 001:Levell Low level
N 010:Level 2
et 1 011:Level3 0 RW
Vo 100: Level 4
N 101:Level5
Vo 110:Level 6
Voo oy TTTTTmmmeT 2 111:Level7 High level 0 RW
TP 3 | Interrupt request bit 0 : No interrupt requested 0 RW
. 1: Interrupt requested

B LR 7 to 4 | Nothing is assigned. Undefined| —

b6 bS5 b4 b3 b2 bl bO UARTO transmit interrupt control register (Address 711s)
UARTO receive interrupt control register (Address 7216)
UARTL1 transmit interrupt control register (Address 7316)
UARTL receive interrupt control register (Address 741s)

Fig. 11.2.12 Structure of UARTI transmit interrupt control and UARTI receive interrupt control registers

(1)

(2)

Interrupt priority level select bits (bits 0 to 2)

These bits select a priority level of the UARTI transmit interrupt or UARTI receive interrupt. When
using UARTI transmit/receive interrupts, select one of the priority levels (1 to 7). When a UARTiI
transmit/receive interrupt request occurs, its priority level is compared with the processor interrupt
priority level (IPL). The requested interrupt is enabled only when its priority level is higher than the
IPL. (However, this applies when the interrupt disable flag (I) = “0.”) To disable UARTI
transmit/receive interrupts, set these bits to “0002" (level 0).

Interrupt request bit (bit 3)

The UARTI transmit interrupt request bit is set to “1” when data is transferred from the UARTI
transmit buffer register to the UARTI transmit register. The UARTI receive interrupt request bit is set
to “1” when data is transferred from the UARTI receive register to the UARTI receive buffer register.
(However, when an overrun error occurs, it does not change.)

Each interrupt request bit is automatically cleared to “0” when its corresponding interrupt request is
accepted. This bit can be set to “1” or “0” by software.

11-14
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11.2 Block description

11.2.8 Port P8 direction register

I/0 pins of UARTI are multiplexed with port P8. When using pins P82 and P8s as serial data input pins
(RxDi), set the corresponding bits of the port P8 direction register to “0” to set these pins for the input
mode. When using pins P8o, P81, P8s to P8s and P87 as I/O pins (CTS/RTSi, CLKi, TxDi) of UARTI, these
pins are forcibly set as I/O pins of UARTI regardless of the port P8 direction register’s contents. Figure
11.2.13 shows the relationship between the port P8 direction register and UARTI’'s I/O pins. For details,
refer to the description of each operating mode.

b7 b6 b5 b4 b3 b2 bl bo

Port P8 direction register (Address 1416)

Bit Corresponding pin Functions Atreset| RW
E E E i E i b 0 CTSo/RTSo pin 0 : Input mode 0 RW
A 1 : Output mode

o . o T 1 CLKo pin 0 RW
A ) - When using pins P82 and P8s as

A RxDo pin serial data input pins (RxDo, RxD1), RW
I set the corresponding bits to “0.”

AR L L L LR LR 3 | TxDopin ponding o | Rw
e hRRCCTLEEEEEE 4 | CTSYRTS: pin 0 | RW
A 5 | CLKipin 0 | Rw
F 6 RxD1 pin 0 RW
R R LR EE PP PEEEPEEREY 7 TxD1 pin 0 RW

Fig. 11.2.13 Relationship between port P8 direction register and UARTi's 1/O pins
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11.3 Clock synchronous serial I/0 mode

11.3 Clock synchronous serial I/O mode

Table 11.3.1 lists the performance overview in the clock synchronous serial /0O mode, and Table 11.3.2 lists
the functions of 1/O pins in this mode.

Table 11.3.1 Performance overview in clock synchronous serial /O mode

Iltem Functions
Transfer data format Transfer data has a length of 8 bits.
LSB first
Transfer rate | When selecting internal clock | BRGi’s output divided by 2
When selecting external clock | Maximum 5 Mbps
Transmit/Receive control CTS function or RTS function can be selected by software.

Table 11.3.2 Functions of 1/0 pins in clock synchronous serial /O mode

Pin name Functions Method of selection
TxDi (P83, P87) Serial data output
(Note) (Dummy data is output when performing only reception.)
RxDi (P82, P8s) Serial data input Port P8 direction register™’'s corresponding bit = “0”

(Can be used as an I/O port when performing only transmission.)
CLKi (P81, P8s) [Transfer clock output | Internal/External clock select bit®2 = “0”

Transfer clock input Internal/External clock select bit = “1”
CTS/RTS CTS input CTS/RTS select bit™ = “0"
(P80, P8:) RTS output CTS/RTS select bit = “1”

Port P8 direction register™: address 141s
Internal/External clock select bit™: bit 3 at addresses 3016, 3816
CTS/RTS select bit™3: bit 2 at addresses 3416, 3Cis

Note: The TxDi pin outputs “H” level until transmission starts after UARTIi’'s operating mode is selected.

11-16 7721 Group User’'s Manual



SERIAL 1/0

11.3 Clock synchronous serial I/0 mode

11.3.1 Transfer clock (Synchronizing clock)

Data transfer is performed synchronously with the transfer clock. For the transfer clock, the user can select
whether to generate the transfer clock internally or to input it from the external.

The transfer clock is generated by operation of the transmit control circuit. Accordingly, even when performing
only reception, set the transmit enable bit to “1,” and set dummy data in the UARTI transmit buffer register
in order to make the transmit control circuit active.

1)

(2)

Internal generation of transfer clock

The count source selected with the BRG count source select bits is divided by the BRGi, and the
BRGi output is further divided by 2. This is the transfer clock. The transfer clock is output from the
CLKi pin.

[Setting for relevant registers]

*Select an internal clock (bit 3 at addresses 3015, 3816 = “07).

*Select the BRGi’s count source (bits 0 and 1 at addresses 3415, 3Cis)

*Set “division value — 1" (= n; 0016 to FFi6) to the BRGi (addresses 3116, 3916).

fi

Transfer clock’s frequency = —————
g y 2 (n+1) fi: Frequency of BRGi's count source (fz, fie, fes, fs12)

*Enable transmission (bit 0 at addresses 3516, 3D1s = “1").
*Set data to the UARTI transmit buffer register (addresses 3216, 3Aus)

[Pin’s state]
A transfer clock is output from the CLKi pin.
*Serial data is output from the TxDi pin. (Dummy data is output when performing only reception.)

Input of transfer clock from the external
A clock input from the CLKi pin is the transfer clock.

[Setting for relevant registers]

*Select an external clock (bit 3 at addresses 3016, 3816 = “1").
*Enable transmission (bit 0 at addresses 351, 3D1s = “17).

*Set data to the UARTI transmit buffer register (addresses 3216, 3Aus).

[Pin’s state]
A transfer clock is input from the CLKi pin.
*Serial data is output from the TxDi pin. (Dummy data is output when performing only reception.)
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11.3 Clock synchronous serial 1/0 mode

11.3.2 Method of transmission

Figure 11.3.1 shows an initial setting example for relevant registers when transmitting. Transmission is
started when all of the following conditions (O to 0O) are satisfied. When an external clock is selected,
satisfy conditions O to O with the following precondition satisfied.

<Precondition>
The CLKi pin’s input is at “H” level
Note: When an internal clock is selected, the above precondition is ignored.

O Transmission is enabled (transmit enable bit = “1").
O Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0")
O The CTSi pin’s input is at “L” level (when the CTS function selected).

Note: When the CTS function is not selected, condition O is ignored.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.3.5 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 7. INTERRUPTS.”

Figure 11.3.2 shows writing data after start of transmission, and Figure 11.3.3 shows detection of transmit
completion.
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11.3 Clock synchronous serial I/0 mode

/ UARTO transmit/receive mode register (Address 3016) \
UART1 transmit/receive mode register (Address 3816)

b7 b0
|0|D|D|D| |O|O|1| SEEEEEEE NN NN NN NN ER RN

UARTO transmit buffer register (Address 3216)
UART1 transmit buffer register (Address 3A16)
b7 bo

|
.

Clock synchronous serial I/O mode

Internal/External clock select bit
0: Internal clock
1: External clock

\ 0: It may be “0" or *1.”

o

Transmit data is set.

/

/UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register O (Address 3Cz6)

UARTO transmit/receive control register 1 (Address 3516)

b7 bo UART1 transmit/receive control register 1 (Address 3D16)
b7 b0
LIT LT[ T4
BRG count source select bits
b(1) lE)O: f2 Transmit enable bit
01:fie 1: Transmission enabled
10:fes
11:fs12

CTS / RTS select bit
0: CTs function selected
1: RTS function selected (CTS function disabled)

-

Transmission starts.

(In the case of selecting the CTSs function, transmission starts
when the CTSi pin’s input level is “L.”)

~

~

UARTO baud rate register (BRGO0) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)
b7 b0

| |
r

0 Necessary only when internal clock is
selected.

Can be set to “0016” to “FF16.”

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)
b7 b0

E Interrupt priority level select bits

When using interrupts, set these bits to one of
levels 1 to 7. When disabling interrupts, set
these bits to level 0.

Fig. 11.3.1 Initial setting example for relevant registers when transmitting
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11.3 Clock synchronous serial 1/0 mode

[When not using interrupts] [When using interrupts]
A UARTI transmit interrupt request occurs
when the UARTI transmit buffer register
becomes empty.

c N

UARTO transmit/receive control register 1 (Address 3516)

hecking state of UARTI transmit buffer register

UART1 transmit/receive control register 1 (Address 3D16) UARTI transmit interrupt
b7 b0
LIT T [a]

L

Transmit buffer empty flag

0: Data present in transmit buffer register

1: No data present in transmit buffer register
(Writing of next transmit data is possible.)

= * Note : This figure shows the bits and registers required
Writing of next transmit data for processing.
) ) Refer to “Figures 11.3.5 and 11.3.6” for the
UARTO transmit buffer register (Address 3216) change of flag state and the occurrence timing of
UARTL1 transmit buffer register (Address 3A16)

an interrupt request.
b7 b0

T—Set transmit data here.

Fig. 11.3.2 Writing data after start of transmission

[When using interrupts]

A UARTI transmit interrupt request
+ occurs when the transmission starts.

[When not using interrupts]

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316) UARTI transmit interrupt

b7 b0

G 11

Interrupt request bit
0: No interrupt requested
1: Interrupt requested
(Transmission has started.)

/

/

Note : This figure shows the bits and registers required

Checking completion of transmission :
for processing.

UARTO transmit/receive control register 0 (Address 3416) Refer to “Figures 11.3.5 and 11.3.6” for the
UART1 transmit/receive control register 0 (Address 3C16) change of flag state and the occurrence timing of an
b7 b0 interrupt request.

S Sas

Transmit register empty flag
0: During transmitting
1: Transmitting completed

< Processing at completion of transmission >

Fig. 11.3.3 Detection of transmit completion
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11.3 Clock synchronous serial I/0 mode

11.3.3 Transmit operation

When the transmit conditions described in section “11.3.2 Method of transmission”  are satisfied in the
case of selecting an internal clock, a transfer clock is generated and the following operations are automatically
performed after 1 cycle of the transfer clock has passed. When the transmit conditions are satisfied and
the external clock is input to the CLKi pin in the case of selecting an external clock, the following operations
are automatically performed.

*The UARTI transmit buffer register’s contents are transferred to the UARTI transmit register.
*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

8 transfer clocks are generated (when an internal clock is selected).

A UARTI transmit interrupt request occurs, and the interrupt request bit is set to “1.”

The transmit operations are described below:

0 Data in the UARTI transmit register is transmitted from the TxDi pin synchronously with the falling edge
of the transfer clock.

O This data is transmitted bit by bit sequentially beginning with the least significant bit.

0 When 1-byte data has been transmitted, the transmit register empty flag is set to “1.” This indicates the
completion of transmission.

Figure 11.3.4 shows the transmit operation.

When an internal clock is selected, when the transmit conditions for the next data are satisfied at completion
of the transmission, the transfer clock is generated continuously. Accordingly, when performing transmission
continuously, set the next transmit data to the UARTI transmit buffer register during transmission (when the
transmit register empty flag = “0”). When the transmit conditions for the next data are not satisfied, the
transfer clock stops at “H” level.

Figures 11.3.5 and 11.3.6 show examples of transmit timing.

b7 bo

UARTI transmit buffer register | Transmit data |
2

MSB LSB

UARTI transmit register| D7| D6| D5| D4| D3| D2| D1| Do|

Transfer clock

| |D7|D6|D5|D4|D3|D2|D1|—>Do

il
W | | |D7|D6|D5|D4|D3|D2|—>D1
Raparal o

Ds | Ds | Da| D3| > D2

| T =0

SRARARERER RN L1 ] ]

Fig. 11.3.4 Transmit operation

7721 Group User's Manual 11-21



SERIAL 1/0

11.3 Clock synchronous serial 1/0 mode

Tc
4|_|«
Transfer clock | || || || ||| ||| ||| ||| ||| ||| ||| |||

Transmit enable bit J Data is set in UARTI transmit buffer register. | |
Transmit buffer
empty flag —— 4>\

UARTI transmit register <~UARTI transmit buffer register.
CTsi 5 | ToLk Xl |
CLKi

1 1 i
o @@@@@@@@@@@@@@@@@@@@@ o

Transmit register | | | |
empty flag

UARTI transmit | | | |
interrupt request bit

Cleared to “0” when interrupt request is accepted or cleared by software.

L

Stopped because transmit enable bit = “0.”

The above timing diagram applies when
the following conditions are satisfied: Tenpi: Next transmit conditions are examined when this signal level is “H.”
e Internal clock selected (Tenpi is an internal signal. Accordingly, it cannot be read from the external.)
e CTS function selected
Tc = Tewk = 2(n+1) ffi
fi: BRGi count source frequency (f2, fis, fe4, f512)
n: Value set in BRGi

Fig. 11.3.5 Example of transmit timing (when selecting internal clock, selecting CTS function)

Tc

Transfer clock | ||| ||| ||| | || ||| ||| | ||| ||| ||| |||

Transmit enable bit J

Data is set in UARTI transmit buffer register. | |

Transmit buffer
empty flag

UARTI transmit register «UARTI transmit buffer register.

TcLK
Stopped because transmit enable bit = “0.”

CLKi

— . ___ iR

SN 00 00 ¢ 00000020 00 Gl e 20 0a

Transmit register |_| | |
empty flag

UARTI transmit T
interrupt request bit

Cleared to “0” when interrupt request is accepted or cleared by software.

The above timing diagram applies

when the following conditions are Tenpi: Next transmit conditions are examined when this signal level is “H.”
satisfied: (Tenpi is an internal signal. Accordingly, it cannot be read from the external.)
e Internal clock selected

e CTS function not selected Tc = Tewk = 2(n+1) ffi

fi: BRGI count source frequency (f2, fie, fe4, f512)
n: Value set in BRGi

Fig. 11.3.6 Example of transmit timing (when selecting internal clock, not selecting CTS function)
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11.3 Clock synchronous serial I/0 mode

11.3.4 Method of reception

Figures 11.3.7 and 11.3.8 show initial setting examples for relevant registers when receiving. Reception is
started when all of the following conditions (O to ) are satisfied. When an external clock is selected,
satisfy conditions O to O with the following precondition satisfied.

<Precondition>
The CLKi pin’s input is at “H” level.
Note: When an internal clock is selected, the above precondition is ignored.

O Reception is enabled (receive enable bit = “1").
O Transmission is enabled (transmit enable bit = “1").
O Dummy data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0")

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.3.5 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 7. INTERRUPTS.”

Figure 11.3.9 shows processing after receive completion.
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11.3 Clock synchronous serial I/0 mode

/ UARTO transmit/receive mode register (Address 3016) \

UART1 transmit/receive mode register (Address 3816)
b7 b0

lolofofo] Jofo]1]

Clock synchronous serial I/O mode

Internal/External clock select bit
0: Internal clock
1: External clock

\ 0: It may be “0” or “1.” /

/ UARTO transmit/receive control register O (Address 3416) \
UART1 transmit/receive control register 0 (Address 3Cas)
b7 b0

_I%

BRG count source select bits
b1 bo

00:f2
01:fie
10:feas
11:fs12

L———— CTS/RTS select bit
0: CTs function selected
1: RTS function selected

UARTO baud rate register (BRGO) (Address 3116)

UART1 baud rate register (BRG1) (Address 3916)
b7 b0

; Can be set to 0016 to FF16.

O Necessary only when an internal clock is selected.

Continued to Figure 11.3.8 on next page.

Fig. 11.3.7 Initial setting example for relevant registers when receiving (1)
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11.3 Clock synchronous serial I/0 mode

From preceding Figure 11.3.7

Port P8 direction register (Address 1416)

b7

b0

of [ | o] []
L

RxDo pin
RxD1 pin

-

b7

-

UARTO receive interrupt control register (Address 7216)
UART1 receive interrupt control register (Address 7416)

Elnterrupt priority level select bits

b0

When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

-

UARTO transmit buffer register (Address 3216) \
UART1 transmit buffer register (Address 3A16)

b7 b0

| I

Set dummy data here.

UARTO transmit/receive control register 1 (Address 3516) \
UART1 transmit/receive control register 1 (Address 3Dz16)

b7 b0

LL LT T faf [a]

Transmit enable bit
1 : Transmission enabled

L Receive enable bit
1 : Reception enabled

/

Note: Set the receive enable bit and the transmit enable bit
to “1” simultaneously.

Reception starts.

Fig. 11.3.8 Initial setting example for relevant registers when receiving (2)
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11.3 Clock synchronous serial 1/0 mode

[When not using interrupts] [When using interrupts]

A UARTI receive interrupt request occurs
when reception is completed.

~

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)

UARTL1 transmit/receive control register 1 (Address 3Dz16) UARTI receive interrupt

b7 b0

LI LT Jaf Ja)
—

Receive complete flag
0: Reception not completed
1: Reception completed /

Y

-

-

Reading of receive data

UARTO receive buffer register (Address 3616)
UART1 receive buffer register (Address 3Ez16)

b7 b0

| |
S

-

Receive data is read out from here/

~

Checking error

UARTO transmit/receive control register 1 (Address 3516)
UARTL1 transmit/receive control register 1 (Address 3D16)

b7 b0

LTI Jaf Jaf
I

Overrun error flag
0: No overrun error o . . .
\ 1: Overrun error detected/ Note : This figure shows the bits and registers required

for processing.

Refer to “Figure 11.3.12” for the change of flag

state and the occurrence timing of an interrupt
> request.

< Processing after reading out receive data

Fig. 11.3.9 Processing after receive completion
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11.3 Clock synchronous serial 1/0 mode

11.3.5 Receive operation

In the case of selecting an internal clock, when the receive conditions described in section “11.3.4 Method
of reception” are satisfied, a transfer clock is generated and the reception is started after 1 cycle of the
transfer clock has passed.

In the case of selecting an external clock, when the receive conditions are satisfied, the UARTI enters the
receive enable state and reception is started by input of an external clock to the CLKi pin.

In the case of selecting an external clock and the RTS function, when the UARTI enters the receive enable
state, the RTSi pin’s output level becomes “L” to inform the transmitter side that reception is enabled. When
reception is started, the RTSi pin’s output level becomes “H.” Accordingly, by connecting the RTSi pin to
the CTSi pin of the transmitter side, the timing of transmission and that of reception can be matched. When
an internal clock is selected, do not use the RTS function. It is because the RTS output becomes undefined.
Figure 11.3.10 shows a connection example.

The receive operations are described below:

O The input signal of the RxDi pin is taken into the most significant bit of the UARTI receive register
synchronously with the rising edge of the transfer clock.

O The contents of the UARTI receive register are shifted by 1 bit to the right.

O Steps O and O are repeated at each rising edge of the transfer clock.

O When 1-byte data is prepared in the UARTI receive register, the contents of this register are transferred
to the UARTI receive buffer register.

0 Simultaneously with step [, the receive complete flag is set to “1,” and a UARTi receive interrupt request
occurs and its interrupt request bit is set to “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
is read out. The RTS:i pin outputs “H” level until the receive conditions are next satisfied (when selecting
the RTS function). Figure 11.3.11 shows the receive operation, and Figure 11.3.12 shows an example of
receive timing (when selecting an external clock).

Transmitter side Receiver side
TxDi T TxDi
RxDi |- B RXxDi
CLKi % | CLKi
CTSi|= % RTSi

Fig. 11.3.10 Connection example

7721 Group User's Manual 11-27



SERIAL 1/0

11.3 Clock synchronous serial I/0 mode

Transfer clock

s
s
s

MSB LSB

UARTI receive register

— [0 [

j: j: ‘ j: j: j: j: — |D7 De| Ds| Da| D3| D2| D1 D0|

UARTI receive buffer register

Receive data

Fig. 11.3.11 Receive operation

Receive enable bit

Transmit enable bit

Transmit buffer
empty flag

L
d

Dummy data is set to UARTI transmit buffer register.

N

UARTI transmit register” — UARTI transmit buffer register

RTSi | |

CLKi

Receive complete flag

Received data taken in

ReD EXXXoXoXoNEXe XX XoXoXoX)

UARTi receive register — UARTIi receive buffer register ~ UARTI receive buffer register is read out.

UARTI receive
interrupt request bit

L

The above timing diagram applies when the following
setting conditions are satisfied:

e External clock selected

e RTS function selected

fext: Frequency of external clock

i

Cleared to “0” when interrupt request is accepted or
cleared by software.
: When the CLKi pin’s input level is “H,” satisfy the

following conditions:

e Transmit enable bit - “1”

e Receive enable bit - “1”

o Writing of dummy data to UARTI transmit

buffer register

Fig. 11.3.12 Example of receive timing (when selecting external clock)
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11.3.6 Processing on detecting overrun error

In the clock synchronous serial /O mode, an overrun error can be detected.

An overrun error occurs when the next data is prepared in the UARTI receive register with the receive
complete flag = “1” (data is present in the UARTI receive buffer register) and next data is transferred to
the UARTI receive buffer register, in other words, when the next data is prepared before reading out the
contents of the UARTI receive buffer register. When an overrun error occurs, the next receive data is
written into the UARTI receive buffer register, and the UARTI receive interrupt request bit is not changed.
An overrun error is detected when data is transferred from the UARTI receive register to the UARTI receive
buffer register and the overrun error flag is set to “1.” The overrun error flag is cleared to “0” by clearing
the serial 1/0 mode select bits to “0002" or clearing the receive enable bit to “0.”

When an overrun error occurs during reception, initialize the overrun error flag and the UARTI receive
buffer register before performing reception again. When it is necessary to perform retransmission owing to
an overrun error which occurs in the receiver side, set the UARTI transmit buffer register again before
starting transmission again.

The method of initializing the UARTI receive buffer register and that of setting the UARTI transmit buffer
register again are described below.

(1) Method of initializing UARTI receive buffer register
O Clear the receive enable bit to “0” (Reception disabled).
O Set the receive enable bit to “1” again (Reception enabled).

(2) Method of setting UARTI transmit buffer register again
O Clear the serial /0 mode select bits to “0002” (Serial 1/0O invalid).
O Set the serial /0O mode select bits to “0012" again.
0 Set the transmit enable bit to “1” (Transmission enabled), and set the transmit data to the UARTI
transmit buffer register.
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[Precautions for clock synchronous serial 1/0 mode]

1. The transfer clock is generated by operation of the transmit control circuit. Accordingly, even when
performing only reception, transmit operation (setting for transmission) must be performed. In this case,
dummy data is output from the TxDi pin.

2. When receiving, simultaneously set the receive enable bit and the transmit enable bit to “1.”

3. When receiving data, write dummy data to the low-order byte of the UARTI transmit buffer register for
each reception of 1-byte data.

4. When selecting an external clock, satisfy the following 3 conditions with the input to the CLKi pin = “H”
level.

<When transmitting>
0 Set the transmit enable bit to “1.”
O Write transmit data to the UARTI transmit buffer register.
O Input “L” level to the CTSipin (when selecting the CTS function).

<When receiving>
O Set the receive enable bit to “1.”
0 Set the transmit enable bit to “1.”
O Write dummy data to the UARTI transmit buffer register.
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11.4 Clock asynchronous serial I/0 (UART) mode

Table 11.4.1 lists the performance overview in the UART mode, and Table 11.4.2 lists the functions of
I/O pins in this mode.

Table 11.4.1 Performance overview in UART mode

Item Functions
Transfer data Start bit 1 bit
format Character bit (Transfer data) | 7 bits, 8 bits, or 9 bits
Parity bit 0 bit or 1 bit (Odd or even can be selected.)
Stop bit 1 bit or 2 bits
Transfer rate When selecting internal clock BRGi’'s output divided by 16
When selecting external clock Maximum 312.5 kbps

Error detection 4 types (Overrun, Framing, Parity, and Summing)
Presence of error can be detected only by checking error sum flag.

Table 11.4.2 Functions of I/O pins in UART mode
Pin name Functions Method of selection
TxDi (P83, P87) (Note 1) | Serial data output

(Cannot be used as a programmable 1/O port even when
performing only reception.)

RxDi (P82, P8s) Serial data input Port P8 direction register™™’s corresponding bit = “0”
(Can be used as a programmable I/O port when performing
only transmission.)

CLKi (P81, P8s) Programmable 1/O port |Internal/External clock select bit™ = “0”
BRGi's count source input [Internal/External clock select bit = “1”

CTSI/RTSi (P80, P84) CTS input CTS/RTS function select bit®® = “0”

(Note 2) RTS output CTS/RTS function select bit = “1”

Port P8 direction register™: address 141
Internal/External clock select bit™: bit 3 at addresses 3016, 3816
CTS/RTS select bit™: bit 2 at addresses 3416, 3C1s

Notes 1: The TxDi pin outputs “H” level while transmission is not performed after selecting UARTI's operating
mode.
2: The CTS/RTS:i pin can be used as an input port when performing only reception and not using
the RTS function (when selecting CTS function).
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11.4.1 Transfer rate (Frequency of transfer clock)
The transfer rate is determined by the BRGi (addresses 316, 391s).
When setting “n” into BRGi, BRGi divides the count source frequency by (n + 1). The BRGi’'s output is
further divided by 16, and the resultant clock becomes the transfer clock. Accordingly, “n” is expressed by
the following formula.
_ F n: Value set in BRGi (0016 to FFus)
“16 0B 1 F: BRGi's count source frequency (Hz)
B: Transfer rate (bps)

n

An internal clock or an external clock can be selected as the BRGi's count source with the internal/external
clock select bit (bit 3 at addresses 3015, 3815). When an internal clock is selected, the clock selected with
the BRG count source select bits (bits 0 and 1 at addresses 3415, 3C16) becomes the BRGi’s count source.
When an external clock is selected, the clock input to the CLKi pin becomes the BRGi's count source.
Set the same transfer rate for both transmitter and receiver sides. Tables 11.4.3 and 11.4.4 list the setting
examples of transfer rate.

Table 11.4.3 Setting examples of transfer rate (1)

f(Xin) = 24.576 MHz f(Xin) = 25 MHz
Transfer - - - - ” -
BRGi's BRGi’s set Actual time BRGi's BRGi’'s set Actual time
rate (bps) _
count source value : n (bps) count source value : n (bps)
300 foa 79 (4F1s) 300.00 foa 80 (5016) 301.41
600 f1s 159 (9F1s) 600.00 fie 162 (A216) 599.12
1200 f1e 79 (4F1s) 1200.00 fie 80 (5016) 1205.63
2400 fie 39 (2716) 2400.00 fie 40 (28a1s) 2381.86
4800 f2 159 (9Fus) 4800.00 f2 162 (A216) 4792.94
9600 fo 79 (4F1s) 9600.00 fo 80 (5016) 9645.06
14400 f2 52 (3416) 14490.57 f2 53 (3516) 14467.59
19200 f2 39 (2710) 19200.00 f2 40 (28a1s) 19054.58
31250 I f2 24 (1816) 31250.00
38400 f2 19 (131s) 38400.00 -

Table 11.4.4 Setting examples of transfer rate (2)
f(Xi) = 22.1184 MHz

Transfer BRGi's BRGi’s set Actual time
rate (bps)
count source value : n (bps)
300 fea 71 (4716) 300.00
600 f1e 143 (8Fus) 600.00
1200 f1e 71 (4716) 1200.00
2400 fie 35 (2316) 2400.00
4800 f2 143 (8Fus) 4800.00
9600 f2 71 (4716) 9600.00
14400 f2 47 (2F1s) 14400.00
19200 f2 35 (2316) 19200.00
28800 f2 23 (1716) 28800.00
31250 f2 21 (1516) 31418.18
38400 f2 17 (1116) 38400.00
57600 f2 11 (OBue) 57600.00
115200 fa 5 (0516) 115200.00
230400 fa 2 (0216) 230400.00
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11.4.2 Transfer data format

The transfer data format can be selected from formats shown in Figure 11.4.1. Bits 4 to 6 at addresses
3016 and 3816 select the transfer data format. (Refer to “Figure 11.2.2.” ) Set the same transfer data format
for both transmitter and receiver sides.

Figure 11.4.2 shows an example of transfer data format. Table 11.4.5 lists each bit in transmit data.

Transfer data length of 7 bits —7— 1ST—7DATA — 1SP

Transfer data length of 8 bits —5— 1ST—8DATA — 1SP

Transfer data length of 9 bits 1ST—9DATA — 1SP
1ST—9DATA — 2SP ST  : Start bit
1ST—9DATA—1PAR—1SP DATA : Character bit (Transfer data)
1ST—9DATA—1PAR—2SP PAR : Parity bit

—— 1ST—7DATA —2SP
— 1ST—7DATA—1PAR—1SP
—— 1ST—7DATA—1PAR—2SP

— 1ST—8DATA —2SP
— 1ST—8DATA—1PAR—1SP
— 1ST—8DATA—1PAR—2SP

SP . Stop bit

Fig. 11.4.1 Transfer data format

*For the case where 1ST-S8DATA-1PAR-1SP

«———— Transmit/Receive data —————!=> Next transmit/receive data

— Time

(When continuously

~<—— DATA (8 bits) ——>=i _
transferring)

st[tss] [ ] [wmselpar]sp | sT[ |

Fig. 11.4.2 Example of transfer data format

Table 11.4.5 Each bit in transmit data

Name Functions
ST “L” signal equivalent to 1 character bit which is added immediately before the
Start bit character bits. It indicates start of data transmission.
DATA

Character bit

Transmit data which is set in the UARTI transmit buffer register.

PAR A signal that is added immediately after the character bits in order to improve data

Parity bit reliability. The level of this signal changes according to selection of odd/even parity
in such a way that the sum of “1”s in this bit and character bits is always an odd
or even number.

SP “H” level signal equivalent to 1 or 2 character bits which is added immediately after

Stop bit the character bits (or parity bit when parity is enabled). It indicates finish of data

transmission.
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11.4.3 Method of transmission

Figure 11.4.3 shows an initial setting example for relevant registers when transmitting.

The difference due to selection of transfer data length (7 bits, 8 bits, or 9 bits) is only that data length.
When selecting a 7- or 8-bit data length, set the transmit data into the low-order byte of the UARTI transmit
buffer register. When selecting a 9-bit data length, set the transmit data into the low-order byte and bit O
of the high-order byte.

Transmission is started when all of the following conditions (00 to O) are satisfied:

O Transmit is enabled (transmit enable bit = “1").
O Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”).
O The CTSi pin’s input is at “L” level (when the CTS function selected).

Note: When the CTS function is not selected, condition O is ignored.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.4.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 7. INTERRUPTS.”

Figure 11.4.4 shows writing data after start of transmission, and Figure 11.4.5 shows detection of transmit
completion.
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~

/UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)
b0

LI TP Jaf | ]
HEE

b

R
o

1

=3

0
UART mode (7 bits)
UART mode (8 bits)

100:
101
1 1 0: UART mode (9 bits)

Internal/External clock select bit
0: Internal clock
1: External clock

Stop bit length select bit
0: 1 stop bit
1: 2 stop bits

Odd/Even parity select bit
0: Odd parity
1: Even parity

Parity enable bit
0: Parity disabled
1: Parity enabled

Sleep select bit
0: Sleep mode terminated (Invalid)
1: Sleep mode selected /

-

~

/ UARTO transmit/receive control register O (Address 3416)
UARTL1 transmit/receive control register O (Address 3Cz16)
b7 b0

BRG count source select bits
b1 b0

0 0:f2

0 1:fie

1 0:feas

1 1:fs12

CTS/RTS select bit

0: CTS function selected _

1: RTS function selected (CTS
function disabled)

/

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916

b7 b0

\— Can be set to 0016 to FFis.

~

/UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)

b7 b0

E Interrupt priority level select bits

When using interrupts, set these bits
to one of levels 1 to 7.
When disabling interrupts, set these

bits to level 0. /

-

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)

b15 b8 b7

[TTTTTTIT] |
|

Set transmit data here.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)
b7 b0

LI T T Ja]

Transmit enable bit
1: Transmission enabled

Transmission starts.

(In the case of selecting the CTS function, transmission
starts when the CTSi pin’s input level is “L.”)

Fig. 11.4.3 Initial setting example for relevant registers when transmitting
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[When not using interrupts]

[When using interrupts]

A UARTI transmit interrupt request occurs
when the UARTI transmit buffer register
becomes empty.

/ Checking state of UARTI transmit buffer register

UARTO transmit/receive control register 1 (Address 351s)
UART1 transmit/receive control register 1 (Address 3D1s6)

b7 b0

LI TP T T [
—

Transmit buffer empty flag

0: Data present in transmit buffer register

1: No data present in transmit buffer register
(Writing of next transmit data is possible.)

~

UARTI transmit interrupt

%

\

/ Writing of next transmit data

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)

b8 b7 b0

| |
I

Set transmit data here. /

b15

-

Note : This figure shows the bits and registers

required for processing.

Refer to “Figures 11.4.6 to 11.4.8" for the
change of flag state and the occurrence
timing of an interrupt request.

Fig. 11.4.4 Writing data after start of transmission

11-36 7721 Group User’'s Manual




SERIAL 1/0

11.4 Clock asynchronous serial /O (UART) mode

[When not using interrupts]

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)

b7 b0

e

Interrupt request bit
0: No interrupt requested
1: Interrupt requested

.

(Transmission has started.)/

[When using interrupts]

A UARTI transmit interrupt request
occurs when transmission starts.

UARTI transmit interrupt

Checking completion of transmission.

UARTO transmit/receive control register 0 (Address 3416)
UART1 transmit/receive control register 0 (Address 3C16)

b7 b0

o 111"

Transmit register empty flag
0: During transmission
1: Transmission completed

-

\

/

< Processing at completion of transmission >

Note : This figure shows the bits and registers required
for processing.
Refer to “Figures 11.4.6 to 11.4.8” for the
change of flag state and the occurrence timing
of an interrupt request.

Fig. 11.4.5 Detection of transmit completion
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11.4.4 Transmit operation

When the receive conditions described in section “11.4.3 Method of transmission”  are satisfied, a transfer
clock is generated and the following operations are automatically performed after 1 cycle of the transfer
clock has passed.

*The UARTI transmit buffer register’s contents are transferred to the UARTI transmit register.
*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

*A UARTI transmit interrupt request occurs and the interrupt request bit is set to “1.”

The transmit operations are described below:

O Data in the UARTI transmit register is transmitted from the TxDi pin.

0 This data is transmitted bit by bit sequentially in order of ST - DATA (LSB) - s . DATA (MSB) - PAR
- SP according to the transfer data format.

O The transmit register empty flag is set to “1” at the center of the stop bit (or the second stop bit when
selecting 2-stop bits), indicating completion of transmission. Additionally, whether the transmit conditions
for the next data are satisfied or not is examined.

When the transmit conditions for the next data are satisfied in step O, the start bit is generated following
the stop bit, and the next data is transmitted. When performing transmission continuously, set the next
transmit data in the UARTI transmit buffer register during transmission (when the transmit register empty
flag = “0”). When the transmit conditions for the next data are not satisfied, the TxDi pin outputs “H” level
and the transfer clock stops.

Figures 11.4.6 and 11.4.7 show examples of transmit timing when the transfer data length = 8 bits, and
Figure 11.4.8 shows an example of transmit timing when the transfer data length = 9 bits.
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Tc

Transfer clock |||||||||||||||||||||||||||||| ||||||

Transmit enable bit | |
Data is set in UARTI transmit buffer register.

Transmit buffer qi %m \
empty flag

UARTI transmit register < UARTI transmit buffer register

TENDI |_|
Stopped because transmit enable bit = “0”

o T\ EEREEREE R ERERERREEE

Transmit register |

empty flag

UARTI transmit | | |
interrupt request bit —_— \

Cleared to “0” when interrupt request is accepted or cleared by software.

The above timing diagram applies when Tenpi: Next transmit conditions are examined when this signal level is “H.”
the fol_lowmg conditions are satisfied: (TenDi is an internal signal. Accordingly, it cannot be read from the external.)
o Parity enabled
e 1stop bit Tc: 16(n + 1)/fi or 16(n + 1)/fExT
e CTS function not selected fi: BR(Gi’s c)ount soSrce fr)equency (f2, f16, f64, f512)
fexT: BRGi's count source frequency (external clock)
n: Value set in BRGi

Fig. 11.4.6 Example of transmit timing when transfer data length = 8 bits (when parity enabled,
selecting 1 stop bit, not selecting CTS function)

Tc

Transfer clock ||||||||||||||| ||||||||||||||||| |||||||

Data is set in UARTI transmit buffer register. | S |

=4 [

UARTI transmit register «— UARTi transmit buffer register

Transmit enable bit

Transmit buffer
empty flag

gt

CTSi

Tenbi |—I

Parity St Ta = spgn Stopped because transmit
Start bit g b(i)tw Stppped because CTS = “H enaFl)J’I)e bit = 0"

TXDi XXX eYsr N\ oo XX oXoXeXoXeysr

Transn;irtnrpet?/ i?lt:g; ] l_ Ii
I | |
N Vd

Cleared to “0” when interrupt request is accepted or cleared by software.

The above timing diagram applies TenDi: Next transmit conditions are examined when this signal level is “H.”
:’;%?iéz? following conditions are (TEND is an internal signal. Accordingly, it cannot be read from the external.)
o Parity enabled Tc = 16(n + L)/ffi or 16(n + 1)/fext

e 1 stop bit

fi: BRGi's count source frequency (f2, fie, fe4, f512)
fext: BRGi's count source frequency (external clock)
n: Value set in BRGi

e CTS function selected

Fig. 11.4.7 Example of transmit timing when transfer data length = 8 bits (when parity enabled,
selecting 1 stop bit, selecting CTS function)
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Transfer clock

Transmit enable bit

Transmit buffer
empty flag

TeNDi

TxDi

Transmit register
empty flag

UARTI transmit
interrupt request bit

-

J Data is set in UARTI transmit buffer register. |

—

UARTI transmit register <— UARTI transmit buffer register

[

\/

Stopped because transmit enable bit = “0”

T\ EEEEEEER N ERRRRRRRR

—

[

[

\

Cleared to “0” when interrupt request is accepted or cleared by software.

The above timing diagram applies when
the following conditions are satisfied:
e Parity disabled

e 2 stop bits

e CTS function disabled

S

Tc =16(n + 1)/fi or 16(n + 1)/feXT

Tenpi: Next transmit conditions are examined when this signal level is “H.”
(TeNDi is an internal signal. Accordingly, it cannot be read from the external.)

fi: BRGi count source frequency (f2, fis, fe4, f512)
fexT: BRGi count source frequency (external clock)

n: Value set in BRGi

Fig. 11.4.8 Example of transmit timing when transfer data length = 9 bits (when parity disabled,
selecting 2 stop bits, not selecting CTS function)
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11.4.5 Method of reception
Figure 11.4.9 shows an initial setting example for relevant registers when receiving. Reception is started
when all of the following conditions (O and 0) are satisfied:

O Reception is enabled (receive enable bit = “1").
O The start bit is detected.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.4.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 7. INTERRUPTS.”

Figure 11.4.10 shows processing after receive completion.
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/UARTO transmit/receive mode register (Address 3016) \

-

/UARTO transmit/receive control register O (Address 3416) \
UART1 transmit/receive control register O (Address 3Ci6)
b7 b0

.
UART1 transmit/receive mode register (Address 3816) E
b7 b0 -
| I | I | | 1 | | | UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)
b2b1b0 b7 b0
10 0: UART mode (7 bits)
10 1: UART mode (8 bits) |
11 0: UART mode (9 bits)
Internal/External clock select bit T— Can be set to 0016 to FF16.
0: Internal clock
1: External clock H
-
Stop bit length select bit . . .
0: 1pstop bitg Port P8 direction register (Address 1416)
1: 2 stop bits 7 b0
. Llof [ [ fof |]
Odd/Even parity select bit
0: Odd parity RxDo pin
1 E i
ven parity RxD1 pin
Parity enable bit
0: Parity disabled b
1: Parity enabled -
-
Sleep select bit
0: Sleep mode terminated (Invalid) UARTO receive interrupt control register (Address 7216)
1: Sleep mode selected / UART1 receive interrupt control register (Address 7416)
Z b7 bo
= Note: Set the transfer data format in
H the same way as set on the
. transmitter side. L. X
= Interrupt priority level select bits

When using interrupts, set these bits to
one of levels 1 to 7.

When disabling interrupts, set these bits
to level O.

BRG count source select bits
b1b0
00:f2

01:fie b7

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dz16)

b0

10:fea
11:fs12

HEEEEE

CTS/RTS select bit
0 : CTs function selected

Receive enable bit
1: Reception enabled

1 : RTS function selected

/

V

Reception starts when the start
bit is detected.

Fig. 11.4.9 Initial setting example for relevant registers when receiving
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[When not using interrupts] [When using interrupts]

A UARTI receive interrupt request
occurs when reception is completed.

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)

UART1 transmit/receive control register 1 (Address 3D1e) UARTI receive interrupt

Receive complete flag
0 : Reception not completed
1 : Reception completed

'

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

/Checking error

b7 b0

LI T T Jaf ]
\— Framing error flag

Parity error flag

Error sum flag
0 : No error
1: Error detected

Reading of receive data

UARTO receive buffer register (Addresses 3716, 3616)
UART1 receive buffer register (Addresses 3F16, 3E16)

b15 b8 b7 bo
[ofofofofofofo] | |

| S

Read out receive data.

Checking error N

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dze)

Overrun error flag
0 : No overrun error
1: Overrun error detected /

Note : This figure shows the bits and registers required
for processing.
C Processing after reading out receive data > Refer to “Figure 11.4.12" for the change of flag
state and the occurrence timing of an interrupt
request.

Fig. 11.4.10 Processing after receive completion
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11.4.6 Receive operation

When the receive enable bit is set to “1,” the UARTI enters the receive enable state. After this, reception
starts when ST is detected and a transfer clock is generated.

In the case of selecting the RTS function, when the reception is enabled, the RTSi pin’s output level
becomes “L” to inform the transmitter side that reception is enabled. When reception is started, the RTSi
pin’s output level becomes “H.” Accordingly, by connecting the RTSi pin to the CTSi pin of the transmitter
side, the timing of transmission and that of reception can be matched. Figure 11.4.11 shows an connection
example.

The receive operation is described below.

O The input signal of the RxDi pin is taken into the most significant bit of the UARTI receive register
synchronously with the transfer clock’s rising edge.

O The contents of the UARTI receive register are shifted by 1 bit to the right.

0 Steps O and O are repeated at each rising edge of the transfer clock.

O When one set of data has been prepared, in other words, when the shift has been performed several
times according to the selected data format, the UARTI receive register’'s contents are transferred to the
UARTI receive buffer register.

O Simultaneously with step O, the receive complete flag is set to “1.” Additionally, a UARTI receive
interrupt request occurs and its interrupt request bit is set to “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register

is read out. The RTSi pin’s output level becomes “L” simultaneously with step O (when selecting the RTS
function). Figure 11.4.12 shows an example of receive timing when the transfer data length = 8 bits.

Transmitter side Receiver side
TxDi T TxDi
RxDi |- -1 RxDi

¢ RTSi

CTSi

Fig. 11.4.11 Connection example
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BRGi count |||| | | | |||| | | | || | | | | ” | | | ”” | | | ”” | | | ” | | | I I ”” | | | ” “l“””””““““““””

source

Receive enable bit J
Stop bit

> D1 D7) -
Received data taken in

At falling edge of start bit, transfer clock  UARTI receive register — UARTIi receive buffer register
Receive is generated and reception started. ‘

complete flag =~ — o 000000 ..

1
ol

RxDi Stal”t\bi'[

Sampled “L”

Transfer clock

UARTI receive interrupt

request bit
The above timing diagram applies when the Cleared to “0” when interrupt request is accepted
following conditions are satisfied: or cleared by software.
e Parity disabled
e 1 stop bit

e RTS function selected

Fig. 11.4.12 Example of receive timing when transfer data length = 8 bits (when parity disabled,
selecting 1 stop bit, selecting RTS function)
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11.4.7 Processing on detecting error
In the UART mode, 3 types of errors can be detected. Each error can be detected when the data in the
UARTI receive register is transferred to the UARTI receive buffer register, and the corresponding error flag
is set to “1.” When any error occurs, the error sum flag is set to “1.” Accordingly, presence of errors can
be judged by using the error sum flag.
Table 11.4.6 lists conditions for setting each error flag to “1” and method for clearing it to “0.”

Table 11.4.6 Conditions set to “1” and method cleared to “0” for each error flag

Error flag

Conditions for being set to “1”

Method for being cleared to “0”

Overrun error flag

When the next data is prepared in the
UARTI receive register with the receive
complete flag = “1” (i.e., data is present
in the UARTI receive buffer register). In
other words, when the next data is
prepared before the contents of the UARTI
receive buffer register are read out. (Note)
[UARTI receive interrupt request bit is not
changed.]

*Clear the serial 1/O mode select bits to
“0002."
*Clear the receive enable bit to “0.”

Framing error flag

When the number of detected stop bits
does not match the set number of stop
bits.

[UARTI receive interrupt request bit is set
to “1."]

«Clear the serial 1/0 mode select bits to
“0002."

«Clear the receive enable bit to “0.”
*Read out the low-order byte of the UARTI
receive buffer register.

Parity error flag

When the sum of “1"s in the parity bit
and character bits does not match the
set number of “1”s.

[UARTI receive interrupt request bit is set
to “1."]

«Clear the serial 1/0 mode select bits to
“0002."

«Clear the receive enable bit to “0.”

*Read out the low-order byte of the UARTI
receive buffer register.

Error sum flag

When 1 or more errors listed above occur.

«Clear the all error flags, which are overrun,
framing and parity error flags.

Note: The next data is written into the UARTI receive buffer register.

When an error occurs during reception, initialize the error flag and the UARTI receive buffer register, and
then perform reception again. When it is necessary to perform retransmission owing to an error which occurs
in the receiver side during transmission, set the UARTI transmit buffer register again, and then restarts
transmission.

The method of initializing the UARTI receive buffer register and that of setting the UARTI transmit buffer
register again are described below.

(1) Method of initializing UARTI receive buffer register
O Clear the receive enable bit to “0” (reception disabled).
O Set the receive enable bit to “1” again (reception enabled).

(2) Method of setting UARTI transmit buffer register again
O Clear the serial /0 mode select bits to “0002" (serial 1/0 invalid).
O Set the serial /0 mode select bits again.
0 Set the transmit enable bit to “1” (transmission enabled), and set the transmit data to the UARTI
transmit buffer register.
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11.4.8 Sleep mode

This mode is used to transfer data between the specified microcomputers, which are connected by using
UARTI. The sleep mode is selected by setting the sleep select bit (bit 7 at addresses 3016, 3816) to “1” when
receiving.

In the sleep mode, receive operation is performed when the MSB (Ds when the transfer data is 9 bits
length, D7 when it is 8 bits length, Ds when it is 7 bits length) of the receive data is “1.” Receive operation
is not performed when the MSB is “0.” (The UARTI receive register’s contents are not transferred to the
UARTI receive buffer register. Additionally, the receive complete flag and error flags do not change and
a UARTI receive interrupt request does not occur.)

The following shows an usage example of the sleep mode when the transfer data is 8 bits length.

O Set the same transfer data format for the master and slave microcomputers. Select the sleep mode for
the slave microcomputers.

O Transmit data, which has “1” in bit 7 and the address of the slave microcomputer to be communicated

in bits 0 to 6, from the master microcomputer to all slave microcomputers.

All slave microcomputers receive data of step 0. (At this time, a UARTI receive interrupt request occurs.)

O For all slave microcomputers, check in the interrupt routine whether bits 0 to 6 in the receive data match
their own addresses.

O For the slave microcomputer of which address matches bits 0 to 6 in the receive data, terminate the
sleep mode. (Do not terminate the sleep mode for the other slave microcomputers.)
By performing steps O to O, “ the microcomputer which performs transfer” is specified.

O Transmit data, which has “0” in bit 7, from the master microcomputer. (Only the microcomputer specified
in steps 0 to O can receive this data. The other microcomputers do not receive this data.)

O By repeating step O, transfer can be performed between two specific microcomputers continuously.
When communicating with another microcomputer, perform steps [0 to O in order to specify the new
slave microcomputer.

O

Data is transferred between the master
Master microcomputer and one specific slave microcomputer
selected from multiple slave microcomputers.

——————————————————————————————————————

Slave A Slave B Slave C Slave D

Fig. 11.4.13 Sleep mode
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MEMORANDUM
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A-D CONVERTER

12.1 Overview

12.1 Overview
Table 12.1.1 lists the performance specifications of the A-D converter.

Table 12.1.1 Performance specifications of A-D converter

Item Performance specifications
A-D conversion method Successive approximation conversion method
Resolution 8 bits
Absolute accuracy +3 LSB
Analog input pin 8 pins (ANo to ANv) (Note)
Conversion rate per analog input pin 57 @o" cycles

@ A-D converter’'s operation clock
The A-D converter has the 4 operation modes listed below.

*One-shot mode
This mode is used to perform the operation once for a voltage input from one selected analog input pin.
*Repeat mode
This mode is used to perform the operation repeatedly for a voltage input from one selected analog input
pin.
*Single sweep mode
This mode is used to perform the operation for voltages input from multiple selected analog input pins, one
at a time.
*Repeat sweep mode
This mode is used to perform the operation repeatedly for voltages input from multiple selected analog
input pins.
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12.2 Block description

12.2 Block description

Figure 12.2.1 shows the block diagram of the A-D converter. Registers relevant to the A-D converter are
described below.

O/O (])AD
—o] 12 Pl% 12 |5
VREF (()— Resistor Vref
AVss C ladder network
LITTITTT] la
Successive LITTTTTT]
approximation A-D sweep pin select register
register
LITTTTT T
A-D control register
YyYvy
A-D register 0 @
A-D register 1 L
A-D register 2 < °
A-D register 3 L4 Decoder
A-D register 4 < °
A-D register 5 °
A-D register 6 < L d
A-D register 7 '
Data bus (even
- (even) YVYVVYVYVYYY Comparator
ANo () o o
ANt () o o
ANz O o
ANz O o o VIN
ANa () o o
ANs () o o
ANs () o o
AN7/ADTRG Q O
Selector

Fig. 12.2.1 Block diagram of A-D converter
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12.2 Block description

12.2.1 A-D control register

Figure 12.2.2 shows the structure of the A-D control register. The A-D operation mode select bit selects

the operation mode of the A-D converter. The other bits are described below.

b7 b6 b5 b4 b3 b2

bl bo

LT ]

| | A-D control register (Address 1Eie)

Bit Bit name Functions Atreset| RW

: : : : : : : i i b2 b1 b0

Pt e T 0 ,(Avrl;:g%nlnopnuet_zﬁloetc;r?gsrepeat 000 : ANo selected Undefined| RW

oo modes) (Note 1) 00 1: AN selected

A 010 : ANz selected

R 011:ANs selected _

A ! 100 : ANs selected Undefined| RW

or o 101 : ANs selected

Por o 110 : ANe selected

e 2 111: AN selected (Note 2) Undefined| RW

R 3 | A-D operation mode select bits | ™ 0 RW

T 0 0 : One-shot mode

oo 0 1: Repeat mode

ol 1 0: Single sweep mode

Coy L TTTTTTTTmmTmmmees 4 11 : Repeat sweep mode 0 RW

b e 5 | Trigger select bit 0 : Internal trigger 0 RW

P 1: External trigger

R hGRE L EEEEEEEEEE 6 | A-D conversion start bit 0 : Stop A-D conversion 0 RW

' 1: Start A-D conversion

L e e 7 A-D conversion frequency 0 : f2 divided by 4 0 RW
(¢ AD) select bit 1 : f2 divided by 2

Notes 1: These bits are ignored in the single sweep and repeat sweep mode. (They may be

either “0” or “1.”)

2: When an external trigger is selected, the AN7 pin cannot be used as an analog input

pin.

3: Writing to each bit (except bit 6) of the A-D control register must be performed while

the A-D converter halts.

Fig. 12.2.2 Structure of A-D control register

(1) Analog input select bits (bits 2 to 0)

These bits are used to select an analog input pin in the one-shot mode and repeat mode. Pins which
are not selected as analog input pins function as programmable /O ports.

These bits must be set again when the user switches the A-D operation mode to the one-shot mode
or repeat mode after A-D conversion is performed in the single sweep mode or repeat sweep mode.
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(2) Trigger select bit (bit 5)

3)

4)

This bit is used to select the source of trigger occurrence. (Refer to section “(3) A-D conversion
start bit.” )

A-D conversion start bit (bit 6)
e When internal trigger is selected

Setting this bit to “1” generates a trigger, causing the A-D converter to start operating. Clearing
this bit to “0” causes the A-D converter to stop operating.

In the one-shot mode or single sweep mode, this bit is cleared to “0” after the operation is
completed. In the repeat mode or repeat sweep mode, the A-D converter continues operating until
this bit is cleared to “0” by software.

When external trigger is selected

When the ADTRG pin level goes from “H” to “L” with this bit = “1,” a trigger occurs, causing the
A-D converter to start operating. The A-D converter stops when this bit is cleared to “0.”

In the one-shot mode or single sweep mode, this bit remains set to “1” even after the operation
is completed. In the repeat mode or repeat sweep mode, the A-D converter continues operating
until this bit is cleared to “0” by software.

A-D conversion frequency ( ¢uo) select bit (bit 7)

As listed in Table 12.2.1, the conversion time of the A-D converter varies depending on the operating
clock (gnp) selected by this bit.

Since the A-D converter's comparator consists of capacity coupling amplifiers, keep that go = 250
kHz during A-D conversion.

Table 12.2.1 Conversion time per one analog input pin (unit: us)
A-D conversion frequency (¢np) select bit 0 1
@0 fal4 f2/2
Conversion time f(Xin) = 8 MHz 57.0 28.5
f(Xin) = 16 MHz 28.5 14.25
f(Xi) = 25 MHz 18.24 9.12

7721 Group User’'s Manual 12-5



A-D CONVERTER

12.2 Block description

12.2.2 A-D sweep pin select register
Figure 12.2.3 shows the structure of the A-D sweep pin select register.

b7 b6 b5 b4 b3 b2 bl bO
A-D sweep pin select register (Address 1Fie)

H : : : : : : Bit Bit name Functions Atreset| RW
A . o | A-D sweep pin select bits b1b0. _ 1 RW
e (valid in single sweep and repeat 00: ANo, AN1 (2 pins)

L sweep mode ) (Note 1) 01 : ANo to ANs (4 pins)

L T epnpnp— 1 10 : ANo to ANs (6 pins) 1 RW
' . 11 : ANo to AN7 (8 pins) (Note 2)
e — 7 to 2 | Nothing is assigned. Undefined| —

Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or
“1.7)
2: When selecting an external trigger, the AN7 pin cannot be used as an analog input pin.
3: Writing to each bit of the A-D sweep pin select register must be performed while the
A-D converter halts.

Fig. 12.2.3 Structure of A-D control register 1

(1) A-D sweep pin select bits (bits 1 and 0)
These bits are used to select analog input pins in the single sweep mode or repeat sweep mode.
In the single sweep mode and repeat sweep mode, pins which are not selected as analog input pins
function as programmable /O ports.
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12.2.3 A-D registeri (i =0 to 7)

Figure 12.2.4 shows the structure of the A-D register i. When the A-D conversion is completed, the
conversion result (contents of the successive approximation register) is stored into this register. Each A-
D register i corresponds to an analog input pin (ANi).

A-D register 0 (Addresses 2016)

A-D register 1 (Addresses 2216)

A-D register 2 (Addresses 2416)

A-D register 3 (Addresses 2616)

A-D register 4 (Addresses 2816)

b7 b6 b5 b4 b3 b2 bl bo A-D register 5 (Addresses 2A16)
| I I I I I | | | A-D register 6 (Addresses 2C16)
A-D register 7 (Addresses 2E16)

i Bit Functions Atreset| RW

........................ 7 to 0 | Reads an A-D conversion result. Undefined| RO

Fig. 12.2.4 Structure of A-D register i
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12.2.4 A-D conversion interrupt control register
Figure 12.2.5 shows the structure of the A-D conversion interrupt control register. For details about interrupts,
refer to “CHAPTER 7. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

A-D conversion interrupt control register (Address 7016)

Bit Bit name Functions Atreset| RW
H , , , , : : I | jority | | sel i b2 b1 b0

- 0 nterrupt priority level sefect bits 00 0: Level 0 (Interrupt disabled) 0 RW
. 001:Levell Low level

T 010:Level 2

S 1 011:Level3 o | rw
- 100:Level 4

I 101:Level5

R 110:Level 6

- 2 111:Level7 High level 0 RW
E et 3 | Interrupt request bit 0 : No interrupt requested 0 RW
Lo 1 : Interrupt requested

R CET R r 7 to 4 | Nothing is assigned. Undefined | —

Fig. 12.2.5 Structure of A-D conversion interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select an A-D conversion interrupt’s priority level. When using A-D conversion interrupts,
select one of the priority levels (1 to 7). When an A-D conversion interrupt request occurs, its priority
level is compared with the processor interrupt priority level (IPL). The requested interrupt is enabled
only when its priority level is higher than the IPL. (However, this applies when the interrupt disable
flag (1) = “0.”)
To disable A-D conversion interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when an A-D conversion interrupt request occurs. This bit is automatically
cleared to “0” when the A-D conversion interrupt request is accepted. This bit can be set to “1” or
cleared to “0” by software.
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12.2.5 Port P7 direction register
Input pins of the A-D converter are multiplexed with port P7. When using these pins as A-D converter’'s
input pins, set the corresponding bits of the port P7 direction register to “0” to set these port pins for the
input mode. Figure 12.2.6 shows the relationship between the port P7 direction register and A-D converter’'s

input pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P7 direction register (Address 1116)

Bit Corresponding pin Functions Atreset| RW
0 ANo pin 0 : Input mode 0 RW
- 1: Output mode

1 ANz pin 0 RW
2 . When using these pins as A-D 0

ANz pin converter’s input pins, set the RW
3 AN pin corresponding bits to “0. 0 RW
4 AN4 pin 0 RW
5 ANs pin 0 RW
6 ANs pin 0 RW
7 AN7/ADTRG pin 0 RW

Fig. 12.2.6 Relationship between port P7 direction register and A-D converter’s input pins
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12.3 A-D conversion method

12.3

A-D conversion method

The A-D converter compares the comparison voltage (Vrr), which is internally generated according to the
contents of the successive approximation register, with the analog input voltage (Vi), which is input from
the analog input pin (ANi). By reflecting the comparison result on the successive approximation register, Vin
is converted into a digital value. When a trigger is generated, the A-D converter performs the following
processing:

O

Determining bit 7 of the successive approximation register

The A-D converter compares Veer With Vin. At this time, the contents of the successive approximation
register is “100000002" (initial value).

Bit 7 of the successive approximation register changes according to the comparison result as follows:
When Vet < Vv, bit 7 = “1”

When Vreer > Vv, bit 7 = “0”

Determining bit 6 of the successive approximation register

After setting bit 6 of the successive approximation register to “1,” the A-D converter compares Ve
with Vin. Bit 6 changes according to the comparison result as follows:

When Vet < Vv, bit 6 = “1”

When Vet > Vi, bit 6 = “0”

Determining bits 5 to 0 of the successive approximation register

Operations in O are performed for bits 5 to 0.

When bit 0 is determined, the contents (conversion result) of the successive approximation register
is transferred to the A-D register i.

The comparison voltage (Vrer) is generated according to the latest contents of the successive approximation
register. Table 12.3.1 lists the relationship between the successive approximation register’s contents and
Vrer. Table 12.3.2 lists changes of the successive approximation register and Vv during the A-D conversion.
Figure 12.3.1 shows the ideal A-D conversion characteristics.

Table 12.3.1 Relationship between successive approximation register’s contents and V ref
Successive approximation register's contents: n Viet (V)
0 0
VRer?
1 to 255 — O (h-05
256 ( )

Vrer”: Reference voltage

12-10
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Table 12.3.2 Change in successive approximation register and V et during A-D conversion

Successive approximation register Change of Vref
b7 b0
A-D converter halt '1]/0/0]olo]o]o] 0] VEEE V]
) VREF VREF
1/0/,0/0/0|0|0O|O ~oEE
1st comparison ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 5 512 V] .
=1 + YREE
4
2nd comparison ‘m‘ 1‘ 0‘ 0‘ 0‘ 0‘ 0‘ 0‘ VREF , VREF _ VReF [Vl o _ Vrer
2 4 512 *n7=0 2
¢ L1stcomparison result v v V o=l 4 YREF
3rd comparison ‘n7‘n6‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ V;EF + ZEF + ';EF - S?LEZF V] { VSEF}
t . ne=0 — 8
¢ 2nd comparison result .
¢ . VREF VREF VREF VREF VREF
8th comparison ‘m‘ne‘ns‘m‘na‘nz‘m‘ 1‘ > + 4 + 8 +.....x 256 —ﬁ[V]
Conversion complete ‘ n7‘ ne‘ ns‘ n4‘ na‘ nz‘ n1‘ no‘
A-D conversion result
Ideal A-D conversion characteristics
FFis 1
FE1s |
FDis |
a7
0316 |
0216 |
0lis |
0016 L= : : — : : : >
| VREF VREF VREF VREF VREF VREF
Q ! o586 01 256 02 256 03 o856 0253 056 0254 “o56 255 VREF
\Y .
2;'?; 00.5 Analog input voltage

Fig. 12.3.1 Ideal A-D conversion characteristics
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12.4 Absolute accuracy and differential non-linearity error

The A-D converter’s accuracy is described below. Refer to section “Appendix 12.3 A-D converter standard
characteristics ,” also.

12.4.1 Absolute accuracy

The absolute accuracy is the difference expressed in the LSB between the actual A-D conversion result
and the output code of an A-D converter with ideal characteristics. The analog input voltage when measuring
the accuracy is assumed to be the mid point of the input voltage width that outputs the same output code
from an A-D converter with ideal characteristics. For example, when Vrer = 5.12 V, 1 LSB width is 20 mV,
and 0 mV, 20 mV, 40 mV, 60 mV, 80 mV, ... are selected as the analog input voltages.

The absolute accuracy = +3 LSB indicates that when the analog input voltage is 100 mV, the output code
expected from an ideal A-D conversion characteristics is “00516,” however the actual A-D conversion result
is between “00216" to “00816.”

The absolute accuracy includes the zero error and the full-scale error.

The absolute accuracy is degraded when Vrer is lowered. Any of the output codes for analog input voltages
from Vrerto AVcc is “FFie.”

Output code
(A-D conversion result)

0B16 | _J

OA16 |

0916 |

o8s + 3LSB / \

) Ideal A-D conversion
0716 characteristics

0616 |

0516 oo »

0416 |

0316 |

0216 f . _ S '

01l |

006 L 4 — 44— ——+————F+—>
0 20 40 60 80 100 120 140 160 180 200 220
Analog input voltage (mV)

Fig. 12.4.1 Absolute accuracy of A-D converter
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12.4.2 Differential non-linearity error

The differential non-linearity error indicates the difference between the 1 LSB step width (the ideal analog
input voltage width while the same output code is expected to output) of an A-D converter with ideal
characteristics and the actual measured step width (the actual analog input voltage width while the same
output code is output). For example, when Vrer = 5.12 V, the 1 LSB width of an A-D converter with ideal
characteristics is 20 mV, however when the differential non-linearity error is +1 LSB, the actual measured
1 LSB width is 0 to 40 mV.

Output code
(A-D conversion result)

A

0916 |

1 LSB width with ideal

0816 - A-D conversion characteristics

0716 |

0616 |

0516 |

0416 |

0316 |

0216 |

0lie |

Differential non-linearity error
0016 : : : : : : : : —>
0 20 40 60 80 100 120 140 160 180

Analog input voltage (mV)

Fig. 12.4.2 Differential non-linearity error
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12.5 One-shot mode

In the one-shot mode, the operation for the input voltage from the one selected analog input pin is performed
once, and the A-D conversion interrupt request occurs when the operation is completed.

12.5.1 Settings for one-shot mode
Figure 12.5.1 shows an initial setting example for registers relevant to the one-shot mode.

When using an interrupt, it is necessary to set the relevant registers to enable the interrupt. Refer to
“CHAPTER 7. INTERRUPTS” for more descriptions.
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12.5 One-shot mode

{

/

e A-D control register

b7

PP PP OOOO

(&

PP OORRF OO

b0
| | Ol | 0 | 0 | | | | A-D control register (address 1Ezie)

Analog input select bits
b2 bl bo

: ANo selected
: AN1 selected
: AN2 selected
: ANs selected
: AN4 selected
: ANs selected
: ANs selected
: AN7 selected

PORFRORFROR O

One-shot mode

Trigger select bit

0 : Internal trigger

1: External trigger

A-D conversion start bit

0: Stop A-D conversion

A-D conversion frequency (¢AD)
select bit

0 : f2 divided by 4

1 : f2 divided by 2

e Interrupt priority level
b7 bo

i

Interrupt priority level select bits

A-D conversion interrupt control register (address 7016)

Set to a level between 1 to 7 when using this interrupt.
Set to a level 0 when disabling this interrupt.

/o Port P7 direction register
b7 bo

LANo

AN1
—AN2
ANs
ANa4
ANs
ANe
AN7

| Port P7 direction register (address 1116)

\

Set the bits corresponding
to analog input pins to “0.”
Set bit 7 to “0” when
selecting external trigger.

%

Note : Writing to each bit (except bit 6) of the A-D control register must be performed

while the A-D converter halts (before a trigger occurs).

AN NN NN EEEEEEEEERRRRREEY

e Set A-D conversion start bit to “1”

b0

| A-D control register (address 1E1s)

Llaf T 1T 1]
-

A-D conversion start bit

When external trigger is selected

Input falling edge to
ADTRG pin

When internal trigger is selected

Y

Trigger occur

Operation start

Fig. 12.5.1

Initial setting example for registers relevant to one-shot mode
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12.5 One-shot mode

12.5.2 One-shot mode operation description

(1) When an internal trigger is selected

(2)

O The A-D converter starts operation when the A-D conversion start bit is set to “1.”

O The A-D conversion is completed after 57 cycles of @gwo. Then, the contents of the successive
approximation register (conversion result) are transferred to the A-D register i.

O At the same time as step O, the A-D conversion interrupt request bit is set to “1.”

O The A-D conversion start bit is cleared to “0” and the A-D converter stops operation.

When an external trigger is selected

O The A-D converter starts operation when the input level to the ADtre pin changes from “H” to “L”

while the A-D conversion start bit is “1.”

O The A-D conversion is completed after 57 cycles of @gw. Then, the contents of the successive
approximation register (conversion result) are transferred to the A-D register i.

O At the same time as step O, the A-D conversion interrupt request bit is set to “1.”
O The A-D conversion stops.

The A-D conversion start bit remains set to “1” after the operation is completed. Accordingly, the
operation of the A-D converter can be performed again from step O when the level of the ADrrc pin
changes from “H” to “L.”

When the level of the ADtre pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step O.

Figure 12.5.2 shows the conversion operation in the one-shot mode.

Trigger occur

Conversion result

Convert input voltage from ﬁ A-D register i
ANi pin

A-D conversion interrupt request occurs.

[ A-D converter halt ]

Fig. 12.5.2 Conversion operation in one-shot mode
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12.6 Repeat mode

12.6 Repeat mode

In the repeat mode, the operation for the input voltage from the one selected analog input pin is performed
repeatedly.

In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at

address 1Eis) remains set to “1” until it is cleared to “0” by software, and the operation is performed
repeatedly while the A-D conversion start bit is “1.”

12.6.1 Settings for repeat mode
Figure 12.6.1 shows an initial setting example for registers relevant to the repeat mode.
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12.6 Repeat mode

e A-D control register

b7 b0
| | 0| | O| l| | | | A-D control register (address 1Eie)

Analog input select bits

b2 b1 b0
0 0 0: ANo selected

: ANz selected
: AN2 selected
: ANs selected
: AN4 selected
: ANs selected
: ANs selected
: AN7 selected

PRRROOO
PRPOORROO
PrORrOROR

Repeat mode
Trigger select bit

0 : Internal trigger
1: External triggeer

A-D conversion start bit

0: Stop A-D conversion

A-D conversion frequency (¢AD)
select bit

0 : f2 divided by 4

1: f2 divided by 2

‘. N

e Port P7 direction register
b7 b0
| | | | | | | | | Port P7 direction register (address 1116)

EANO

AN1

L AN2 Set the bits corresponding
ANs to analog input pins to “0.”
AN Set bit 7 to “0” When
ANs selecting external trigger.

ANe

\ AN7 /

e Set A-D conversion start bit to “1”
b7 b0
| | 1 | | | | | | | A-D control register (address 1Ezs)

A-D conversion start bit

When external trigger is selected
sEssEmsEEEEREEEERRERERES

When internal trigger is
selected

Input falling edge to
ADTRG pin

A

Trigger occur

Operation start

Note : Writing to each bit (except bit 6) of the A-D control register must be performed while the A-D
converter halts (before a trigger occurs).

Fig. 12.6.1 Initial setting example for registers relevant to repeat mode
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12.6 Repeat mode

12.6.2 Repeat mode operation description

(1) When an internal trigger is selected
O The A-D converter starts operation when the A-D conversion start bit is set to “1.”

O The first A-D conversion is completed after 57 cycles of @o. Then, the contents of the successive
approximation register (conversion result) are transferred to the A-D register i.

O The A-D converter repeats operation until the A-D conversion start bit is cleared to “0” by software.
The conversion result is transferred to the A-D register i each time the conversion is completed.

(2) When an external trigger is selected
O The A-D converter starts operation when the input level to the ADtrc pin changes from “H” to “L”
while the A-D conversion start bit is “1.”

O The first A-D conversion is completed after 57 cycles of @o. Then, the contents of the successive
approximation register (conversion result) are transferred to the A-D register i.

O The A-D converter repeats operation until the A-D conversion start bit is cleared to “0” by software.
The conversion result is transferred to the A-D register i each time the conversion is completed.

When the level of the ADtre pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step O.

Figure 12.6.2 shows the conversion operation in the repeat mode.

Trigger occur

Conversion result

Convert input voltage from ﬁ A-D register i
ANi pin

Fig. 12.6.2 Conversion operation in repeat mode
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12.7 Single sweep mode

12.7 Single sweep mode

In the single sweep mode, the operation for the input voltage from multiple selected analog input pins is
performed, one at a time. The A-D converter is operated in ascending sequence from the ANo pin. The
A-D conversion interrupt request occurs when the operation for all selected input pins are completed.

12.7.1 Settings for single sweep mode
Figure 12.7.1 shows an initial setting example for registers relevant to the single sweep mode.

When using an interrupt, it is necessary to set the relevant registers to enable the interrupt. Refer to
“CHAPTER 7. INTERRUPTS” for more information.
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12.7 Single sweep mode

e A-D control register and A-D sweep pin select register

b7 b0 b7 b0
| | 0 | | 1 | 0 | O | O | O | A-D control register (address 1Eas) _E A-D sweep pin select register (address 1F1e)
u— Single sweep mode AbiDbosweep pin select bits

. . 0 0: ANo, ANz (2 pins)

Trigger select bit 0 1: ANo-ANs (4 pins)

0 : Internal trlgger 1 0: ANo—ANs (6 pins)

1: External trigger 1 1:ANo-AN (8 pins)

A-D conversion start bit

0: Stop A-D conversion

A-D conversion frequency (¢ AD)
select bit

0 : f2 divided by 4

1: f2 divided by 2

~

%

e Interrupt priority level
b7 b0
_]E A-D conversion interrupt control register (address 7016)
Interrupt priority level select bits
Set to a level between 1 to 7 when using this interrupt.
Set to a level 0 when disabling this interrupt.

/o Port P7 direction register \
b7 b0
[ T T T T T T [ [Prortp7directionregister (address 11ic)

E ANo

AN1

AN2 Set the bits corresponding
AN3 to analog input pins to “0.”
ANz Set bit 7 to “0” when

ANs selecting external trigger.

ANe
AN7

. /

e Set A-D conversion start bit to “1”

b7 b0
| |1| | | | | | |A-Dc0ntr0| register (address 1Ezs)

A-D conversion start bit

When external trigger is selected
EEEEEEEEEEEEEEEREEEREEE

When internal trigger is

selected Input falling edge to

ADrtRG pin

A

Trigger occur

Operation start

Note : Writing to each bit (except bit 6) of the A-D control register and each bit of the A-D sweep pin
select register must be performed while the A-D converter halts (before a trigger occurs).

Fig. 12.7.1

Initial setting example for registers relevant to single sweep mode
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12.7 Single sweep mode

12.7.2 Single sweep mode operation description

1)

(2)

When an internal trigger is selected
O The operation for the input voltage from the ANo pin starts when the A-D conversion start bit is
set to “1.”

O The A-D conversion of the input voltage from the ANo pin is completed after 57 cycles of @o. Then,
the contents of the successive approximation register (conversion result) are transferred to the

A-D register 0.

O For all of the selected analog input pins, the A-D conversion is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

0 When step O is completed, the A-D conversion interrupt request bit is set to “1.”
O The A-D conversion start bit is cleared to “0” and the A-D converter stops operation.
When an external trigger is selected

O The A-D converter starts operation for the input voltage from the ANo pin when the input level to
the ADre pin changes from “H” to “L” while the A-D conversion start bit is “1.”

O The A-D conversion of the input voltage from the ANo pin is completed after 57 cycles of @o. Then,
the contents of the successive approximation register (conversion result) are transferred to the
A-D register 0.

O For all of the selected analog input pins, the A-D conversion is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

O When step O is completed, the A-D conversion interrupt request bit is set to “1.”
0 The A-D conversion stops.

The A-D conversion start bit remains set to “1” after the operation is completed. Accordingly, the
operation of the A-D converter can be performed again from step O when the level of the ADrrc pin
changes from “H” to “L.”

When the level of the ADtrs pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step 0.

Figure 12.7.2 shows the conversion operation in the single sweep mode.
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12.7 Single sweep mode

Trigger occur

Convert input voltage from | Conversion result
ANo pin ﬁ A-D register 0

Convert input voltage from | Conversion result )
AN1 pin A-Dregister 1

Convert input voltage from | Conversion reslt .
ANi pin A-D regqister i

RN

CA—D converter halt)

A-D converter interrupt
request occur

Fig. 12.7.2 Conversion operation in single sweep mode
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12.8 Repeat sweep mode

12.8 Repeat sweep mode

In the repeat sweep mode, the operation for the input voltages from the multiple selected analog input pins
is performed repeatedly. The A-D converter is operated in ascending sequence from the ANo pin.

In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at
address 1Eis) remains set to “1” until it is cleared to “0” by software, and the operation is performed
repeatedly while the A-D conversion start bit is “1.”

12.8.1 Settings for repeat sweep mode
Figure 12.8.1 shows an initial setting example for registers relevant to the repeat sweep mode.
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12.8 Repeat sweep mode

~

e A-D control register and A-D sweep pin select register
b7 b0

b7 bo
| | 0 | | 1 | 1 | 0 | O | O | A-D control register (address 1Eze) _E A-D sweep pin select register (address 1Fise)

Repeat sweep mode ﬁl—lgosweep pin select bits
0 0: ANo, ANz (2 pins)
: ANo—ANs (4 pins)
: ANo—ANs (6 pins)
: ANo—AN?7 (8 pins)

Trigger select bit
0 : Internal trigger
1: External trigger

PR O
O R

A-D conversion start bit
0: Stop A-D conversion

A-D conversion frequency (¢ AD)
select bit

0 : f2 divided by 4

1: f2 divided by 2

. )

/o Port P7 direction register \
b7 bo
| | | | | | | | | Port P7 direction register (address 1116)

E ANo

AN1

AN2 Set the bits corresponding
AN3 to analog input pins to “0.”
ANz Set bit 7 to “0” when

ANs selecting external trigger.

ANes

\ AN7 /

e Set A-D conversion start bit to “1”
b7 b0
| | 1 | | | | | | | A-D control register (address 1Eis)

A-D conversion start bit

hen external trigger is selected
ErsEEEEEEEEEEREEEREEEEE

When internal trigger
is selected

Input falling edge to
ADTRG pin

sensnnennnnnnnnnnnnd

A

Trigger occur

Operation start

Note : Writing to each bit (except bit 6) of the A-D control register and each bit of the A-D sweep
pin select register must be performed while the A-D converter halts (before a trigger
occurs).

Fig. 12.8.1 Initial setting example for registers relevant to repeat sweep mode
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12.8 Repeat sweep mode

12.8.2 Repeat sweep mode operation description

1)

(2)

When an internal trigger is selected
O The operation for the input voltage from the ANo pin starts when the A-D conversion start bit is
set to “1.”

O The A-D conversion of the input voltage from the ANo pin is completed after 57 cycles of @o. Then,
the contents of the successive approximation register (conversion result) are transferred to the
A-D register 0.

O For all of the selected analog input pins, the A-D conversion is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

O For all of the selected analog input pins, the A-D conversion is performed again.

O The operation is performed repeatedly until the A-D conversion start bit is cleared to “0” by
software.

When an external trigger is selected
O The A-D converter starts operation for the input voltage from the ANo pin when the input level to
the ADrrs pin changes from “H” to “L” while the A-D conversion start bit is “1.”

0 The A-D conversion of the input voltage from the ANo pin is completed after 57 cycles of @o. Then,
the contents of the successive approximation register (conversion result) are transferred to the
A-D register 0.

O For all of the selected analog input pins, the A-D conversion is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

O For all of the selected analog input pins, the A-D conversion is performed again.

O The operation is performed repeatedly until the A-D conversion start bit is cleared to “0” by
software.

When the level of the ADtre pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step 0.

Figure 12.8.2 shows the conversion operation in the repeat sweep mode.
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12.8 Repeat sweep mode

Trigger occur

Conversion result -
CConvert input voltage from ANo pin) d A-D register 0

i —\ Conversion result i
CConvert input voltage from AN1 pm) ﬁ A-D register 1

) ¢ — Conversion result - -
CConvert input voltage from ANi pln) ﬁ A-D register i

Fig. 12.8.2 Conversion operation in repeat sweep mode
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12.9 Precautions for A-D converter

12.9 Precautions for A-D converter

1. Writing to the following must be performed before a trigger occurs (while the A-D converter halts).

eEach bit (except bit 6) of the A-D control register
*Each bit of the A-D sweep pin select register

. When an external trigger is selected, the AN7/ADrc pin is disconnected from the comparator. Therefore,
this pin cannot be used as an analog input pin.

When the ANz pin is selected as an analog input pin while an external trigger is selected, the A-D
converter operates, however, an undefined value is stored into the A-D register 7.

3. Refer to “Appendix. 8 Countermeasure against noise” when using the A-D converter.
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DMA CONTROLLER

13.1 Overview

13.1 Overview

The DMA controller (hereafter called DMAC) transfers data using the bus and bypassing the CPU. DMAC
of the M37721 provides four independent channels of DMAO-DMAS3, which have the same function each.
In this chapter, the source and destination of each DMA transfer are represented as follows.

e Memory

A device which needs its own address to be specified
Examples: Internal RAM and SFRs, external memory, and memory-mapped 1/Os

e |/O

A device which does not need its own address to be specified
Example: External I/O devices

13.1.1 Performance overview
Table 13.1.1 lists the performance overview.

Table 13.1.1 DMAC

erformance overview

Item

Performance specifications

Number of channels

4 channels

Transfer space

16 Mbytes (between arbitrary spaces)

Number of transfer
bytes

Maximum of 16 Mbytes

DMA request source

Internal 14 sources and External 1 source

Channel priority

Fixed or Rotating

Transfer rate

Maximum of 12.5 Mbytes/sec (at f(Xin) = 25 MHz, 1-bus cycle transfer)
Maximum of 6.25 Mbytes/sec (at f(Xin) = 25 MHz, 2-bus cycle transfer)

Data transfer
method

1-bus cycle or 2-bus cycle transfer

Transfer unit

8 or 16 bits

Address direction of
transfer

Fixed, Forward, or Backward
(Directions of source and destination are independently selectable.)

Transfer mode

Burst transfer or Cycle-steal transfer mode

Continuous transfer
mode

Single transfer, Repeat transfer, Array chain transfer, or Link array chain transfer
mode

13-2
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13.1 Overview

13.1.2 Bus use priority levels
The bus use priority levels are fixed by hardware as follows:

DRAMC > Hold function > DMAC > CPU
(DRAM refresh)

Because DMAC has the third priority, it actually operates as follows:
« When DRAM refresh request or Hold request is generated during DMA transfer

After the transfer of one transfer unit (8-bit or 16-bit data), which is being performed at that time, is
complete, DMAC relinquishes the bus to a DRAM refresh or a Hold function.

When DMAC regains the right to use bus after the DRAM refresh ends or the Hold state is removed,
DMA transfer is restarted at the following address.

* When DMA request is generated during DRAM refresh or in Hold state

DMAC gains the right to use bus after the DRAM refresh ends or the Hold state is removed.

* When DMA request is generated while CPU uses bus

Upon end of the bus cycle, DMAC gains the right to use bus if any DRAM refresh request or Hold
request is not generated at that time.

If a DRAM refresh request or a Hold request is generated when the bus cycle ends, DMAC gains
the right to use bus after the DRAM refresh ends or the Hold state is removed.

For details, refer to section “13.2.1 Bus access control circuit” and bus request sampling signals in
timing diagrams.

13.1.3 Modes
DMAC has the following transfer methods and modes. Because these methods and modes are independent
each other, any combination between them is selectable.

(1)

(2)

Data transfer method

m 2-bus cycle transfer
This is a method used to transfer data between memories. A DMA transfer consumes 2 cycles: a
read and a write cycle of data.
For details, refer to section “13.4.1 2-bus cycle transfer.”

m 1-bus cycle transfer
This is a method used to transfer data between a memory and an 1/O. A read and write of data
is carried out at the same time (in 1-bus cycle), so that high-speed transfer can be accomplished.
For details, refer to section “13.4.2 1-bus cycle transfer.”

Transfer unit

m 8-bit transfer
A minimum unit of DMA transfer is 8 bits; that is, an 8-bit data is transferred for one DMA request
in the cycle-steal transfer mode.
In the burst transfer mode, if a DRAM refresh request or a Hold request is generated during DMA
transfer, or if TC input is driven from “H” to “L” to force DMA transfer into termination, DMAC
relinquishes the bus after completion of 8-bit data transfer which is being performed at that time.

m 16-bit transfer
A minimum unit of DMA transfer is 16 bits; that is, a 16-bit data is transferred for one DMA request
in the cycle-steal transfer mode.
In the burst transfer mode, if a DRAM refresh request or a Hold request is generated during DMA
transfer, or if TC input is driven from “H” to “L” to force DMA transfer into termination, DMAC
relinquishes the bus after completion of 16-bit data transfer which is being performed at that time.
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13.1 Overview

(3) Transfer modes
m Burst transfer mode

When once a DMA request is accepted in this mode, an entire batch of data is transferred. Neither
is the right to use bus returned to the CPU, nor the DMA request of the channel with the higher
priority is accepted until the transfer is complete. However, if an external source (DMAREQI) is
selected as a DMA request source with the level sense selected, DMA transfer is performed when
the DMAREQI pin’s input level is “L,” and the right to use bus is returned to the CPU when the
DMAREQI pin’s input level is “H.” Even in this case, any DMA request of the other channels is not
accepted until the entire batch of data has been transferred.

For details, refer to section “13.4.3 Burst transfer mode.”

Cycle-steal transfer mode

For each DMA request, 1 transfer unit of data is transferred. (Hereafter, transferring 1-transfer-unit
data, which is 8-bit or 16-bit data in the M37721, is called “1-unit transfer.”)

When 1-unit transfer is complete and another DMA request (including that of other channels) is not
generated, the DMAC relinquishes the right to use bus to the CPU.

In the cycle-steal transfer mode, all of the DMA request sources are available.

For details, refer to section “13.4.4 Cycle-steal transfer mode.”

Figure 13.1.1 shows the outline of the DMA transfer modes.

m Burst transfer mode (Edge sense)

DMAI request is accepted.
v

Righttousebus  CPU | | DMAI || cpu
(Transfer of entire batch of data)

m Burst transfer mode (External source (DMAREQI), level sense)

DMAREQi input |

Righttousebus ~ CPU | | DMA || cpu | [ DMAI

m Cycle-steal transfer mode _
DMAO request is accepted.

DMAO request is accepted. DMAL1 request is accepted.
N

A Y Y
Righttousebus  CPU | |DMAO| [CPU| | DMAO|DMAL| | CPU

(One transfer unit) (One transfer unit)  (One transfer unit)

Fig. 13.1.1 Outline of DMA transfer modes
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13.1 Overview

Continuous transfer mode

Single transfer mode
1 block of data is transferred once.
For details, refer to section “13.5 Single transfer mode.”

Repeat transfer mode
1 block of data is transferred repeatedly.
For details, refer to section “13.6 Repeat transfer mode.”

Array chain transfer mode

Several blocks of data are transferred.

The transfer parameters (transfer source and destination addresses, the number of transfer bytes)
of each block must be located on the memory in series.

For details, refer to section “13.7 Array chain transfer mode.”

Link array chain transfer mode

Several blocks of data are transferred.

Transfer parameters for each block can be located on the memory in separate, in a unit of 1-
block’s parameters.

For details, refer to section “13.8 Link array chain transfer mode.”
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13.2 Block description

13.2 Block description

Figures 13.2.1 and 13.2.2 show the DMAC block diagrams, and relevant registers are described below.

Transfer counter register 0 (TCRO0)

Transfer counter register 1 (TCR1)

Transfer counter register 2 (TCR2)

S Address bus S
Incrementer/Decrementer
Source address register 0 (SARO0)
Destination address register 0 (DARQ)
Source address register 1 (SAR1)
Decrementer |<):'_ Destination address register 1 (DAR1)

Source address register 2 (SAR2)

Destination address register 2 (DAR2)

Source address register 3 (SAR3)

@@@@@@@@@

ARV

Transfer counter register 3 (TCR3) Destination address register 3 (DAR3)

X
| DMA latch high-order | DMA latch low- order
4 Z
N j
L
\/ N2
g_ Data bus (Even) S
v
g Data bus (Odd) g
[ Microcomputer’s internal bus
[—1: DMAC's internal bus
Fig. 13.2.1 DMAC block diagram (1)
DRAMC DRAM refresh BIU
BUS REQUEST (DRAMC .
— request
Hold function
HOLDo— Hold request BUS REQUEST (Hold)
DMAC
Array state
Channel 0
_ c —sTo
DMAREQO © § 2‘8 Bus access
?i?w?:rlig 8_ £ g control circuit -
Timer Al g2 E%
: 'uxc;% 3% BUS REQUEST
‘ | 2 c2 (DMAC)
! c O
5%
| Channel 1 02 =
] -
5 DMAACKO
Channel 2 S DMAACK1
25 _
EX DMAACK2
|Channe|3 § 2 DMAACK3
o

Fig. 13.2.2 DMAC block diagram (2)
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13.2 Block description

13.2.1 Bus access control circuit

In the M37721, the bus is used by DRAMC, Hold function, DMAC, and CPU.

When each request of DRAM refresh, Hold, and DMA is generated, each of DRAMC, Hold function, and
DMAC issues its bus request to the bus access control circuit in DMAC. (Refer to “Figure 13.2.2.” )
Table 13.2.1 lists the bus request generating sources.

Table 13.2.1 Bus request generating sources

Bus request Bus request generating source
BUS REQUEST DRAM refresh request
(DRAMC) (Generated by an underflow of the refresh timer.)
BUS REQUEST Hold request
(Hold) (Generated by “L"-level input to the HOLD pin.)
BUS REQUEST DMA request
(DMAC) (Generated by a DMA request source.)

The bus access control circuit relinquishes the right to use bus to the function with the highest priority
among functions, which issue bus requests when the BUS REQUEST signal is sampled. This is the bus
request acceptance. If any bus request is not generated at bus request sampling, the CPU gains the right
to use bus.

The bus use priority levels are fixed by hardware, and the bus status is reported by status signal outputs
STO and ST1. Table 13.2.2 lists the relationship between the bus use priority level, bus status, and status
signals.

Table 13.2.2 Relationship between bus use priority level, bus status, and status signals

Bus use Bus status Status signals
priority level ST1 STO
1 (Highest) DRAM refresh 0 0
2 Hold 0 1
3 DMAC 1 0
4 (Lowest) CPU (Including the term while the CPU does not use the bus; for 1 1

example, the term when the CPU is calculating and does not use
the bus)

7721 Group User’'s Manual 13-7



DMA CONTROLLER

13.2 Block description

The BUS REQUEST signal is sampled at a break in bus use. Table 13.2.3 and Figure 13.2.3 shows the
timings of bus request sampling. Also, bus request sampling signals are shown in them.

Table 13.2.3 Bus request sampling timing

Bus user Bus request sampling timing
DRAM refresh After completion of a DRAM refresh cycle
Hold Every 1 cycle of ¢
DMAC |[S/R All except the following After completion of 1-unit transfer
(Note 1) [At the end of each block After 1-unit transfer and terminate-processing (3 cycles
of ¢) etc. are performed sequentially
Array/ All except the following After completion of 1-unit transfer
Link At the end of each block m During transfer in burst transfer mode
(Note 1) |(except the last block) After the last 1-unit transfer of 1 block, the subsequent

3 cycles of @ and a read of the first 2 bytes in the
array state of the next block are performed sequentially
m During transfer in cycle-steal transfer mode
After the last 1-unit transfer of 1 block and the
subsequent 3 cycles of gare performed sequentially
At the end of the last block  |After 1-unit transfer and terminate-processing (3 cycles
of ¢) are performed sequentially
At an array state After a read of 2 bytes of a transfer parameter
CPU When an instruction is After completion of 1 bus cycle
fetched into queue buffer
At a read from or a write into |After completion of 1 bus cycle, or after completion of
memory the second bus cycle if a 16-bit data is accessed in a
unit of 8 bits (Note 2).
While CPU does not use bus |Every 1 cycle of ¢

Notes 1: S = Single transfer mode, R = Repeat transfer mode, Array = Array chain transfer mode, Link
= Link array chain transfer mode
2: This applies when the data bus width is 8 bits or when memory is accessed starting at an odd
address.

If a DRAM refresh request or a Hold request is generated during a data transfer in the burst transfer mode,
the request is accepted at the above-mentioned bus request sampling. Another DMA request (including that
of other channels) cannot be accepted until the DMA transfer which is in progress normally terminates or
is forced into termination.

If a DRAM refresh request, a Hold request or another DMA request (including that of other channels) is
generated during a data transfer in the cycle-steal transfer mode, the bus request with the highest priority
is accepted at the above-mentioned bus request sampling. (If only several DMA requests are generated,
the request of the channel whose priority is highest is accepted.)

If any bus request is not generated at the above-mentioned bus sampling, the right to use bus is relinquished
to the CPU.

Note that no DMA request is accepted in array states.
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m DRAM refresh

@ This is the term in which the bus is not

Refresh request

used so that sampingis performed every
1 cycle of ¢.

@ Sampling is performed after completion of
arefresh cycle.

BUS REQUEST(DRAMC)

Bus request sampling

® Sampling is performed after completion of
1bus cycle.

[
X ©.0) X@

@ This is the term in which the bus is not

used so that sampling is performed every
1 cycle of ¢.

ST, STO [ @y
j ' 1 l | ' ]
| » Refresh | ' Busgszd by : ' Refresh
Transition of right Transition of right Transition of right Transition of right
to use bus to use bus to use bus to use bus
m Hold
o
— H - -
E : :
HOLD :

BUS REQUEST (Hold)

I

Bus request sampling

ST1, STO on_ X ©9 X @ ] b ©.0 X @D
1 i 1 : 1 ' : H i
: - B — ]
! | Hold state | | 'Bus used by | i Hold state | » |
Transition of right Transition of right CPU  Transition of right Transition of right
to use bus to use bus to use bus to use bus

m DMA transfer

@ This is the term in which the bus is not

DMAREQI

DMAI request bit

BUS REQUEST (DMAC)

used so that sampling is performed every
1 cycle of ¢.

@ Sampling is performed after completion of
1-unit transfer.

Bus request sampling

@

3 : ® Sampling is performed after completion of
I_—'_'—I—i_i_ 1 bus cycle.

ST1, STO

o X @y

D
 DMA transfer : '

Transition of right
to use bus

Transition of right
to use bus

The above applies on the following conditions:
*Cycle-steal transfer mode

*DMA request source = external request (DMAREQI)
+1-bus cycle transfer

*No Wait

m CPU
o ML
3 T T N

1 1 '@ | '@
Bus request sampling ;

ST1, STO (1. 1)
] Bus used by CPU H

When access  When 16-bit data is accessed
is complete in in a unit of 8 bits
1 bus cycle

' Bus used ' DMAtransfer i
by CPU Transition of right
to use bus

Transition of right
to use bus

@ This is the term in which the bus is not
used so that sampling is performed every
1 cycle of ¢.

@ Sampling is performed after completion of
1 bus cycle.

@ 16-hit data is accessed in a unit of 8 bits,
so that sampling is performed after
completion of the second bus cycle.

Fig. 13.2.3 Timing of bus request sampling
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13.2.2 DMAC control register L
Figure 13.2.4 shows the structure of DMAC control register L. Bit 0 is described in section “13.3.3 Channel
priority levels,” and bits 4-7 are also in section “13.3.2 DMA requests.”

(1) TC pin validity bit (Bit 1)
When this bit is set to “1,” port P10s functions as the TC pin. The TC pin is of an N-channel open-
drain type and provides the following functions:

e Terminal count signal output
When the transfer of an entire batch of data is normally terminated, the pin outputs “L” for 1
cycle of @ (Refer to section “13.3.5 (1) Normal termination.” )

e Forced termination signal input
When the TC pin’s input level goes from “H” to “L” during DMA transfer, this DMA transfer is forced
into termination. (Refer to section “13.3.5 (2) Forced termination.” )

b7 b6 b5 b4 b3 b2 bl b0

DMAC control register L (Address 6816)

Bit Bit name Functions Atreset | RW

N 0 Priority select bit 0 : Fixed 0 RW
I 1 : Rotating

(P10s pin functions as a

programmable 1/O port (CMOS).)
1: Valid —

(P10s pin functions as TC pin (N-

E R 1 TC pin validity bit 0 : Invalid 0 RW
E channel open-drain).)

[ 3,2 Nothing is assigned. Undefined| —
e L EECE L 4 DMAO request bit 0 : No request 0 RW
E. ................... 5 DMAL1 request bit 1 Requested (Note 1) 0 RW
R L CCLCTTEEPEEEEEEEE, 6 DMA2 request bit 0 RW
RPN 7 DMA3 request bit 0 RW

Notes 1: The state of bits 4 to 7 is not changed when writing “1” to these bits.
2: « When writing to this register while any of DMAI enable bits (bits 4 to 7 at address
6916) is “1,” use the LDM or STA instruction in m flag = “1.” When DMAI request bit
(bits 4 to 7 at address 6816) must not be changed, set DMAI request bit to “1.”

« When writing to this register while all of DMAI enable bits (bits 4 to 7 at address 691s)
are “0,” m flag may be “0” or “1.” Use the LDM or STA instruction for writing to this
register. When DMAI request bit (bits 4 to 7 at address 681s) must not be changed,
set DMAI request bit to “1.”

Fig. 13.2.4 Structure of DMAC control register L
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13.2.3 DMAC control register H
Figure 13.2.5 shows the structure of DMAC control register H. Each of bits 0-3 is a software DMAI (i =
0 to 3) request bit, which corresponds to each channel. When a software DMA source is selected as a DMA
request source, each of these bits is valid. (Refer to “13.3.2 DMA requests.”) Bits 4—7 are described in
section “13.3.1 DMA enabling.”

b7 b6 b5 b4 b3 b2 bl bO

| I I I I I I I | DMAC control register H (Address 6916)
A Bit Bit name Functions Atreset | RW
o E e Software DMAO request bit 1 : DMA request 0 WO
- (Valid when software DMA source
R 1 Software DMA1 request bit is selected.) 0 WO
Voo The value is “0” at reading.
e 2 Software DMA2 request bit 0 WO
E , ' B EREREEE 3 Software DMA3 request bit 0 WO
R AGGREEE 4 | DMAO enable bit 0 : Disabled o | rw
P 1: Enabled
Vo) Tmmmmmmmmmmmmmmmmmes 5 DMAL1 enable bit 0 RW
T GOEEEEEEEEPEEEERY 6 | DMA2 enable bit o | rw
B e e memmm—as 7 DMA3 enable bit 0 RW

Note: When any of bits 4 to 7 is set to “1,” use the CLB or SEB instruction for writing to this
register.

Fig. 13.2.5 Structure of DMAC control register H
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13.2.4 Source address register i (SARI)
Source address register i (hereafter called SARI) is a 24-bit register with a latch.
SARI indicates the transfer source address of the data to be transferred next.
The SARI latch has the following functions:
» Maintains the value written to the address of SARI (in the single transfer and repeat transfer modes).
* Indicates the start address of the transfer parameter memory of the next block (in the array chain
transfer and link array chain transfer modes).
When a value is written into the address of SARI, the same value is written into SARi and the SARI latch.
When writing a value to the address of SARI, all 24 bits must be written.
The contents of SARi can be read by reading the address of SARI; however, the value of the SARI latch
cannot be read. (Refer to “Tables 13.2.4 and 13.2.5.” )

13.2.5 Destination address register i (DARI)

Destination address register i (hereafter called DARI) is a 24-bit register with a latch.

DARI indicates the transfer destination address of the data to be transferred next.

The DARI latch maintains the value written to the address of DARI.

When a value is written into the address of DARI, the same value is written into DARi and the DARI latch.
When writing a value to the address of DARI, all 24 bits must be written.

The contents of DARI can be read by reading the address of DARI; however, the value of the DARI latch
cannot be read. (Refer to “Tables 13.2.4 and 13.2.5." )

13.2.6 Transfer counter register i (TCRIi)
Transfer counter register i (hereafter called TCRi) is a 24-bit register with a latch.
TCRIi indicates the number of remaining bytes of the block under transfer.
The TCRIi latch has the following functions:
» Maintains the value written to the address of TCRi (in the single transfer and repeat transfer modes).
* Indicates the number of remaining blocks (in the array chain transfer mode).
When a value is written into the address of TCRIi, the same value is written into TCRi and the TCRi latch.
When writing a value to the address of TCRIi, all 24 bits must be written.
The contents of TCRi can be read by reading the address of TCRi; however, the value of the TCRi latch
cannot be read. (Refer to “Tables 13.2.4 and 13.2.5.” )

Table 13.2.4 Addresses of SARi, DARIi, and TCRi

Channel Source address register i Destination address Transfer counter register i
(SARI) register i (DARI) (TCRI)
0 1FC216—1FCO0a1s 1FC616—1FC416 1FCA16—1FC8is
1 1FD216—1FD01s 1FD61s—1FD416 1FDA1—1FD81s
2 1FE216—~1FEOQ1s 1FE6G1—1FE41s 1FEA16—1FES8¢
3 1FF216—1FFO016 1FF616—1FF41s6 1FFA1—1FF8is
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Table 13.2.5 Functions of SARIi, DARIi, and TCRi

Mode | Single transfer mode Repeat transfer mode | Array chain transfer Link array chain
Register mode transfer mode
SARi |SARi Indicates the transfer source address of the data to be transferred next.
SARI latch | Maintains the transfer start address of the | Indicates the start address of the transfer
source. parameter memory of the next block.
DARi |DARI Indicates the transfer destination address of the data next to be transferred
DARI latch | Maintains the transfer start address of the (Not used) (Not used)
destination.
TCRi |TCRi Indicates the number of remaining bytes of the block under transfer.
TCRi latch | Maintains the byte number of the transfer|Indicates the number| (Not used) (Note)
data. of remaining blocks.

Note: Any value other than 0 (000001:1s—FFFFFF16) must be written before DAM transfer.

13.2.7 Incrementer/Decrementer

The incrementer/decrementer is a 24-bit register. After every 1-unit transfer, that increments (adds) or
decrements (subtract) the contents of SARi and DARI.

Table 13.2.6 lists the increment/decrement values.

Table 13.2.6 Increment/Decrement values

. Address directions
Transfer unit
Forward Backward
8 bits +1 -1
16 bits + 2 -2

13.2.8 Decrementer

The decrementer is a 24-bit register. After every 1-unit transfer, that decrements the contents of TCRi by
1 when the transfer unit is 8 bits, and by 2 when 16 bits.

In the array chain transfer mode, every time a transfer parameter is read, the contents of the TCRi latch
are also decremented by 1.

13.2.9 DMA latch

The DMA latch is a 16-bit latch.

In 2-bus cycle transfer mode, the DMA latch maintains the value read from the transfer source memory with
a read cycle until this value is written into the transfer destination memory.

In 1-bus cycle transfer mode, the DMA latch is used to copy data. For copy, refer to section “13.4.2 1-bus
cycle transfer.”

7721 Group User's Manual 13-13



DMA CONTROLLER

13.2 Block description

13.2.10 DMAI mode register L

Figure 13.2.6 shows the structure of DMAI mode register L. For bit 0, refer to section “13.1.3 (2) Transfer
unit.” For bit 1, refer to section “13.4.1 2-bus cycle transfer” and section “13.4.2 1-bus cycle transfer” ;
for bit 2, refer to section “13.4.3 Burst transfer mode” and section “13.4.4 Cycle-steal transfer mode.”

(1) Transfer source address direction select bits (bits 4 and 5) and Transfer destination address
direction select bits (bits 6 and 7)
Address direction means an order of accessing memory in DMA transfer and is defined as follows:
» Fixed direction: an address does not move.
» Forward direction: an address moves upward from the specified start address.
» Backward direction: an address moves downward from the specified start address.
For details, refer to section “13.4.1 (3) Address directions in 2-bus cycle transfer” and section
“13.4.2 (3) Address directions in 1-bus cycle transfer.”

b7 b6 b5 ba b3 b2 bl bo DMAO mode register L (Address 1FCCas)
DMA1 mode register L (Address 1FDCze)

| | | | | 0| | | | DMA2 mode register L (Address 1FECae)
I DMA3 mode register L (Address 1FFCie)
Bit Bit name Functions Atreset | RW
T - 0 Number-of-unit-transfer-bits 0 : 16 bits 0 RW
R R select bit (Note) 1 : 8 bits
R EEE L L LT 1 Transfer method select bit 0 : 2-bus cycle transfer 0 RW
A T T 1: 1-bus cycle transfer
Poror o il 2 | Transfer mode select bit 0 : Burst transfer mode 0 RW
T 1 : Cycle-steal transfer mode
A S REEEEEE 3 | Fix this bit to “0.” o | rw
R 4 | Transfer source address bSb4 0 RW
o direction select bits 00: Fixed
o 01: Forward
Nl R e e mememeceaoo- 5 1 0: Backward 0 RW
P 11 : Do not select.
E L e e eaes 6 Transfer destination address %786_ Fixed 0 RW
E direction select bits 01 - Forward
e e e 7 10 : Backward 0 RW

11: Do not select.
Note: When the external data bus has a width of 8 bits and 1-bus cycle transfer is selected, set
bit 0 to “1.”

Fig. 13.2.6 Structure of DMAI mode register L
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13.2.11 DMAI mode register H

Figure 13.2.7 shows the structure of DMAiI mode register H. Bits 0 and 1 are used in 1-bus cycle transfer.
For details, refer to section “13.4.2 1-bus cycle transfer.” Bits 6 and 7 are the bits for selecting the
continuous transfer mode. For details, refer to section “13.5 Single transfer mode” through section “13.8
Link array chain transfer mode.”

(1) Transfer source wait bit and Transfer destination wait bit (bits 4 and 5)
When each of these bits is set to “1,” 1-bus cycle in a DMA transfer consumes 3 cycles of ¢, and
when cleared to “0,” 2 cycles of ¢.
These bits are valid for the internal and external areas. In the DRAM area, however, 1-bus cycle
consumes 3 cycles of ¢ regardless of the states of these bits. (Refer to “CHAPTER 14. DRAM
CONTROLLER.")

The wait bit (bit 2 at address 5Eus) is invalid in DMA transfer. However, Ready function is still valid
in DMA transfer.

DMAO mode register H (Address 1FCDzis)
DMA1 mode register H (Address 1FDDais)
| | 0| 0 | | | DMA2 mode register H (Address 1FEDis)

DMA3 mode register H (Address 1FFDaie)

E : : : : : Bit Bit name Functions Atreset | RW
I T R S 0 | Transfer direction select bit 0 : From memory to /O 0 RW
- (Used in 1-bus cycle transfer)(Note 1)| 1 : From 1/O to memory

. ' Ll 1 1/0 connection select bit Refer to below. 0 RW
e (Valid in 1-bus cycle transfer)

E : : : : B ERDEEEEE 2 Fix these bits to “0.” 0 RW
SRR E R 3 0 RW
- b s 4 Transfer source wait bit (Note 2) | 0 : Wait 0 RW
o Transier destiran — 1 : No Wait

o ransfer destination wait bi

Voo TTTTTTTTTmmmTTmmm T 5 (Note 2) 0 RW
i 6 Continuous transfer mode select [ b7b6 0 RW
i bits 00 : Single transfer

! 0 1: Repeat transfer

L e 7 10 : Array chain transfer 0 RW

11 : Link array chain transfer

Notes 1: Set bit 0 to “0” in 2-bus cycle transfer.
2: Bits 4 and 5 are valid to the external and internal areas. However, DRAM area is
always handled with “Wait” regardless of the contents of these bits.
The wait bit (bit 2 at address 5Eus) is invalid in DMA transfer.

Setting for 1/0 connection select bit

Transfer method External data bus width 1/0 connection Setting for 1/O connection select bit
2-bus cycle transfer — — It may be either “0” or “1.”
1-bus cycle transfer 8 bits Do-D7 0

16 bits Do—D1s 0
(16-bit 1/0 O 1 or 8-bit I/0 O 2)
Do—-D7 0
(8-bit 1/0)
Ds—D1s 1
(8-bit 1/0)

Fig. 13.2.7 Structure of DMAI mode register H
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13.2.12 DMAI control register
Figure 13.2.8 shows the structure of the DMAI control register. For bits 0—4, refer to section “13.3.2
(1) DMA request sources.”

(1) DMAACKI validity bit (bit 5)
When this bit is set to “1,” the corresponding pin of port P9 serves as the DMAACK:i pin and
outputs “L” during a DMA transfer. For details, refer to each timing diagram of section “13.5
Single transfer mode” through section “13.8 Link array chain transfer mode.”

b7 b6 b5 b4 b3 b2 bl ho DMAO control register (Address 1FCEzs)
DMAL1 control register (Address 1FDEzs)
| | DMAZ2 control register (Address 1FEEis)

DMAZ3 control register (Address 1FFEzs)

Bit Bit name Functions Atreset | RW

. (Note) 0000 : Do not select.

: 000 1: External source (DMAREQ)I)
. 001 0: Software DMA source

. 0011:Timer AO

(R 1 0100 : Timer Al 0 RW
: 0101:Timer A2
: 0110:Timer A3
: 0111:Timer A4
R 2 1000: Timer BO 0 RW
1001:TimerB1
1010: Timer B2

101 1:UARTO receive
1100:UARTO transmit
R EEEE 3 1101 :UARTI1 receive 0 RW
. 1110:UART1 transmit
. 1111:A-Dconversion

HE-E 0 DMA request source select bits | b3b2bibo 0 RW

------------------ 4 | Edge sense/Level sense select | O : Edge sense (Falling edge) 0 RW
bit (Used when external source | 1:Level sense (“L” level)
and burst transfer mode are
selected) (Note)

e 5 DMAACKI validity bit 0 : Invalid (The pin functions as a 0 RW
programmable 1/O port.)

1: Valid
(The pin functions as DMAACK:i.)

............................ 7,6 | Nothing is assigned. Undefined —

Note: When a certain source other than an external source is selected by bits 0 to 3 or when
the cycle-steal transfer mode is selected, set bit 4 to “0.”
Level sense can be selected only when both of the external source and the burst
transfer mode are selected.

Fig. 13.2.8 Structure of DMAI control register
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13.2.13 DMAI interrupt control register
Figure 13.2.9 shows the structure of the DMAI interrupt control register. For details about interrupts, refer
to “CHAPTER 7. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bO
DMAI interrupt control register (i = 0 to 3) (Addresses 6Ci6 to 6F16)

Bit Bit name Functions Atreset| RW
R T R T R R Int t priority level b2 b1 b0 )

L 0 srélteerétjgitgnon yieve 000: Level O (Interrupt disabled) 0 RW
A 001:Levell  Low level
A 010:Level 2

e httr 1 011:Level3 0 RW
R B 100:Level 4

A 101:Level5

R T T R 110:Level 6

A 2 111:Level7  Highlevel 0 RW
E Vo s 3 | Interrupt request bit 0 : No interrupt requested 0 RW
' . 1 : Interrupt requested

L EE EE TP T 7 to 4 | Nothing is assigned. Undefined| —

Fig. 13.2.9 Structure of DMAI interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select a DMAI interrupt’s priority level. When using DMAI interrupts, select one of the
priority levels (1 to 7). When a DMAI interrupt request occurs, its priority level is compared with the
processor interrupt priority level (IPL). The requested interrupt is enabled only when its priority level
is higher than the IPL. (However, this applies when the interrupt disable flag (I) = “0.”)
To disable DMAI interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when a DMAI interrupt request occurs after the DMA transfer is complete. This
bit is automatically cleared to “0” when the DMAI interrupt request is accepted. This bit can be set
to “1” or cleared to “0” by software.
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13.2.14 Port P9 direction register

I/0 pins of DMAI are multiplexed with port P9. When using these pins as the DMAREQI input pins, set the
corresponding bits of the port P9 direction register to “0” to set these port pins for the input mode. When
using these pins as the DMAACKi output pins, these pins are forcibly set to the DMAACKi output pins
regardless of the direction register’s contents. Figure 13.2.10 shows the relationship between the port P9

direction register and DMAI's 1/O pins.

b7 b6 b5 b4 b3 b2 bl bO

Port P9 direction register (Address 15zs)

Bit Corresponding pin

E E E E E E Functions Atreset| RW
E E P A 0 | DMAACKO pin 0 : Input mode 0 RW
ol — 1: Output mode

A 1 DMAREQO pin 0 RW
E : E b ] When using pins P91, P93, P95 and

A 2 DMAACK1 pin P97 as DMAREQI input pins,set the RW
R 3 DMAREQ pin corresponding bits to “0.” 0 RW
T CGGGCCETEEEEEEE 4 | DMAACK2 pin 0 RW
E L eemeeeeeeeeeaas 5 DMAREQ2 pin 0 RW
S 6 DMAACK3 pin 0 RW
Sy 7 DMAREQ3 pin 0 RW

Fig. 13.2.10 Relationship between port P9 direction register and DMAI’'s 1/O pins

[Precautions for DMAC]

Do not access the registers relevant to DMAC by using DMA transfers; the address of the accessing register

collides with that of the accessed one on the DMAC internal bus.

13-18 7721 Group User’s Manual




DMA CONTROLLER
13.3 Control

13.3 Control

The conditions for performing DMA transfer of DMAI (i = 0-3) are as follows:

* Neither a DRAM refresh request nor a Hold request is generated.

* A request of the channel with a higher priority than that of DMAI is not generated; or the request is
disabled though it has been generated.

* DMAI is enabled (DMAIi enable bit = “1").

« A DMAI request is generated (DMAI request bit = “17).

The control method for each channel is described below.

13.3.1 DMA enabling
Each of DMA channels 0-3 has a DMAI enable bit (bits 4-7 at address 69i6). Table 13.3.1 lists the

conditions for changing each DMAI enable bit.

Table 13.3.1 Conditions for changing DMAI enable bit

DMAI enable bit Conditions for bit change
Is set to “1.” A write of “1” to the DMAI enable bit
Is cleared to “0.” « A write of “0” to the DMAI enable bit

» Transfer of an entire batch of data is complete (normal termination).
» A change of TC input level from “H” to “L” during a DMA transfer of DMAI (Note)
(Forced termination, when TC pin is valid.)

Note: In the burst transfer mode (level sense), however, the term from the DMA transfer start until the
transfer completion of an entire batch of data is applied. (It is also valid while the CPU has the right
to use bus.)
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13.3.2 DMA requests
(1) DMA request sources
DMA request sources are specified by the DMA request source select bits and the edge sense/level
sense select bit. (Refer to “Figure 13.2.8.” )
Table 13.3.2 lists the conditions for generating a DMA request.

Table 13.3.2 Conditions for generating DMA request

DMA request sources

Condition for generating DMA request

External source

Level sense

“L"-level input to the DMAREQIi pin (only in the burst transfer mode)

DMAREQi

Edge sense

Change of the DMAREQi input pin’s level from “H” to “L”

Software DMAI request

A write of “1” to the software DMAI request bit (each of bits 0—3 at address 69:s;
refer to “Figure 13.2.5.” )

Timers A0-A4,
Timers B0-B2,
UARTO, UARTL,
A-D converter

When the interrupt request bit of each peripheral is set to “1” by the activity of
peripherals (If “1” is written to any of these interrupt request bits by software,
the DMAI request bit does not change. Also, whatever value within 0-7 an
interrupt priority level takes, this does not affect DMA requests.)

(2) Change of DMAI request bit
A read of the DMAI request bits (each of bits 4—7 at address 6816) indicates whether the corresponding
channel (0-3) is generating its DMA request or not. The DMAI request bit changes synchronized with
the falling edge of @. Table 13.3.3 lists the conditions for changing the DMAI request bit.

For the timing of changing the DMAI request bit, refer to “Figures 13.3.2 and 13.3.3.”

Table 13.3.3 Conditions for changing DMAI request bit

, Mode Burst transfer mode
DMA Cycle-steal transfer mode
request bit Edge sense Level sense
Is set to “1.” Generation of DMAI request|Generation of DMAi request | Generation of DMAI request
(Note) (Refer to “Table 13.3.2." ) [(“L”-level input to the |(Refer to “Table 13.3.2.")
DMAREQI pin)
Is cleared to “0.”| * Normal terminaition « “H”-level input to the|* Start of 1-unit transfer
* Change of the TC pin's input|  FyAREQT pin « Change of the TC pin’s input

level from “H "to “L" during
DMA transfer (when the TC
pin is valid)

« Change of the TC pin’s input
level from “H” to “L” (when
the TC pin is valid)

« A write of “0” to the DMAI
request bit

« A write of “0” to the DMAI
enable bit

level from “H” to “L” during
DMA transfer (when the TC
pin is valid)

* A write of “0” to the DMAI
request bit

* A write of “0” to the DMAI
enable bit

Note: While the DMAI enable bit is “0,” the DMAI request bit is not set to “1” even if a DMA request is
generated. When the DMAI enable bit is cleared to “0,” also the DMAI request bit is cleared to “0.”
However, the DMA request generated while the DMAI enable bit = “0” is maintained; and when the
DMAI enable bit is set to “1,” the DMAI request bit is also set to “1,” except for the burst transfer mode
(level sense).
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13.3.3 Channel priority levels

When the DMA enable bits of several channels are “1” and their DMA request bits are set to “1,” the
request of the channel with the highest priority is accepted first.

The fixed or rotating channel priority can be selected by the priority select bit (bit 0 at address 6816). The
priority levels themselves cannot be specified arbitrary.

The channel priority levels are determined after the DMA requests are determined.

1)

(2

Fixed priority

The fixed priority is selected when the priority select bit (bit 0 at address 681s) = “0.”
In the fixed priority, the channel priority levels are as follows:

channel 0 > channel 1 > channel 2 > channel 3.

Rotating priority

The rotating priority is selected when the priority select bit = “1.”

After reset, the priority levels are the same descending order as in the fixed priority:

channel 0 > channel 1 > channel 2 > channel 3.

Then, after every normal termination of a DMA transfer, the priority levels rotate in such a way that
the lowest priority is given to the channel having been performed.

When DMA transfer is forced into termination, the channel priority levels does not rotate.

Figure 13.3.1 shows an example of determining the channel priority levels.
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e Priority level: Fixed priority

Bus requestsampling [ | [ [ [ [ [T 1T LTI
DMAO request bit Eﬁ#": 7 Eff’: % E?”’: = :
A BRI}

DMA2 request bit Eé’: }?ﬁ F’: : : =] ! !
DMA3 request bit EE?’: : },;ﬂ V: : : : : =

Channel priority level
:0>1>2>3

channey o e a2 T o alafuomd o2 3]s o]3]

Priority level: Rotating priority

DMAO request bit E?’ﬂ Fi?,,ﬁj Ex éﬂ :
DMAL request bit j&”"ﬂ [E??" ,‘.ﬂ f-"? i :
DMA2 request bit j:?’ ﬂ % : ,;;1

DMAS3 request bit ! ! E?/ ‘_d:j : E;// ,;ﬂ

Channel priority level
o N w o N o o = w o N o
\% \Y \% \ Vv \ \" \ \% \ \ \
= w o P w = - N o = w [
v v v v v v Y v v v v v
N o = N o N N w [l N o N
\Y \Y \% \ Vv \ \" \" \% \ \ \
w = N w = w w o N w = w

DMA transfer execution -

channel [ 1] 2]3[ 2] 3 Joonngf 0] 2] 3[]21]3]3]|

The above timing diagram applies on the following conditions:
* No DRAM refresh request, no Hold request
* All of DMAI enable bits are “1.”

Fig. 13.3.1 Example of determining channel priority levels
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13.3.4 Processing from DMA request until DMA transfer execution

DMA requests are sampled at every falling edge of ¢; when requested, the DMAI request bit is set to “1.”
Then, the channel priority levels and bus use priority levels are determined, and BUS REQUEST (DMAC)
goes “1” if any DRAM refresh request or Hold request is not generated (Note).

BUS REQUEST (DMAC) signal is sampled while the bus request sampling signal is “1” and is accepted
(DMA request acceptance).

Figure 13.3.2 shows an example of timing from the determination of a DMA request until the DMA transfer
execution.

Refer to section “13.9 DMA transfer time” for the time from DMA request generation until the CPU’s
regaining the right to use bus via DMA transfer.

Note: In the following cases, BUS REQUEST (DMAC) does not go “1.” However, the DMAI request bit
remains set to “1.” Accordingly, after completion of each state, the channel priority levels and bus
use priority levels are determined, and BUS REQUEST (DMAC) goes “1” if any DRAM refresh
request or Hold request is not generated.

e When a DMA request is generated during a burst transfer or in an array state
(However, if a DRAM refresh request or Hold request is generated during this term, its BUS
REQUEST goes “1.")

e When a DMA request is not accepted with a DRAM refresh request or Hold request generated
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. _ Transition of right
When DMAI request is to use bus

sampled at this point 1-unit transfer !

-

' [0: Channel priority level determination and bus
|

! Read cycle 1 Write cycl
e YOG e oy use priority level determination (1.5 cycles of ¢)

w o
e T L L
G I s R N

,PGXSARX Data X DARX Data X:

Address/Data

Address E XPCX SAR X DAR ><:
g :
DMAI enable bit E

DMAREQI '

® When Burst transfer mode (edge sense) selected
@ When Burst transfer mode (level sense) selected
® When Cycle-steal transfer mode selected

DMAI request bit ®

@

" |
S— |
BUS REQUEST(DMAC)

Bus request sampling

DMAACKI

—_ H
TC

STO

ST1 | ;
T

DMAI interrupt
request bit

The above timing diagram applies on the following conditions:

« Single transfer mode, or Repeat transfer mode

« 2-bus cycle transfer

* No Wait -

* DMAACK:i valid, TC valid

« External source (DMAREQI)

« After DMAI request occurs (“L” is input to the DMAREQI pin.), the right to use bus is relinquished to DMAC
at the shortest time.

Fig. 13.3.2 Example of timing from determination of DMA request until DMA transfer execution
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13.3.5 Termination of DMA transfer
As the methods of terminating DMA transfer, normal and forced termination are used.

(1) Normal termination
All of the DMAI transfers terminate and DMAC stops. This method is used in the single transfer, array
chain transfer, and link array chain transfer modes. In the repeat transfer mode, however, normal
termination cannot be applied to terminating transfer; then, forced termination must be used. (Refer
to “(2) Forced termination”  of this section.)
Table 13.3.4 lists the states of DMAC at normal termination.

Table 13.3.4 States of DMAC at normal termination

Iltem State
DMAI interrupt request bit 1
DMAI request bit In the burst transfer mode (edge sense): 0

In the burst transfer mode (level sense): not changed
In the cycle-steal transfer mode: not changed (Note)

DMAI enable bit 0
TC output Outputs “L” (when the TC pin is valid)
Channel priority levels Rotating (when the rotating priority is selected)

Note: In the cycle-steal transfer mode, the DMAI request bit is cleared to “0” when a DMA request is
accepted. This bit is does not change at normal termination.

At normal termination, the CPU regains the right to use bus after the terminate processing (3 cycles
of ¢) via the transition of the right to use bus (1 cycle of ¢). Figure 13.3.3 shows a timing example
at normal termination.
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Transition of
right to use bus
' Terminate processing I

ninlnlinl

ALE

=

RIW

_
Address :X SA
_X

Address/Data

DMAI enable bit

DMAI request bit ® l ® When Burst transfer mode (edge sense) selected

@ When Burst transfer mode (level sense) selected
® When Cycle-steal transfer mode selected

(6)

BUS REQUEST (DMAC)

Bus request sampling

DMAACKIi

i

ST1

STO

DMAI interrupt request

bit

The above timing diagram applies on the following conditions:

* DMAACK:i valid, TC valid
 External source (DMAREQI)

Fig. 13.3.3 Timing example at normal termination
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(2) Forced termination
The methods of terminating DMAC other than normal termination are as follows:
* Drives the TC pin’s input level from “H” to “L” during a DMA transfer (when the TC pin is valid).
* Writes “0” to the DMAI enable bit.
Table 13.3.5 lists the states of DMAC at forced termination.

Table 13.3.5 States of DMAC at forced termination

Item State
DMAI interrupt request bit Not changed.
DMAI request bit 0
DMAIi enable bit 0
TC output Not changed.
Channel priority levels Not changed.

When the TC pin is used for forced termination, select “TC pin valid” (bit 1 at address 681 = “1").

Forced termination by the TC input is valid in the following cases:

* During a DMA transfer in the burst transfer mode (edge sense)

e During the term from the DMA transfer start until the transfer completion of an entire batch of
data in the burst transfer mode with the level sense selected. (It is also valid while the CPU has
the right to use bus).

* During a DMA transfer in the cycle-steal transfer mode (Forced termination by the TC input is
invalid while the CPU has the right to use bus.)

The TC pin’s input is determined at the falling edge of g, and DMAC will relinquish the right to use
bus to the CPU upon completion of the 1-unit transfer under execution at that time.

At the forced termination by the DMAI enable bit, “0” is written to this bit at the rising edge of E of
a write cycle to the DMAI enable bit. Accordingly, DMAI is disabled after this write.
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13.3.6 DMA transfer restart after termination

(1) Restarting the same DMA transfer as the previous one from the beginning
At normal and forced termination, the latches of SARi, DARIi, and TCRi maintain their values written
before the transfer start. (Refer to “Figure 13.3.4-a.” ) Therefore, DMA transfer must be restarted
according to the following procedures:
e In single or repeat transfer mode

Set the DMAI enable bit to “1.” It is not necessary to re-set the values of SARIi, DARI, and TCRIi

by software. (Refer to “Figure 13.3.4-b.” )

e In array chain or link array chain transfer mode

® Re-set the values of SARi and TCRi.

@ Set the DMAI enable bit to “1.”

(2) Restarting transfer of data subsequent to one which has been transferred just before forced
termination
When reading values at the addresses of SARi, DARI, and TCRi after forced termination, the values
of these registers (counters) can be read. These read values are the transfer source address, the
transfer destination address which were to be transferred subsequently, and the number of remaining
bytes.
When writing these read values to the addresses of SARIi, DARI, and TCRi respectively, the same
values are also written to their latches. When setting the DMAI enable bit to “1” under this condition,
transfer of data subsequent to one which has been transferred just before forced termination is
restarted. (Refer to “Figure 13.3.4-c.” )
e In single transfer mode

The remaining data can be transferred by the following procedure:

® Read the values at addresses of SARi, DARi and TCRi. Then, rewrite these values into these
addresses.

@ Set the DMAI enable bit to “1.”

e In repeat transfer, array chain transfer, and link array chain transfer modes

The remaining data of the block that was interrupted by forced termination can be transferred by

the following procedure:

@® Switch over the current mode to the single transfer mode.

@ Read the values at addresses of SARi, DARi and TCRi. Then, rewrite these values into these
addresses.

® Set the DMAI enable bit to “1.” (Refer to “Figure 13.3.4-c.” )

@ In order to transfer the next block, switch over the current mode to the previous mode after the
above-mentioned transfer is normally terminated. Then, re-set the values of SARi, DARI, and
TCRI.

In the array chain or the link array chain transfer mode, information such as the next transfer
parameters etc. cannot be read from each latch.
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a. State at forced termination

Latch

Previously written values

Register

Addresses which were to be
transferred subsequently or the
number of remaining bytes

b. When setting DMAI enable bit to “1” without rewriting values at addresses of SARi, DARI, and TCRi

Latch

Previously written values

Register

Addresses which were to be
transferred subsequently or the
number of remaining bytes

A value read from each latch is used by hardware only at the first 1-unit transfer.
The contents updated by the incrementer/decrementer and the decrementer are loaded in each register.
Values are used by reading them from registers at the second and the following 1-unit transfers.

@  Transfer source/destination address is specified.
—m= Contents are updated by incrementer/decrementer and
decrementer.

@ Updated contents are written.

c. When reading values at addresses of SARIi, DARI, and TCRi after forced termination and rewriting them

Latch

Previously written values

B

@ Written by software

Register

Addresses which were to be
transferred subsequently or the
number of remaining bytes

EE— -

Addresses which were to be
transferred subsequently or the
number of remaining bytes

@® Read by software

Fig.13.3.4 States of SARi, DARIi, TCRi after forced termination
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13.4 Operation

Operation of 1-unit transfer varies according to the data transfer method (2-bus cycle or 1-bus cycle transfer).
In addition, how many units of transfer data are transferred for a DMA request varies according to the
transfer mode (burst transfer or cycle-steal transfer mode).

These data transfer methods and modes are described below.

13.4.1 2-bus cycle transfer

When the transfer method select bit (Refer to “Figure 13.2.6.” ) = “0,” 2-bus cycle transfer is selected. 2-
bus cycle transfer is the method used to transfer data between memories. Since this method has a read
and a write cycle, it consumes a minimum of 2 bus cycles for 1-unit transfer.

Figure 13.4.1 shows an example of connecting external memories in 2-bus cycle transfer.

M37721

Address bus

N\ N\ N\ N

Data bus Ds—Dis
Data bus Do—-D7

>
<
x o
«—
<

~ - ~ 4 =
m = 6 = m o 6 D
< N} Q < = >
@ > Q_ > @ %8 Q_ o
S22 | |73 338 | B35
@ o) @ Joi} o
83 = g3 = 238 a3g
534 25¢ g3 & 288
o< ¢ D< & o< 3 D<l S
8 3 3 3 g = 5 =2
£ o ~ o £ 3 ~ 8
E T 1 T T
BHE
BLE
R/W

Note. The external circuit such as an address latch is disregarded.

Fig. 13.4.1 Example of connecting external memories in 2-bus cycle transfer
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(1) Register operation in 2-bus cycle transfer

Figure 13.4.2 shows a basic operation of registers for 1-unit transfer in 2-bus cycle transfer.
For register values to be specified, refer to section “13.5 Single transfer mode” through
section “13.8 Link array chain transfer mode.” It is because that these values vary according

to continuous transfer modes.

In 2-bus cycle transfer, the data read at a read cycle is maintained temporarily in the DMA

latch, and the contents of this latch are written to a memory at a write cycle.

(1) Read cycle
DMAC Memory

- @ Transfer source address is specified by SARi
SAR__ = (Note)
SARi latch TR—— & @ Contents of TCRi are updated by decrementer
Decrementer (Transfer (Note) ; when value read from TCRi is “0,” transfer
DARI source) of 1 data block is terminated.
- ® Contents of SARi are updated by incrementer/
DARi latch decrementer.
® A - @ Data is read from memory and maintained in DMA
TCRi H| Decrementer latch.
TCRi latch ®

(Transfer

DMA latch destination)

(2) Write cycle

DMAC Memory
SARI ® Transfer destination address is specified by DARI
- (Note).
SARilatch | — ® Contents of DARI are updated by incrementer/
ncrementer
Decrementer (Transfer decrementer. _
DARI L — % source) @ Contents of DMA latch are written to memory.
DARi latch \
TCRi | Decrementer | © T T
TCRi latch
) (Transfer
DMAlatch |—_ | —"]| destination)

00 When the transfer unit is 16 bits

» When an even address is accessed with 16-bit external data bus width, data can be read or written at 1-bus
cycle. Accordingly, the incrementer/decrementer and the decrementer increment or decrement by 2, and
sequences @ through @ are performed once.

» When an odd address is accessed with 16-bit external data bus width or when 8 bits is used as external data
bus width, data is read or written at 2-bus cycles, and sequences ® through @ or ® through @ are repeated
twice. The incrementer/decrementer and the decrementer increment or decrement by 1 every time sequences
@ through @ or ® through @ are performed once.

Note: In the single transfer mode and repeat transfer mode, only at the first transfer of the block, the values read
from SARIi latch, DARI latch, and TCRi latch are used. (The results obtained by increment or decrement are
written to SARI, DARI, and TCRi. Except for the first transfer of the block, the values read from SARI, DARI,
and TCRi are used.)

Fig. 13.4.2 Basic operation of registers for 1-unit transfer in 2-bus cycle transfer
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(2) Bus operation in 2-bus cycle transfer
The time required for 1-unit transfer in 2-bus cycle transfer is given by the following formula:
Transfer time per 1-unit transfer = (Read cycle) + (Write cycle)
Since any area can be specified as a transfer source or a transfer destination, a read cycle varies
with the conditions of a transfer source, and a write cycle with that of a transfer destination.
Table 13.4.1 lists the time required for a read or write cycle per 1-unit transfer in 2-bus cycle transfer,
and Figure 13.4.3 shows the bus-cycle operation waveforms in 2-bus cycle transfer.

Table 13.4.1 Time required for a read or write cycle per 1-unit transfer in 2-bus cycle transfer

External Transfer Address directions | pata’s start Read/Write cycle (Unit: ¢ cycle)
bus width | unit address | Formula | No Wait | With Wait | DRAM area
16 bits 16 bits Fixed/Forward Even 1+ 2 (a) 3 (d)
(including Odd 2 + 2 4 (c) 6 (f)
internal Backward Even 2 + 2i 4 (c) 6 (f)
bus) 0dd 2+ 3 (b) 4(e) |4 (e) (Note)
8 bits Fixed/Forward/| Even/Odd | 1 + i 2 (a) 3 (d)
Backward
8 bits 16 bits Fixed/Forward/| Even/Odd 2 + 2i 4 (c) 6 (f)
Backward
8 bits Fixed/Forward/| Even/Odd 1+ 2 (a) 3 (d)
Backward

Address directions: Refer to section “13.4.1 (3) Address directions in 2-bus cycle transfer.”

i: Aterm of E = “L” in 1-bus cycle; i = 1 at “No Wait”, and i = 2 at “With Wait” or “DRAM area”.
When Ready function is used (Refer to section “3.3 Ready function.” ), the number of cycles extended
by Ready must be added.

(): Indicates the corresponding waveform in Figure 13.4.3.

Note: When a transfer destination applies to this condition, 2-bus cycle transfer cannot be performed. When
a transfer source applies to this condition and a transfer destination is in the DRAM area, 2-bus cycle
transfer cannot also be performed.
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Internal clock ¢
A/D

E
(@<
ALE

A/D

m|

(b)<
ALE

A/ID

m|

(c) <

ALE

A/D
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(d)<
ALE

A/D
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()
ALE

A/ID

m|

()
ALE

iXAX DXAiliXDX:

L] V_

I

N AX_ o X

)( AX D XAz D )(:
o

A: Address, D : Data
[¢&———»| : Read or write term per 1-unit transfer

Fig. 13.4.3 Bus-cycle operation waveforms in 2-bus cycle transfer
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(3) Address directions in 2-bus cycle transfer
In 2-bus cycle transfer, the address direction of a transfer source and that of a transfer destination
each can be selected independently. (Refer to “Figure 13.2.6.” ) Addresses move in the specified
direction by the transfer unit. Tables 13.4.2 through 13.4.4 list address directions in 2-bus cycle
transfer and examples of transfer result.

Tables 13.4.2 Address directions in 2-bus cycle transfer and examples of transfer result (1)

External data bus width : 16 bits or 8 bits
Address direction
Transfer unit : 16 bits Transfer unit : 8 bits
Data arrangement Data arrangement on | Data arrangement Data arrangement on
Tsrggrsgzr dl;%:isift?(;n on transfer source SzraSes;‘zL transfer destination | on transfer source Szral?‘:rf]i; transfer destination
memory q memory (transfer result) memory a memory (transfer result)
Fixed Fixed
O Low order Low order | O U Data > Data U
Data —— }——>{|Data —
High order High order,
Fixed Forward
U Low order ® Low order| O Data O
Data — Data — ©)
High order High order ® Data
S ®
Low order Data
@™ |Data — O Data @
High order Data
ig S
Low order Data
Data —
High order Data
Fixed Backward
O
Low order ® Low order ® Data
Data — Data —
High order ® High order, ® Data
Low order @ Data
® ||Pata —— 0 Data ®
High order, Data
@)
Low order @ Data
Data —
High order| O Data O

O : Transfer start address
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Tables 13.4.3 Address directions in 2-bus cycle transfer and examples of transfer result (2)

Address direction

External data bus width : 16 bits or 8 bits

Transfer unit : 16 bits

Transfer unit : 8 bits

Data arrangement Data arrangement on | Data arrangement Data arrangement on
Tsrgﬂfggr dgg?irrlzft?orn on transfer source SET:’L%; transfer destination | on transfer source eraJ]:rf::re transfer destination
memory q memory (transfer result) memory q memory (transfer result)
Forward Fixed
O|  Loworder o) Low order | ] O| Datal K®
Datal — ——> 1Da§a
High order @ High order Data 2 @
Low order Data 3 ®
Data 2 — @ Data 1-6 |O
High order Data 4
g ®
Low order Data 5 ®
Data 3 —
High order Data 6
Forward | Forward
0| Loworder ® Low order | [0 g| Datal © 5 Datal |g
Data 1 — > | Data 1—
High order High order Data 2 CEEN Data 2
Low order ® Low order Data 3 © 5| Data3
Data 2 — > | Data2— o
High order High order Data 4 > Data4
Low order ® Low order Data 5 © Data 5
Data 3 — > | Data 3— ®
High order High order Data 6 > Data 6
Forward | Backward
O} Low order Low order 0| Datal \g@ Data 6
Data 1 — Data 3 —
High order| |\ @ High order Data2 @ Data 5
Low order | | @ Low order pata3 & Data 4
Data 2 —] Data 2 — @
High order High order Data4 |5 Data 3
Low order | |/ @ Low order Data5 [® Data 2
Data 3 — Datal —
High order High order O Data 6 Data 1 0
Note: The position relationship between low-
order byte and high-order byte is not
reversed.
O : Transfer start address
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Tables 13.4.4 Address directions in 2-bus cycle transfer and examples of transfer result (3)

Address direction

External data bus width : 16 bits or 8 bits

Transfer unit : 16 bits

Transfer unit : 8 bits

Transfer | Transfer Data arrangement Transfer Data arrangement on | Data arrangement Transfer Data arrangement on
source | destination | ©" transfer source sequence transfer destination | on transfer source sequence transfer destination
memory q memory (transfer result) memory q memory (transfer result)
Backward i
Fixed Low order D Low order | _ Data 6 ®
® ata
Data 3 — —=——> —
¢ 1-3
High order ® High order Data 5 ®
Low order ® Data 4 @ \
Data 2 — ® 7| Datal-6 | O
High order Data 3 A
@)
Low order Data 2 ©)
Data 1 —
O High order 0 Data 1
Backward | Forward
Low order Low order | Data 6 ® Data 1 0O
Data 3 — Data 1 —
High order | \& High order Data5 & Data 2
Low order | | Low order Data4 £ Data 3
Data 2 — > | Data 2 — ®
High order High order Data 3 Data 4
Low order | | /® Low order Data 2 Data 5
Data 1 — Data 3 —
O0 High order High order O Data 1 Data 6
Backward | Backward ®
Low order Low order >
Data 6 >l Data6
Data 3 — © ., Data 3 —
High order High order Data 5 © >  Data’s
Low order ® Low order Data 4 © > Data4
Data 2 — > | Data 2 — ®
High order High order Data 3 >l Data3
@
Low order ® Low order Data 2 >  Data 2
Data 1 — > | Data 1 —— @
High order High order | O 0| Datal >| Datal d

O : Transfer start address
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[Precautions for 2-bus cycle transfer]
When the 16-bit external data bus width = 16 bits and the transfer unit = 16 bits under the following
conditions, 2-bus cycle transfer cannot be performed. (Refer to “Table 13.4.1.” )

» Conditions for transfer destination

Transfer destination = DRAM area, Address direction = Backward, Data’s start address = Odd
address

» Conditions for transfer source and destination
Transfer source = DRAM area, Address direction = Backward, Data’s start address = Odd address
Transfer destination = DRAM area
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13.4.2 1-bus cycle transfer

When the transfer method select bit (Refer to “Figure 13.2.6.” ) = “1,” 1-bus cycle transfer is selected.
1-bus cycle transfer is the method used to transfer data between a memory and an 1/O. In this method,
a read and write of 1-tansfer-unit data are simultaneously performed during 1-bus cycle. The address bus,
BHE, BLE, and R/W indicate the states of memory.

Figure 13.4.4 shows an example of connecting external memories and 1/Os in 1-bus cycle transfer.

M37721

Address bus
N\ \

Data bus (Ds—Dz15)

Data bus (Do—D7) f I
v vy %
T 2
% % ‘% § I/0 I/0
=3 =35
%~< \%~<
3 1 1 1 )
BHE
BLE
RIW
DMAACKIi
DMAREQi

Note. The external circuit such as an address latch is disregarded.

Fig. 13.4.4 Example of connecting external memories and 1/Os in 1-bus cycle transfer
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In 1-bus cycle transfer, the following considerations must be taken in designing the system:

» Achieve the condition that 1-transfer-unit data can be accessed in 1-bus cycle. (Refer to “Table

13.4.5.")

» Specify the transfer address direction and 1/O connections. (Refer to “Figure 13.2.7." )

« Compose the read and write signal generating circuit externally. (These signals are for 1/0s.)
The M37721 outputs signals to the memory. Accordingly, make sure to compose the circuit which
generates write signals for 1/0Os when the M37721 outputs read signals; which generates read
signals for 1/0s when the M37721 outputs write signals. Figure 13.4.5 shows an example of the
circuit generating a write signal and a read signal for 1/Os.

M37721 1/O
Generating circuit for read and write signals to 1/0s
R | s
DMAACKI — W Read
E ZD)—‘9 Write
77777777777777777777777777777777777777777 DMA
acknowledge
DMAREQI DMA request

Fig. 13.4.5 Example of circuit generating write signal and read signal for 1/0Os
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(1) Register operation in 1-bus cycle transfer

Figure 13.4.6 shows a basic operation of registers for 1-unit transfer in 1-bus cycle transfer. For
register values to be specified, refer to section “13.5 Single transfer mode”
It is because these values vary depending on each continuous
transfer mode. In 1-bus cycle transfer, a read and write of 1-transfer-unit data are simultaneously

Link array chain transfer mode.”

performed during 1-bus cycle.

e When transferring from memory to I/O

DMAC

SARI |
SARi latch é\ ®

Incrementer/

Decrementer
DARI
DARI latch

@)

TCRI H| Decrementer
TCRIi latch

DMA latch

DMAACKIi

Memory

(Transfer
source)

I/10

e When transferring from 1/0 to memory

DMAC

SARI
SARiI latch

Incrementer/

Decrementer
DARi ® o7

% |
DAR:I latch
- ©) ®
TCRIi H| Decrementer |
TCRIi latch
@

DMA latch

DMAACKIi

(Transfer
destination)

Memory

(Transfer
destination)

I/0

(Transfer
source)

@ Transfer source address is specified by SARiI
(Note).

@ Contents of TCRi are updated by decrementer
(Note); when value read from TCRi is “0,” transfer
of 1 data block is terminated.

® Contents of SARI are updated by incrementer/
decrementer.

@ 1/0 is specified by DMAACKI.

® Data is output from memory and is written to I/O
simultaneously (R/W = H level).

@ Transfer source address is specified by DARI (Note).
@ Contents of TCRi are updated by decrementer (Note);
when value read from TCRi is “0,” transfer of 1 data

block is terminated.

® Contents of DARI are updated by incrementer/
decrementer.

@ 1/0 is specified by DMAACKI.

® Data is output from 1/O and is written to memory
simultaneously (R/W = L level).

0 When the transfer unit is 16 bits, the incrementer/decrementer and the decrementer increment or decrement by 2.

Note: In the single transfer mode and repeat transfer mode, only at the first transfer of the block, the values read

from SARI latch, DARI latch, and TCRi latch are used. (The results obtained by increment or decrement are
written to SARI, DARI, and TCRi. Except for the first transfer of the block, the values read from SARI, DARI,

and TCRi are used.)

Fig. 13.4.6 Basic operation of registers for 1-unit transfer in 1-bus cycle transfer
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(2) Bus operation in 1-bus cycle transfer

The time required for 1-unit transfer in 1-bus cycle transfer is given by the following formulas:

e Transfer from memory to 1/0: Transfer time per 1l-unit transfer = (Read cycle of memory)

» Transfer from 1/O to memory: Transfer time per 1-unit transfer = (Write cycle of memory)
In 1-bus cycle transfer, 1-transfer-unit data is accessed in 1-bus cycle, so that limitations are imposed
on the transfer conditions to be applied. Table 13.4.5 lists the conditions of 1-bus cycle transfer and
the transfer time per 1-unit transfer, and Figure 13.4.7 shows the bus-cycle operation waveforms in
1-bus cycle transfer.

Table 13.4.5 Conditions of 1-bus cycle transfer and Transfer time per 1l-unit transfer

External Transfer Address directions | pata’s start Read/Write cycle (Unit: ¢ cycle)
bus width unit address Formula No Wait | With Wait | DRAM area
16 bits 16 bits Fixed/Forward Even 1+ 2 (a) 3 (c)
(including Odd
internal Backward Even
bus) Odd 2+ 3 (b) 4 (d)

8 bits Fixed/Forward/| Even/Odd 1+ 2 (a) 3 (c)
Backward
8 bits 16 bits Fixed/Forward/| Even/Odd
Backward
8 bits Fixed/Forward/| Even/Odd 1+ 2 (a) 3 (c)
Backward

Address directions: Refer to section “13.4.2 (3) Address directions in 1-bus cycle transfer.”
There is no address direction on the I/O side.
i: A term of E = ‘L" in 1-bus cycle; i = 1 at “No Wait”, and i = 2 at “With Wait” or “DRAM area”.

), the number of cycles extended

When Ready function is used (Refer to section “3.3 Ready function.”

by Ready must be added.

(): Indicates the corresponding waveform in Figure 13.4.7.

[ 1-bus cycle transfer cannot be performed.

When the external data bus width = 16 bits and the transfer unit = 8 bits are selected, the data bus
which the memory uses and the data bus to which I/O is connected may be different. In such a case,
data is copied from the data bus of a transfer source to that of a transfer destination by using the
DMA latch. For the combination that data copy may occur, data copy delay time tawatay must be taken
into consideration.

Table 13.4.6 lists the data flows on the data bus in 1-bus cycle transfer, and Table 13.4.7 lists the
outputs of the address bus, the data bus, and the bus control signals in 1-bus cycle transfer.
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Internal clock ¢
wo TYAXDX

E |

@ : o
we L
e
AID XA XA D X
o | I

ALE | [ ]

AID X AX D X:
(© E —| B
ALE ]

AD iXAXA—lX D )(:

E

(d)

ALE i []

A : Address, D : Data
|«— | : Transfer term per 1-unit transfer

Fig. 13.4.7 Bus-cycle operation waveforms in 1-bus cycle transfer
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Table 13.4.6 Data flows on data bus in 1-bus cycle transfer

External data I/0 Transfer | ReadMiite address Data flow
bus width | connection unit of memory
M37721
Data bus Data bus Ds—Dis
Do—D7 Even address ~
16 bits and | 16 bits and i l Data bus Do-D7
Ds—D15 Odd address
Memory [ | Memory 1/0 1/0
M37721
Data bus Ds—D1s
Even address |L “ Data bus Do—D~
Memory | | Memory 110
. Data bus .
16 bits Do—D7 8 bits M37721
Data bus Ds—Dis
(Note) Data bus Do-D7
Odd address R'
Memory [ | Memory 110
Note: Data is copied from data bus Do—D7 to Ds—D15 or from data bus Ds—D1s to
Do—D7 in the M37721's DMAC. Note the data copy delay time td(data).
M37721
Data bus Ds—D1s
(Note) ﬂ | Data bus Do—D~
Even address
Memory [ | Memory 1/0
Note: Data is copied from data bus Do—D7 to Ds—D1s or from data bus De—D1s to
Data bus Do-Dr7 in the M37721's DMAC. Note the data copy delay time td(data).
16 bits | "o p,s | 8bits
M37721
Data bus Ds—Dis
Y
Data bus Do-D~
Odd address
Memory | | Memory 110
M37721
_ Data bus _ Even address
8 hits Do—D~ 8 bits and Data bus Do-D7

Odd address

L

Memory

i

110

Note: When the memory is the internal memory or SFR, the above case for external data bus width = 16 bits
applies.
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Table 13.4.7 Outputs of address bus, data bus, and bus control signals in 1-bus cycle transfer

Output of address bus, data bus, and bus control signals
External /O Transfer Read/Write Transferred from memory to I/O | Transferred from 1/O to memory
data bus . , address of | —
width /connection unit memory E
_ H
RIW
L
e e (T S | ()
address ‘__ Cdaa__ address
g adress | Awoo-seor (RIS (e
. — . al ress address " __ _data__ address
16 bits Do-Dr7 16 bits
and and BHE
Ds—D15 Odd address L L
BLE
L L
i . .
As/Ds—A15/D15 < Trar;s:::s“rce X Invalid data> < Transfégzzgna“unx Invalid data>
s (Y S | (g
EVen address \___data__ address
H H
address 0=
BHE
BLE
. L L
16 bits Dgta I:t;us 8 bits [ [ .
— i ! \
oD s () o | (S )
Transfer source \/_ ¥ ot
g | Ausonesor (T
address ==
BHE
L L
H H
BLE
Transfer source Even address Transfer destination \__ _ _ _ _ _ _ _ _
As/Dg—A15/D15 address data [ Copy
T N - 7
Even A16/Do—A23/D7 \ _ “Copy Tfa"Sf:df :{ZZIS'"&“O" 1/0 data
H H
address BHE
Data bus BLE L L
16 bits Ds—D1s 8bits —m™WF— \
As/Ds-A15/D15 9dd addressdatd | (AT e
odd A16/Do—A23/D7 < Tra’;ﬂs:ess"s“mex Invalid dala> Tonsirdestinaton X Invalid data
address
BHE L L
H H
BLE
Even
8 bits Data bus 8 bits address Ag—A15 < Transfer source address > < Transfer destination address >
Do-D7 and E— ST \ —
Odd address| "¥/PoA=ID? Pra o) e
7 When the memory is the internal memory or SFR, data is output. When the memory is the external
””””” memory, it enters a floating state.
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(3) Address directions in 1-bus cycle transfer
In 1-bus cycle transfer, the transfer source and destination address directions of memory are selectable.
(Refer to “Figure 13.2.6.” ) Addresses move in the specified direction by the transfer unit.

Tables 13.4.8 and 13.4.9 list address directions in 1-bus cycle transfer and examples of transfer
results.

Table 13.4.8 Address directions in 1-bus cycle transfer and examples of transfer results (1)

Address direction

External data bus width : 16 bits

External data bus width : 16 bits or 8 bits

Transfer unit : 16 bits

Transfer unit : 8 bits

Transfer | Transfer | Data arrangement . Data arrangement Tr s
ansfer
source | destination| on transfer source Transfer | Transfer destination on transfer source sequence Transfer destination
sequence /0 q le}
memory I/0 memory memory
Fixed —
Ul Low order Low order, ] Data > Data
Data — Data ——
High order High order
Forward —
Low order O b LtOW order 0| Datal K@
Datal — —— | 7 a3a —
High order High order Data?2 N2
Low order Data3 [ N
Data2 — @ | Data 1-6
High order Data 4 /r
®
Low order Data5 [®
Data 3 —
High order Data 6
Backward —
Low order
Low order Data 6
Data3 —| 2 5 ?aéa — ®
High orde Q " High order Data 5 ®
Low order Data 4 @ 3\
Data 2 — ® Data 1-6
High order Data 3 ® 1
Low order Data 2
Data 1 —
High order 0 Data 1

O : Transfer start
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Table 13.4.9 Address directions in 1-bus cycle transfer and examples of transfer results (2)

External data bus width : 16 bits External data bus width : 16 bits or 8 bits
Address direction
Transfer unit : 16 bits Transfer unit : 8 bits
Transfer | Transfer Data arrangement on Data arrangement on
source |destination| Transfersource | Transfer | yancterdestination | Transfer source | Transfer | yancter degtination
/O memory 11O SeQUENCE| memory (transfer result) 110 SEQUENCE memory (transfer result)
— Fixed
Low order Low order | U O/ Data >» Data |U
Data — Data ——
High order High order
— Forward
Low order @ Low order | O Data 0
Data — Data — ©)
High order @) High order Data
® Low order Data
Data — Data ®
High order Data
®
Low order ® Data
Data
High order Data
— Backward
Low order Low order Data
Data — © Data — ©
High order ® High order % Data
Low order @ Data
@ Data — Data ®
High order Data
9 ®
Low order @ Data
Data —
High order| O Data O

0 : Transfer start
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[Precautions for 1-bus cycle transfer]

1. The area that overlaps with internal RAM and SFRs must not be assigned to an external memory.
When the contents in the overlapped area are read, the data of internal RAM or SFRs and that of external
memory are simultaneously placed on the data bus; and they collide with each other.

2. For the system that transfers data with 16-bit external data bus width from an external memory to an
8-bit 1/0, the external memory must be composed to be read in a unit of 8 bits.
If the external memory cannot be read in a unit of 8 bits, the data read from the external memory at data
copy collides with the copied data on the data bus.

3. Under the following conditions, 1-bus cycle transfer cannot be performed. (Refer to “Table 13.4.5." ):

e External data bus width = 16 bits, Transfer unit = 16 bits, Address direction of memory = Fixed or
Forward, Data’s start address of memory = Odd

e External data bus width = 16 bits, Transfer unit = 16 bits, Address direction of memory = Backward,
Data’s start address of memory = Even

e External data bus width = 16 bits, Transfer unit = 16 bits, Target memory of DMA transfer = DRAM
area, Address direction of memory = Backward, Data’s start address of memory = Odd

e External data bus width = 8 bits, Transfer unit = 16 bits
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13.4.3 Burst transfer mode
The burst transfer mode can operate in either edge sense or level sense mode.

(1)

(2)

Burst transfer mode (edge sense)
When the transfer mode select bit = “0” and the edge sense/level sense select bit = “0,” this mode
is selected. (Refer to “Figures 13.2.6 and 13.2.8.” )

In this mode, all of the DMA request sources are available.

Figure 13.4.8 shows a transfer example in the burst transfer mode (edge sense).

When once a DMA request is accepted in this mode, an entire batch of data is transferred: the right
to use bus is not returned to the CPU until the transfer is complete.

During a burst transfer, any DMA request (including that of other channels) cannot be accepted.
However, the BUS REQUEST signal is sampled basically at every completion of 1-unit transfer.
(Refer to “Table 13.2.3.” ) When a DRAM refresh request or Hold request is generated at this time,
the right to use bus is not returned to the CPU, and the request is accepted.

When the transfer of an entire batch of data is complete, the DMAC relinquishes the right to use bus
to the CPU. When the next DMA request is generated, the right is once returned to the CPU to
sample the DMA request.

Burst transfer mode (level sense)
When the transfer mode select bit = “0” and the edge sense/level sense select bit = “1 ,” this mode
is selected. (Refer to “Figures 13.2.6 and 13.2.8.” )

In this mode, only the external source is used as a DMA request source. Set the DMA request source
select bits to “0001..” (Refer to “Figure 13.2.8." )

Figure 13.4.9 shows a transfer example in the burst transfer mode (level sense).

When the DMAREQI pin’s input level = “L,” the DMAI request bit is cleared to “0”; when this pin’s input
level = “L,” the DMAI request bit is set to “1.”

Therefore, when the DMAREQI pin’s input level is “L” with the DMAI enable bit = “1,” a DMA transfer
starts. When the DMAREQI pin’s input level goes from “L” to “H,” the right to use bus will be returned
to the CPU at completion of 1-unit transfer under execution at that time. When the DMAREQi pin’s
input level goes “L” again, the DMA transfer restarts at the next address.

Once a DMAI transfer starts, any DMA request (including that of other channels) cannot be accepted,
even if the DMAREQIi pin’s input level is “H,” until the transfer is terminated normally or forcibly.
However, the BUS REQUEST signal is sampled basically at every completion of 1-unit transfer.
(Refer to “Table 13.2.3.” ) When a DRAM refresh request or Hold request is generated at this time,
the right to use bus is not returned to the CPU, and the request is accepted.

When the transfer of an entire batch of data is complete, the DMAC relinquishes the right to the CPU.
If the next DMA request is generated, the right is once returned to the CPU to sample the DMA
request.
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DMAREQO ||

DMAO request bit |

«—

DMAO enable bit J ‘_
DMAREQ1 ||
DMAL request bit ]
DMA1 enable bit ] i
DRAM refresh request |_|
Right to use bus CPU | DMA1 [DRAMI pMAL | cPU | DMAO =

>
-

This example applies on the following conditions:
« Both of DMAO and DMAL request sources are external sources.
 Channel priority level: Fixed (Channel O > Channel 1)

Channel 1 Entire data transfer Channel 0 Entire data transfer

Fig. 13.4.8 Transfer example in the burst transfer mode (edge sense)

DMAREQO |

DMAO request bit |

DMADO enable bit J l_

DMAREQ1
DMA1 request bit

This example applies on the following conditions:
¢ Channel priority level: Fixed (Channel 0 > Channel 1)

DMAL1 enable bit J |
DRAM refresh request [ ]
Right to use bus CPU |DMA1| Peﬁi,/ggﬂh| CPU |DMA1| | DMAO cPU
CPU
«— - > < >

Channel 1 Entire data transfer Channel 0 Entire data transfer

Fig. 13.4.9 Transfer example in the burst transfer mode (level sense)
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[Precautions for burst transfer mode]

1. In the burst transfer mode (edge sense), the DMAI request bit is cleared to “0” when the transfer of an
entire batch of data is complete or the transfer is forced into termination. Therefore, another DMA request
of the same channel i is invalid if generated during DMAI transfer.

Transition of right to use bus

1-unit transfer Termination processing (from DMAC to CPU)

o 11

E

<+—>
DMAI request bit is set to “0.”

Fig. 13.4.10 Timing when clearing DMAI request bit to “0” in burst transfer mode

2. Because interrupt priority levels are determined while the CPU fetches an operation code, interrupt
requests are not accepted during a DMA transfer. In the burst transfer mode (edge sense), therefore,
interrupt requests cannot be accepted until the transfer of an entire batch of data is complete or the
transfer is forced into termination.
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13.4.4 Cycle-steal transfer mode
When the transfer mode select bit = “1” and the edge sense/level sense select bit = “0,” this mode is
selected. (Refer to “Figures 13.2.6 and 13.2.8." )

In this mode, all of the DMA request sources are available.

Figure 13.4.11 shows a transfer example in the cycle-steal transfer mode

1-transfer-unit data is transferred for each DMA request.

The BUS REQUEST signal is sampled basically at every completion of 1-unit transfer. (Refer to “Table
13.2.3.") When a DRAM refresh request or Hold request is generated at this time, the right to use bus is
not returned to the CPU, and the request is accepted. When several DMA requests are generated, the
request of the channel which has the highest priority among them is accepted, and DMA transfer is
performed without returning the right to use bus to the CPU. When any request is not generated, the CPU
gains the right.

DMAREQO ||

—1

DMAO request bit

DMAO enable bit J

L]

-

DMAREQL | LT L U
L1

DMAL1 request bit |_|

I

DMAL enable bit J |

DRAM refresh request ’—|

Right to use bus CPU [DMA1/DMAO| ~ CPU  |DMA1|DMAL{DMAO| DRAM [DMA1[cPu

refresh

This example applies on the following conditions:
« Both of DMAO and DMAL request sources are external sources
e Channel priority level: Fixed (Channel 0 > Channel 1)

Fig. 13.4.11 Transfer example in cycle-steal transfer mode
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[Precautions for cycle-steal transfer mode]

1. When DMA transfers of the same channel are continuously performed
In the cycle-steal transfer mode, the DMAI request bit is cleared to “0” in every 1-unit transfer. Also, it
takes 1.5 cycles of ¢ from the generation of a DMA request until that of a BUS REQUEST (DMAC).
Therefore, if another DMA request of the same channel i is generated during a DMAI transfer in the cycle-
steal transfer mode, any one of the following three cases occurs depending on the timing of request
generation:
» The DMA request becomes invalid.
 The DMA transfer continues without returning the right to use bus.
 After returning the right to use bus to the CPU, the DMAC regains the right and restarts the DMA

transfer.

1-unit transfer

A
A4

E

(@)

Bus request
sampling

e
DMAi request bit is cleared to:
“0” during this term.:

™ .
»

» ' |y

DMAI request is invalid  DMA transfers are After returning the right to use bus

even when DMAI request  continuously performed if to CPU, DMAC regains the right and
bit becomes “1.” DMAI request bit becomes “1" restarts DMA transfer if DMAI request

during this term (on condition  bit becomes “1” during this term.

that DMAI request bit

becomes “1” at the timing

satisfying tsu(DRQ — ¢u)).

When a DMAI request is generated at the following timings, it is not in time to the next bus request sampling (0).

Therefore, DMAC returns the right to use bus to the CPU. Then, DMAC regains the right and restarts the DMA transfer.

* Except for the last 1-unit transfer, 1-bus cycle transfer is selected without Wait.

» Except for the last 1-unit transfer, 1-bus cycle transfer is selected with Wait. In addition, a time of 0.5 cycle of @ is
less than tsu(DRQ - ¢1).

Fig. 13.4.12 Conditions for performing DMA transfers of the same channel continuously
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2. When a DMA transfer of another channel is subsequently performed
In the cycle-steal transfer mode, it takes 1.5 cycles of ¢ from the generation of a DMA request until that
of a BUS REQUEST (DMAC).
Therefore, if a DMA request of another channel is generated during a DMAI transfer in the cycle-steal
mode, either one of the following two cases occurs depending on its timing of request generation:
« The DMAC performs the DMA transfer subsequently without returning the right to use bus.
» After returning the right to use bus to the CPU once, the DMAC regains the right and performs the

DMA transfer.

1-unit transfer

mi

()

Bus request
sampling

ol |-
L | Ll

<
DMA transfer is subsequently performed if DMAI After returning the right to use bus to
request bit of another channel becomes “1” during  CPU once, DMAC regains the right and

this term (on condition that DMAI request bit of restarts DMA transfer if DMAI request
another channel becomes “1” at the timing bit of another channel becomes “1”
satisfying tsu(DRQ — ¢u)). during this term.

When a DMA request is generated at the following timing, it is not in time to the next bus request sampling (OJ).
Therefore, DMAC returns the right to use bus to the CPU. Then, the DMAC regains the right and restarts DMA transfer.
« Except for the last 1-unit transfer is selected without Wait. In addition, a time of 0.5 cycle of @ is less than tsuprq - ¢1).

Fig. 13.4.13 Conditions for performing DMA transfers of another channel subsequently
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13.5 Single transfer mode

This mode is used to transfer a block of data once.

Table 13.5.1 lists the specifications of the single transfer mode, and Figure 13.5.1 shows the register
structures of SARI, DARI, and TCRi in this mode.

Table 13.5.1 Specifications of sin

le transfer mode

Item

Performance specifications

Transfer parameter memory

Not required.

Condition of normal termination

TCRi =0

Conditions of forced termination

e Falling edge of the TC pin’s input from “H” to “L”
(when the TC pin validity bit =*1")
e Write “0” to the DMAI enable bit

Interrupt request generation timing

At normal termination

Functions of registers

SARI latch: Indicates the transfer start address of data block at the
transfer source.

SARI: Indicates the address of the next transfer source.

DARI latch: Indicates the transfer start address of data block at the
transfer destination.

DARI: Indicates the address of the next transfer destination.

TCRI latch: Indicates the number of transfer bytes.

TCRI: Indicates the number of remaining transfer bytes.

TC pin validity bit: Bit 1 at address 681
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Source address register 0 (Addresses 1FC216 to 1FCO016) (SARO)
Source address register 1 (Addresses 1FD216 to 1FDO01s) (SAR1)
Source address register 2 (Addresses 1FE216 to 1FEQ16) (SAR2)
Source address register 3 (Addresses 1FF216 to 1FF016) (SAR3)

Bit Functions Atreset | RW

2310 0| [Write]
Set the transfer start address of the source.

These bits can be set to “00000016” to “FFFFFF16.”
[Read]

The read value indicates the source address of data
which is next transferred.

Undefined| RW

Note: When writing to this register, write to all 24 bits.

Destination address register O (Addresses 1FC616 to 1FC416) (DARO)
Destination address register 1 (Addresses 1FD616 to 1FD416) (DAR1)
Destination address register 2 (Addresses 1FE616 to 1FE416) (DAR2)
Destination address register 3 (Addresses 1FF616 to 1FF416) (DAR3)

Bit Functions Atreset| RW

23 to of [Writel] o
Set the transfer start address of the destination.

These bits can be set to “00000016” to “FFFFFF6.”
[Read]

The read value indicates the destination address of
data which is next transferred.

Undefined] RW

b23 b16 bl5 b8 b7 b0

T T T

1 1 1

1 ' '

1 ' '

' i i

i i :

1 1 1

N [
b23 b16 bl5 pg b7 b0

' : '

1 Ll Ll

' ' '

' ' '

' i i

‘ : :

L oo
b23 b1l6 bl5 b8 b7 b0

Note: When writing to this register, write to all 24 bits.

Transfer counter register 0 (Addresses 1FCAz16 to 1FC816) (TCRO)
Transfer counter register 1 (Addresses 1FDA16 to 1FD816) (TCR1)
Transfer counter register 2 (Addresses 1FEA1s to 1FE816) (TCR2)
Transfer counter register 3 (Addresses 1FFAz16 to 1FF816) (TCR3)

Bit Functions Atreset| RW

[Write]
23100 Set the byte number of the transfer data.

These bits can be set to “00000116” to “FFFFFF1s.”
[Read]

The read value indicates remaining byte number of
the transfer data.

Undefined] RW

Note: When writing to this register, write to all 24 bits.

Do not set this register to “0000001s.”

Fig. 13.5.1 Register structures of SARIi, DARI, and TCRi in single transfer mode
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13.5.1 Setting of single transfer mode
Figures 13.5.2 through 13.5.4 show an initial setting example for registers relevant to the single transfer

mode.

In addition, when timer A, timer B, UART, or the A-D converter is selected as a DMA request source, the
setting for the peripheral is required. For details of the setting, refer to the chapter of each peripheral

function.

When a DMAI interrupt is used, the setting for enabling the interrupt is also required. For details, refer to
“CHAPTER 7. INTERRUPTS.”

When external DMA source is selected When internal DMA source is selected

-

b7

Setting port P9 direction register

~

b0

| | | | | | | | |Port P9 direction register (Address 1516)

DMAREQO pin
DMAREQL pin

DMAREQ?2 pin
DMAREQ3 pin

Clear the corresponding bit to “0.”

EEEEEREEDN

Setting interrupt priority level

~

b0
| DMAI interrupt control register (i = 0 to 3)
(Addresses 6Cis to 6F16)

Interrupt priority level select bits

When using interrupts, set these bits to one of
levels 1to 7.

When disabling interrupts, set these bits to
level 0.

v

Continue to “Figure 13.5.3” on next page.

Fig. 13.5.2 Initial setting example for registers relevant to single transfer mode (1)
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From preceding “Figure 13.5.2”

\

b7 b0 DMAO mode register L (Address 1FCCis)
| | | | | 0| | | | DMA1 mode register L (Address 1FDCie)
DMA2 mode register L (Address 1FECzs)
L DMA3 mode register L (Address 1FFCis)
Number-of-unit-transfer-bits select bit
0: 16 bits
1:8 bits

Transfer method select bit

/ Selection of transfer mode and each function

b7 po DMAO control register (Address 1FCEz1s)
| | | | | | | | | DMAL1 control register (Address 1FDEze)
DMA2 control register (Address 1FEE1e)

DMAR3 control register (Address 1FFEzs)

DMA request source select bits

0000: Do not select. 1000: Timer BO
000 1: External source (DMAREQI) 1 00 1: Timer B1
0010: Software DMA source 1010 : Timer B2

0: 2-bus cycle transfer 0011:Timer A0 1011:UARTO receive
1: 1-bus cycle transfer 0100: Timer Al 1100 : UARTO transmit

0101:Timer A2 1101:UARTL receive
Transfer mode select bit 0110:Timer A3 1110:UARTL transmit
0 : Burst transfer mode 0111:TimerA4 1111:A-Dconversion

1 : Cycle-steal transfer mode

Edge sense/Level sense select bit (Note)
0: Edge sense
1: Level sense

Transfer source address direction select bits
00 : Fixed

01: Forward

10 : Backward

11: Do not select.

DMAACKi validity bit
0 : Invalid
1: Valid

. /

Note: When an external source (DMAREQI)
is selected or when the cycle-steal
transfer mode is selected, set this bit
to “0.”

Transfer destination address direction select bits
00 : Fixed

0 1: Forward

10 : Backward

11: Do not select.

Continue to “Figure 13.5.4” on next page.

b7 b0 DMAO mode register H (Address 1FCDzs)
| 0 | ol | | 0 | 0 | | | DMA1 mode register H (Address 1FDDzs)
t DMA2 mode register H (Address 1FEDz1s)

DMA3 mode register H (Address 1FFDais)

Transfer direction select bit (Used in 1-bus cycle transfer)
0 : From memory to 1/O

1: From 1/O to memory

1/0 connection select bit (Valid in 1-bus cycle transfer)

0 : Data bus Do—D7 or Do—D1s

1: Data bus Ds-Dis

Transfer source wait bit (Valid in DMA transfer) RN RN EEEEEEEEEEEERRRRR
0 : Wait
1: No wait

Transfer destination wait bit (Valid in DMA transfer)
0 : Wait
1: No wait

Selection of single transfer mode

- /

(b23) (bl% (b15)  (b8) .
b7 b0b7 bob7 b0 Source address register 0 (Addresses 1FC216 to 1FCO016) (SARO)

| | | Source address register 1 (Addresses 1FD216 to 1FD016) (SAR1)

Source address register 2 (Addresses 1FE216 to 1FEO16) (SAR2)

{ Source address register 3 (Addresses 1FF216 to 1FF016) (SAR3)
Set the transfer start address of transfer source.

These bits can be set to “00000016” to “FFFFFFs.”

(b23) (b16)(b15) (b8)
b7 b0 b7 b0b7

po Destination address register 0 (Addresses 1FC616 to 1FC416) (DARO)
Destination address register 1 (Addresses 1FD616 to 1FD416) (DAR1)
Destination address register 2 (Addresses 1FE616 to 1FE416) (DAR2)
Destination address register 3 (Addresses 1FF616 to 1FF416) (DAR3)

)

Set the transfer start address of destination.
These bits can be set to “000000:6" to “FFFFFF16.”

(b23) (b16)(b15)  (b8)
b7 b0b7 bob7 b0 Transfer counter register O (Addresses 1FCA16 to 1FC816) (TCRO)
| | | Transfer counter register 1 (Addresses 1FDAs to 1FD816) (TCR1)
Transfer counter register 2 (Addresses 1FEA16 to 1FE816) (TCR2)
Transfer counter register 3 (Addresses 1FFA16 to 1FF816) (TCR3)
Set the byte number of transfer data.
These bits can be set to “00000116" to “FFFFFF1s.”

- %

Note 3: When data is transferred from memory to I/0 in 1-bus
cycle transfer, it is unnecessary to set DARI.
When data is transferred form I/O to memory in 1-bus
cycle transfer, it is unnecessary to set SARi.

Notes 1: When writing to these registers,
write to all 24 bits.
2: Do not write “00000016” to TCRi.

13.5.3 Initial setting example for registers relevant to single transfer mode (2)
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13.5 Single transfer mode

From preceding “Figure 13.5.3”

s N

election of priority level and TC pin, and setting DMAI request bit to “0”

b7 b0
| 0 | 0 | 0| O| | | | | DMAC control register L (Address 6816)

Priority select bit
0 : Fixed
1: Rotating
—— TC pin validity bit
0 : Invalid
(P10s pin functions as a programmable 1/O port.)
1: Vvalid _
(P10s pin functions as TC pin.)

DMAO request bit
DMAL request bit
DMAZ2 request bit
DMA3 request bit

0 : No request

~

| | | | | | | | |DMAC control register H (Address 6916)

u—LL Software DMAI request bit

(Valid in software DMA source selected)
Bit 0 : Channel 0
Bit 1 : Channel 1
Bit 2 : Channel 2
Bit 3 : Channel 3

DMAO enable bit

DMAL1 enable bit . Di
DMA2 enable bit 2 . g:f:;}fg
DMA3 enable bit '

- /

When selecting external When selecting internal When selecting internal DMA
DMA source DMA source source except software
-llllllllllllllllllllllllllllllllllllllllllll-lllllllllllllllllllllllllllllllllllllllllllllllll
When selecting software
DMA request

Interrupt request of
each peripheral
function occurs

Inputting DMA request / b7 b0 \
signal to DMAREQI pin | | | I I | | | |DMAC control register H (Address 6916)

L Software DMAO request bit
—— Software DMA1 request bit 0 : No request
Software DMA2 request bit
Software DMA3 request bit

1: Requested

\ When writing “1,” DMA request is generated. /

IllllIllllllllllllllllllllllllllIlllllllllI{Illlllllllllllllllllllllllllllllllllllllllllllll

DMA transfer starts

Fig. 13.5.4 Initial setting example for registers relevant to single transfer mode (3)
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13.5 Single transfer mode

13.5.2 Operation in single transfer mode

Figure 13.5.5 shows the operation flowchart of the single transfer mode, and Figure 13.5.6 shows a timing
diagram of the single transfer mode (burst transfer mode).

For the cycle-steal transfer mode, refer to the following:

» All transfers except for the last 1-unit transfer: Figure 13.8.12

» Last 1-unit transfer: Figure 13.8.14

Also, refer to section “13.2.1 Bus access control circuit” for the bus request sampling during transfer.

@

DMAI request bit —~ 0
(Only in cycle-steal transfer mode)

1-unit transfer
(Refer to section “13.4 Operation.” )

Transfer completion of
1 block ?

Burst-Edge
Burst-Level-L
1 Cycle-steal-Requested

— DMAI request bit ?
TC “L” output (Note)
DMAI interrupt request bit « 1

DMAI enable bit - 0 O Burst-Level-H
Cycle-Steal-No request

| Note: When TC pin validity bit is “1”

DMAI request bit — 0
(Only burst-edge)

O

Burst-Edge : In burst transfer mode (edge sense)

Burst-Level-L : In burst transfer mode (level sense) with DMAREQI pin’s input level = L
Burst-Level-H : In burst transfer mode (level sense) with DMAREQI pin’s input level = H
Cycle-steal-Requested . In cycle-steal transfer mode with any request of DMAO-3
Cycle-steal-No request : In cycle-steal transfer mode with no request of DMAO-3

Fig. 13.5.5 Operation flowchart of single transfer mode
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Fig. 13.5.6 Timing diagram of single transfer mode (burst transfer mode)
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13.6 Repeat transfer mode
This mode is used to transfer one block of data repeatedly. Table 13.6.1 lists the specifications of the repeat
transfer mode, and Figure 13.6.1 shows the register structures of SARIi, DARI, and TCRi in this mode.

Table 13.6.1 Specifications of repeat transfer mode

Item

Performance specifications

Transfer parameter memory

Not required

Condition of normal termination

— (No normal termination)

Conditions of forced termination

e Falling edge of the TC pin’s input from “H” to “L”
(when the TC pin validity bit = “1")
e Write “0” to the DMAI enable bit

Interrupt request generation timing

No request is generated.

Functions of registers

SARI latch: Indicates the transfer start address of data block at the
transfer source.

SARIi: Indicates the address of the next transfer source.

DARI latch: Indicates the transfer start address of data block at the
transfer destination.

DARI: Indicates the address of the next transfer destination.

TCRI latch: Indicates the number of transfer bytes.

TCRI: Indicates the number of remaining bytes being transferred.

TC pin validity bit: Bit 1 at address 681
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13.6 Repeat transfer mode

Source address register 0 (Addresses 1FC216 to 1FCO16) (SARO)
Source address register 1 (Addresses 1FD216 to 1FDO016) (SAR1)
Source address register 2 (Addresses 1FE216 to 1FEQ16) (SAR2)
Source address register 3 (Addresses 1FF216 to 1FF016) (SAR3)

Bit

Functions

At reset

RW

23t0 0

[Write]

Set the transfer start address of the source.

These bits can be set to “00000016” to “FFFFFF16.”
[Read]

The read value indicates the source address of data
which is next transferred.

Undefined

RwW

Note: When writing to this register, write to all 24 bits.

Destination address register 0 (Addresses 1FC616 to 1FC416) (DARO)
Destination address register 1 (Addresses 1FD616 to 1FD416) (DAR1)
Destination address register 2 (Addresses 1FE616 to 1FE416) (DAR2)
Destination address register 3 (Addresses 1FF616 to 1FF416) (DAR3)

Bit

Functions

At reset

RW

23100

[Write]

Set the transfer start address of the destination.
These bits can be set to “00000016” to “FFFFFF16.”
[Read]

The read value indicates the destination address of
data which is next transferred.

Undefined

RW

b23 b16 bi15 b8 b7 bo

T T .

1 ' 1

i : |

1 ' 1

i : |

) ' 1

i : |

) ' 1

i L,
b23 b16 b15 b8 b7 b0

i i |

i : |

1 ' 1

i : |

1 ' 1

i : |

1 ' 1

L e mme e
b23 b16 b15 b8 b7 bo

Note: When writing to this register, write to all 24 bits.

Transfer counter register 0 (Addresses 1FCA1s to 1FC816) (TCRO)
Transfer counter register 1 (Addresses 1FDA1s to 1FD816) (TCR1)
Transfer counter register 2 (Addresses 1FEA16 to 1FE816) (TCR2)
Transfer counter register 3 (Addresses 1FFA16 to 1FF816) (TCR3)

Bit

Functions

At reset

RW

2310 0

[Write]

Set the byte number of transfer data.

These bits can be set to “0000011¢” to “FFFFFF16.”
[Read]

The read value indicates the remaining byte number
of the block which is being transferred.

Undefined

RW

Note: When writing to this register, write to all 24 bits.

Do not write “000000z6” to this register.

Fig. 13.6.1 Register structures of SARi, DARI, and TCRi in repeat transfer mode
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13.6.1 Setting of repeat transfer mode

Figures 13.6.2 through 13.6.4 show an initial setting example for registers relevant to the repeat transfer
mode. In addition, when timer A, timer B, UART, or the A-D converter is selected as a DMA request source,
the setting for the peripheral is required. For details of the setting, refer to the chapter of each peripheral
function.

In this mode, only the forced termination can terminate the DMA transfer. (Refer to section “13.3.5 (2)
Forced termination.” Therefore, in the burst transfer mode (edge sense selected), be sure to validate the
TC pin.

When external DMA source is selected When internal DMA source is selected

/Setting port P9 direction register \
| b7| | | | | | | b0| Port P9 direction register (Address 151s6)

DMAREQO pin
DMAREQL1 pin
'DMAREQ?2 pin
DMAREQ3 pin

\ Clear the corresponding bit to “0.” /

nnEnaNn

Continue to “Figure 13.6.3” on next page.

Fig. 13.6.2 Initial setting example for registers relevant to repeat transfer mode (1)
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From preceding “Figure 13.6.2"

/ Selection of transfer mode and each function

b0

[o] |

b7

b0

LI

[o]0]

-

\

DMAO mode register L (Address 1FCCais)

DMAL mode register L (Address 1FDCu1s)
DMA2 mode register L (Address 1FECze)

DMA3 mode register L (Address 1FFCas)
Number-of-unit-transfer-bits select bit

0 : 16 bits
1: 8 bits

Transfer method select bit
0 : 2-bus cycle transfer
1: 1-bus cycle transfer

Transfer mode select bit
0 : Burst transfer mode
1: Cycle-steal transfer mode

Transfer source address direction select bits
00 : Fixed

01: Forward

10 : Backward

11: Do not select.

Transfer destination address direction select bits
00 : Fixed

DMAO control register (Address 1FCEz16)
DMAL control register (Address 1FDEz1s)
DMAZ2 control register (Address 1FEEas)
DMAS3 control register (Address 1FFEzs)

DMA request source select bits

000 0: Do not select. 1000 : Timer BO

000 1: External source (OMAREQIi)1 0 0 1 : Timer B1

001 0: Software DMA source 1010: Timer B2
0011:Timer AO 1011:UARTO receive
0100: Timer Al 1100 : UARTO transmit
0101:Timer A2 1101 :UARTI1 receive
0110: Timer A3 1110:UARTI transmit
0111:TimerA4 1111:A-D conversion

Edge sense/Level sense select bit (Note)
0: Edge sense
1: Level sense

DMAACKI validity bit
0 : Invalid
1: Valid

01 : Forward
10: Backward
11: Do not select.

DMAO mode register H (Address 1FCD1s) 070"
DMAL mode register H (Address 1FDDzs)
DMA2 mode register H (Address 1FEDzs)
DMA3 mode register H (Address 1FFDzs)

Transfer direction select bit (Used in 1-bus cycle
transfer)

0 : From memory to 1/O

1 : From I/O to memory

1/0 connection select bit (Valid in 1-bus cycle
transfer)

0 : Data bus Do—D7 or Do—D1s

1: Data bus Ds-D1s

Transfer source wait bit (Valid in DMA
transfer)

0 : Wait

1: No wait

Transfer destination wait bit (Valid in DMA
transfer)

0 : Wait

1 : No wait

Selection of repeat transfer mode

/

b23)
( 228 )

b16)(b15; b8;
( bO)(b7 ) (bO)b7

bo

(b23)
b7

|

(b16)(b15)  (b8)
b0b7 b0b7

bo

(b23)
b7

)

(b16)(b15) (b8)
b0 b7 bob7

b0

-

|

Source address register O (Addresses 1FC216 to 1FCO016) (SARO)
Source address register 1 (Addresses 1FD216 to 1FDO016) (SAR1)
Source address register 2 (Addresses 1FE216 to 1FEO16) (SAR2)
Source address register 3 (Addresses 1FF216 to 1FFO016) (SAR3)

Set the transfer start address of transfer source.
These bits can be set to “00000016" to “FFFFFF6.”

Destination address register O (Addresses 1FC616 to 1FC416) (DARO)
Destination address register 1 (Addresses 1FD616 to 1FD416) (DAR1)
Destination address register 2 (Addresses 1FE616 to 1FE416) (DAR2)
Destination address register 3 (Addresses 1FF616 to 1FF416) (DAR3)

Set the transfer start address of destination.
These bits can be set to “0000001¢” to “FFFFFFis.”

Transfer counter register 0 (Addresses 1FCA16 to 1FC816) (TCRO)
Transfer counter register 1 (Addresses 1FDA16 to 1FD816) (TCR1)
Transfer counter register 2 (Addresses 1FEAz1s to 1FE816) (TCR2)
Transfer counter register 3 (Addresses 1FFA16 to 1FF816) (TCR3)

Set the byte number of transfer data.
These bits can be set to “00000116" to “FFFFFF6.”

write to all 24 bits.

Notes 1: When writing to these registers,

2: Do not write “0000001¢” to TCRi.

Note 3: When data is transferred from memory to 1/0 in 1-bus
cycle transfer, it is unnecessary to set DARI.
When data is transferred form 1/O to memory in 1-bus
cycle transfer, it is unnecessary to set SARIi.

Note: When an external source (DMAREQI)
is selected or when the cycle-steal
transfer mode is selected, set this bit

Continue to “Figure 13.6.4” on next page.

Fig.

13.6.3 Initial setting example for registers relevant to repeat transfer mode (2)
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13.6 Repeat transfer mode

From preceding “Figure 13.6.3"

b7

b0

L

Priority select bit
0 : Fixed
1 : Rotating

TC pin validity bit
0 : Invalid

/Selection of priority level and TC pin, and setting DMAI request bit to “0”

| 0 | 0 | O| O| | | | | DMAC control register L (Address 6816)

(P10s pin functions as a programmable I/0 port.)

1: Valid

(P10s pin functions as TC pin.)

DMAO request bit
DMAL request bit
DMAZ2 request bit
DMAZ3 request bit

0 : No request

~

/

-

b7

b0

| | | | | | | | |DMAC control register H (Address 6916)

u—LL Software DMAI request bit

(Valid in software DMA source selected)

.

Bit 0 : Channel 0
Bit 1: Channel 1
Bit 2 : Channel 2
Bit 3 : Channel 3

DMAO enable bit
DMAL1 enable bit
DMA2 enable bit
DMAS enable bit

0 : Disabled
1: Enabled

~

/

When selecting external
DMA source

When selecting internal
DMA source

When selecting internal DMA
source except software

AN RN NN NN NN RN NN NN NN RN NN NN NN NN NN NN NN NN NN NN NN NN NN ENENNN

When selecting software

DMA request

-

Inputting DMA request
signal to DMAREQI pin

.

b7

b0

When writing “1,” DMA request is generated.

| | | | | | | | |DMACcontroI register H (Address 6916)

L Software DMAO request bit
—— Software DMAL request bit
Software DMA2 request bit
Software DMA3 request bit

~

0 : No request
1: Requested

/

DMA transfer starts

NN NN NN NN NN NN NN NN NN NN NN AN NN NN NN NN NN NN NN NN EE NN EEEEENNNEEEEEEEE

Note: When the burst transfer mode (edge sense) is selected, set bit 1 to “1.”

Interrupt request of
each peripheral

function occurs

Fig. 13.6.4 Initial setting example for registers relevant to repeat transfer mode (3)
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13.6.2 Operation in repeat transfer mode

Figure 13.6.5 shows the operation flowchart of the repeat transfer mode, and Figure 13.6.6 shows a timing
diagram of the repeat transfer mode (burst transfer mode).

For the cycle-steal transfer mode, refer to the following:

» All transfers except for the last 1-unit transfer: Figure 13.8.12

 Last 1-unit transfer: Figure 13.8.13

Also, refer to section “13.2.1 Bus access control circuit”  for the bus request sampling during transfer.

O

DMAI request bit « 0

(Only in cycle-steal transfer mode)

1-unit transfer
(Refer to section “13.4 Operation.” )

Burst-Edge
Burst:-Level-L
1 Cycle-steal-Requested
DMAI request bit ?
0 Burst-Level-H
Cycle-steal-No request

Burst-Edge . In burst transfer mode (edge sense)
Burst-Level-L . In burst transfer mode (level sense) with DMAREQi pin’s input level = L
Burst-Level-H . In burst transfer mode (level sense) with DMAREQI pin’s input level = H
Cycle-steal-Requested . In cycle-steal transfer mode with any request of DMAQ-3
Cycle-steal-No request . In cycle-steal transfer mode with no request of DMAO-3

Fig. 13.6.5 Operation flowchart of repeat transfer mode
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13.7 Array chain transfer mode

13.7 Array chain transfer mode

This mode is used to transfer several blocks of data. According to the information of each block stored in
memory area (Note), several blocks of data are transferred. All of the transfer parameters must be located
in series. Table 13.7.1 lists the specifications of the array chain transfer mode, and Figure 13.7.1 shows the
register structures of SARi, DARI, and TCRi in this mode.

Note: Each of the following information is called “transfer parameter”: transfer start addresses of transfer
source and destination, and transfer data’'s byte number.

Table 13.7.1 Specifications of array chain transfer mode

Item

Performance specifications

Transfer parameter memory

Required.

e In 2-bus cycle transfer: 12 bytes per one block
(transfer source’s transfer start address, transfer destination’s transfer
start address, transfer data’s byte number)

e In 1-bus cycle transfer: 8 bytes per one block
(from memory to I/O: transfer source’s transfer start address, transfer
data’s byte number)
(from 1/0 to memory: transfer destination’s transfer start address,
transfer data’s byte number)

Condition of normal termination

TCRi latch = 0 and TCRi =0

Conditions of forced termination

e Falling edge of the TC pin’s input from “H” to “L”
(when the TC pin validity bit = “1")
e \Write “0” to the DMAI enable bit

Interrupt request generation timing

At normal termination

Functions of registers

SARI latch: Indicates the transfer parameter memory’s start address of
the next block.

SARI: Indicates the address of the next transfer source.

DARI latch: Not used.

DARI: Indicates the address of the next transfer destination.

TCRI latch: Indicates the number of remaining transfer blocks.

TCRIi: Indicates the number of remaining transfer bytes.

TC pin validity bit: Bit 1 at address 681s
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Transfer counter register 0 (Addresses 1FCA16 to 1FC816) (TCRO)

b23 b16 bls b8 b7 b0
Source address register 0 (Addresses 1FC216 to 1FCO016) (SARO)
Source address register 1 (Addresses 1FD216 to 1FDO016) (SAR1)
Source address register 2 (Addresses 1FE216 to 1FEO16) (SAR2)
' ' ' Source address register 3 (Addresses 1FF216 to 1FF016) (SAR3)
i ' : Bit Functions Atreset| RW
RNt SN s [Write] ,
23100 Set the start address of transfer parameter memory. Undefined| RW
These bits can be set to “00000016” to “FFFFFFis.”
[Read]
« After a value is written to this register and until
transfer starts, the read value indicates the written
value (the start address of the transfer parameter
memory).
« After transfer starts, the read value indicates the
source address of data which is next transferred.
Note: When writing to this register, write to all 24 bits.
b23 b16 b15 b8 b7 b0
Destination address register 0 (Addresses 1FC616 to 1FC416) (DARO)
: : i Destination address register 1 (Addresses 1FD616 to 1FD416) (DAR1)
' ' ' Destination address register 2 (Addresses 1FE616 to 1FE416) (DAR2)
' ! ! Destination address register 3 (Addresses 1FF616 to 1FF416) (DAR3)
: ‘ . Bit Functions Atreset| RW
N S D Need not to be set. .
23t0 0 [Read] Undefined| RW
After transfer starts, the read value indicates the
destination address of data which is next transferred.
b23 b16 b15 bg b7 b0

Transfer counter register 1 (Addresses 1FDA1s to 1FD816) (TCR1)
Transfer counter register 2 (Addresses 1FEA16 to 1FE816) (TCR2)
Transfer counter register 3 (Addresses 1FFA16 to 1FF816) (TCR3)

Bit

Functions

At reset

RW

[Write]
23100 Set the number of transfer blocks.

These bits can be set to “00000116” to “FFFFFF16.”

[Read]

transferred.

« After a value is written to this register and until
transfer starts, the read value indicates the written
value (the transfer block number) .

« After transfer starts, the read value indicates the
remaining byte number of the block which is being

Undefined] RW

Note: When writing to this register, write to all 24 bits.
Do not write “000000:¢” to this register.

Fig. 13.7.1 Register structures of SARi, DARI, and TCRi in array chain transfer mode
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13.7.1 Transfer parameter memory in array chain transfer mode

The transfer parameters required for each transfer method are described below. These parameters must
be located in series starting at an even addresses.

Figure 13.7.2 shows a transfer parameter memory map in the array chain transfer mode.

1)

(2)

(3)

In 2-bus cycle transfer

All of the following transfer parameters are required for each block of data; that is, a transfer
parameter memory consumes 12 bytes for each block.

e Transfer source’s transfer start address (24 bits) + Dummy data (8 bits)

e Transfer destination’s transfer start address (24 bits) + Dummy data (8 bits)

e Transfer data’s byte number (24 bits) + Dummy data (8 bhits)

In 1-bus cycle transfer from memory to I/O

All of the following transfer parameters are required for each block of data; that is, a transfer
parameter memory consumes 8 bytes for each block.

e Transfer source’s transfer start address (24 bits) + Dummy data (8 bits)

e Transfer data’s byte number (24 bits) + Dummy data (8 bits)

In 1-bus cycle transfer from I/O to memory

All of the following transfer parameters are required for each block of data; that is, a transfer
parameter memory consumes 8 bytes for each block.

e Transfer destination’s transfer start address (24 bits) + Dummy data (8 bits)

e Transfer data’s byte number (24 bits) + Dummy data (8 bits)
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4 bytes-
4 bytes
4 bytes

(1) 2-bus cycle transfer

Transfer source’s transfer start address 1

Transfer destination’s transfer start address 1

Transfer data’s byte number 1

Transfer source's transfer start address 2

Transfer destination’s transfer start address 2

Transfer data’s byte number 2

Transfer source’s transfer start address 3

Transfer destination’s transfer start address 3

Transfer data’s byte number 3

Transfer source's transfer start address 4

Transfer destination’s transfer start address 4

Transfer data’s byte number 4

0 The above applies when 4-block transfer

is performed.

(2) 1-bus cycle transfer

Transfer source’s transfer start address 1

Transfer data’s byte number 1

Transfer source’s transfer start address 2

Transfer data’s byte number 2

Transfer source’s transfer start address 3

Transfer data’s byte number 3

Transfer source’s transfer start address 4

Transfer data’s byte number 4

0 The above applies on the following conditions:
*When data is transferred from memory to I/O
(When transferring from 1/0O to memory, replace all the above mentioned “Transfer source’s
transfer start address” with “Transfer destination’s transfer start address.”)

*4-block transfer

Transfer L
source’s transfer M
start address H

Dummy data

Transfer L
destination’s transfer M

start address H

Dummy data

L
Transfer data’s M
byte number —

H

Dummy data

Transfer L
source’s transfer M
start address H

Dummy data

L

Transfer data’s ™
H

byte number

Dummy data

Even address

Even address

Even address

Even address

Even address

320|q T Jo} sialawered Jajsuel |

300|q T 10} Sie1aweled Jajsuel ]

Fig. 13.7.2 Transfer parameter memory map in array chain transfer mode
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13.7.2 Setting of array chain transfer mode
Figures 13.7.3 through 13.7.5 show an initial setting example for registers relevant to the array chain

transfer mode.

In addition, when timer A, timer B, UART, or the A-D converter is selected as a DMA request source, the
setting for the peripheral is required. For details of the setting, refer to the chapter of each peripheral

function.

When a DMAI interrupt is used, the setting for enabling the interrupt is also required. For details, refer to
“CHAPTER 7. INTERRUPTS.”

When external DMA source is selected When internal DMA source is selected

b7

/Setting port P9 direction register

b0

| | | | | | | | |P0rtP9direction register (Address 1516)

Clear the corresponding bit to “0.”

DMAREQO pin
DMAREQL1 pin
'DMAREQ?2 pin
DMAREQ3 pin

~

/

EEEEEREENR

Setting interrupt priority level

b0

DMAI interrupt control register (i = 0 to 3)
(Addresses 6Cis to 6F16)

Interrupt priority level select bits

When using interrupts, set these bits to one of
levels 1to 7.

When disabling interrupts, set these bits to
level 0.

~

/

Continue to “Figure 13.7.4” on next page.

Fig. 13.7.3 Initial setting example for registers relevant to array chain transfer mode (1)
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From preceding “Figure 13.7.3"

-

b7 bo

LLL L Tof [ 1]

i

Selection of transfer mode and each function

~

DMAO mode register L (Address 1FCCae)

DMAQO control register (Address 1FCEas)

DMAL mode register L (Address 1FDC1s)
DMAZ2 mode register L (Address 1FECis)

| | | DMAL1 control register (Address 1FDEze)
DMA2 control register (Address 1FEEzs)

DMA3 mode register L (Address 1FFCzs)
Number-of-unit-transfer-bits select bit

DMAS3 control register (Address 1FFEas)

0: 16 bits
1: 8 bits

Transfer method select bit
0 : 2-bus cycle transfer
1: 1-bus cycle transfer

Transfer mode select bit
0 : Burst transfer mode
1: Cycle-steal transfer mode

Transfer source address direction select bits
00 : Fixed

0 1: Forward

10 : Backward

11: Do not select.

Transfer destination address direction select bits
00 : Fixed

DMA request source select bits

0000: Do not select. 1000:
0001 : External source (DMAREQI) 1001 :
0010: Software DMA source 1010:
0011:Timer AO 1011:
0100: Timer AL 1100:
0101: Timer A2 1101:
0110:Timer A3 1110:
0111:Timer Ad4 1111:

Timer BO
Timer B1
Timer B2
UARTO receive
UARTO transmit
UART1 receive
UART1 transmit
A-D conversion

Edge sense/Level sense select bit (Note)
0: Edge sense
1: Level sense

DMAACKI validity bit
0 : Invalid
1:Valid

0 1: Forward

10: Backward
11: Do not select.

Note: When an external source (DMAREQI)
is selected or when the cycle-stea
transfer mode is selected, set this bit

b7
[1]o] [ Jofo]

b0

I

t0 “0.”

DMAO mode register H (Address 1FCDas)
DMAL mode register H (Address 1FDDz6)
DMA2 mode register H (Address 1FEDz1s6)
DMA3 mode register H (Address 1FFDis)

Transfer direction select bit (Used in 1-bus cycle transfer)
0 : From memory to I/O

1: From I/O to memory

1/0 connection select bit (Valid in 1-bus cycle transfer)

0 : Data bus Do—D7 or Do—D1s

1: Data bus Ds-Dis

Transfer source wait bit (Valid in DMA transfer)

0 : Wait

1: No wait

Transfer destination wait bit (Valid in DMA transfer)
0 : Wait

1: No wait

Selection of array chain transfer mode

Continue to “Figure 13.7.5” on next page.

b23)  (b16)(b15; b8
(b7) (bgl(ﬂ ) (bD)b7

|

(b16)(b15)  (b8)
b0 b7 bob7 b0

|

b0

(b23)
b7

Source address register 0
Source address register 1
Source address register 2
Source address register 3

Addresses 1FC216 to 1FCOz16)
Addresses 1FD216 to 1FDO16)
Addresses 1FE216 to 1FEOQz1s)
Addresses 1FF216 to 1FFO16)

SARO)
SAR1)
SAR2)
SAR3)

Set the start address of transfer parameter memory.
These bits can be set to “0000001s" to “FFFFFF16.”

Transfer counter register 0 (Addresses 1FCA16 to 1FC816) (TCRO)
Transfer counter register 1 (Addresses 1FDAzs to 1FD816) (TCR1)
Transfer counter register 2 (Addresses 1FEAz16 to 1FE816) (TCR2)
Transfer counter register 3 (Addresses 1FFA16 to 1FF816) (TCR3)

Set the number of transfer blocks.
These bits can be set to “00000116” to “FFFFFF1s.”

write to all 24 bits.

Notes 1: When writing to these registers,

2: Do not write “0000001¢” to TCRi.

FLLELEEET TR

Fig. 13.7.4 Initial setting example for registers relevant to array chain transfer mode (2)
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From preceding “Figure 13.7.4"

/Selection of priority level and TC pin, and setting DMAI request bit to “0”

b7 b0
| 0 | 0 | O| 0| | | | | DMAC control register L (Address 6816)

Priority select bit
0 : Fixed
1 : Rotating

TC pin validity bit
0 : Invalid

(P10s pin functions as a programmable 1/0 port.)
1:Valid _

(P10s pin functions as TC pin.)

DMAO request bit
DMAL1 request bit
DMAZ2 request bit
DMAZ3 request bit

0 : No request

~

b7 b0
| | | | | | | | |DMACcontroIregisterH(Addre336916)

u—LL Software DMAI request bit

(Valid in software DMA source selected)
Bit 0 : Channel 0
Bit 1 : Channel 1
Bit 2 : Channel 2
Bit 3 : Channel 3

DMAO enable bit

DMAL enable bit . Di
DMA2 enable bit (1) . ELS:t?ILec?
DMAS3 enable bit ’

/

When selecting external When selecting internal When selecting internal DMA
DMA source DMA source source except software
IIIIIIIIIIIllIllllIllllllllllllIllllllllllIII-IIIIIIIIIIllIllllIllllllllllllIllllllllllllIlllll
When selecting software -
DMA request H

Interrupt request of
each peripheral

Inputting DMA request b7 bo
signal to DMAREQi pin | | | | | | | |

| DMAC control register H (Address 6916) function occurs

L Software DMAO request bit
—— Software DMA1 request bit 0 : No request
Software DMA2 request bit .

Software DMAS3 request bit 1 Requested

When writing “1,” DMA request is generated.

snnnslnnnn

DMA transfer starts

Fig. 13.7.5 Initial setting example for registers relevant to array chain transfer mode (3)
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13.7.3 Operation in array chain transfer mode

Figure 13.7.6 shows the operation flowchart of the array chain transfer mode, and Figures 13.7.7 and
13.7.8 show timing diagrams of the array chain transfer mode (burst transfer mode).

For the cycle-steal transfer mode, refer to the following:

» Transfer of transfer parameters in an array state: Figures 13.8.10 and 13.8.11

« All transfers except in an array state and except the last 1-unit transfer of each block: Figure 13.8.12
e Last 1-unit transfer of each block except the last block: Figure 13.8.13

e Last 1-unit transfer of the last block: Figure 13.8.14

The processing performed in the array chain transfer mode consists of an array state and a transfer state.

(1) Array state
In an array state, transfer parameters are read from the transfer parameter memory in a unit of 2
bytes and transferred to registers SARi, DARIi, and TCRi and their latches. As shown in Figure
13.7.2, a transfer parameter consists of 4 bytes (24 bits of data + 8 bits of dummy data).
One bus cycle always consumes 3 cycles of ¢
During an array state, the DMAACKi pin outputs “H” level.

For the bus request sampling in an array state, refer to section “13.2.1 Bus access control circuit.”

(2) Transfer state
Data is transferred in a transfer state.

For the bus request sampling in a transfer state, refer to section “13.2.1 Bus access control
circuit.”
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First of 1 block ?

First

SARi ~ Transfer parameter (Note)
(Transfer source’s transfer start address)
DARI ~ Transfer parameter (Note)
(Transfer destination’s transfer start address)
TCRi ~ Transfer parameter

(Byte number of transfer data)

TCRi latch ~ TCRi latch -1

Burst-Edge
Burst-Level-L
Cycle-steal-Requested

On and after

DMAI request bit — 0
(Only in cycle-steal transfer mode)

1-unit transfer
(Refer to section “13.4 Operation.” )

Transfer completion
of 1 block ?

Transfer

DMAI request bit ?

0
Burst-Level-H
Cycle-steal-No request

completion of all blocks ?
ICRilatch=07?

Y. Completion

TC “L” output (Note)
DMAI interrupt request bit — 1
DMAI enable bit - 0

Note: When TC pin validity bit is “1"

DMAI request bit — 0

(Only in burst transfer mode (edge sense))

BursteEdge
Burst-Level-L
Cycle-steal-Requested

DMAI request bit ?

0 Burst-Level-H
Cycle-steal-No request

Burst-Edge
Burst:-Level-L
Burst:Level-H
Cycle-steal-Requested
Cycle-steal-No request

O

. In burst transfer mode (edge sense)
. In burst transfer mode (level sense) with DMAREQi pin = L
. In burst transfer mode (level sense) with DMAREQi pin = H
. In cycle-steal transfer mode with any request of DMA0O-3
: In cycle-steal transfer mode with no request of DMAO-3

SARI latch indicates the start address of the transfer parameter memory of the next block.
TCRIi latch indicates the number of remaining transfer blocks.

Note: The above figure applies when 2-bus cycle transfer is performed.
When data is transferred from memory to I/O in 1-bus cycle transfer, there is no “DARi — Transfer parameter.”
When data is transferred from 1/0 to memory in 1-bus cycle transfer, there is no “SARi — Transfer parameter.”

Fig. 13.7.6 Operation flowchart of array chain transfer mode

13-76

7721 Group User's Manual




DMA CONTROLLER

13.7 Array chain transfer mode

u+gep u+ges
T-U+zep T-U+zes
J3JSUI) 00| PUOIDS

zep zes

w+tep w+Tes

T-w+Tep T-w+Tes
Tajsuen %00|q 1Sl

Tep TeS

Kiows |\ Kows\

u oz+dh
sierewered Jajsuen
$,90|( pU0IaS cep 9T+d)
ces ZT+d)
w g+d)
sisjawered
J3jsuel) sj00|q ISl Tep )
Tes d
Klowa

"paydaooe s| pue T, sl

reuBis Buydwes 1sanbai snqg ayy ajiym pajdwes s| pjoH 1o ysalal INvHa Aq pasned ysanbal sng ay| e

Ndd < OVAQ — NdD:

9:

Alowaw Jalaweled Jajsuel) $490|q 1SIl) JO SSaIppe LS :
(uana) sialeweled Jsjsuel]
ON:

ON:

premiod :

premioS :

18iIng :

Jaysuen) 9|94kd sng-z :

SHq Ot :

SNq 9T -

sng asn 0} by
an[en18s YO L1

di

Zep ‘Tep ‘zes ‘Tes

e\ Uoeunsap Jajsuel ]

W/ 82IN0s Isjsuel ]

UoN23IIP SSIPPE UONBUNSIP JajSuel |
UoN23IIP SSIPPE SIINOS JdjSuel L

apow Iajsuel]
poylew Jajsuel

Hun Jaysuel |

UIPIM SN eYep [BUIRIXT

:suonipuod Buimojjos ay} uo saljdde ajdwexa siy| e

sng asn 0} b

Jo uomisuel |
B

aJe)s Isjsuel |

A

ajels Aely

elep JO J9jsuel]

A

Jajsuel) yun-T

vyyy

siajaweled Jajsuel) Jo 1ajsuel ]

Yy.vy

<
<

1919We.ed 1ajsuel) T Jo Jajsuel]

(OvNa) 0 ‘T

X—

||

HW

L |

L
)

)

grdy) X (erd) X

(p+d1)

erd) X 1y

[ .U

@ ‘abed 1xau uo ,8°7°€T @.nbi4, 01 anupnuod

L
LI

1L

L
L

01S ‘T1S

ol

H —

MOVVINA

Buidwes 1sanbai sng
La/eey-oq/oty
sT1Q/STV-8Q/8V

Ly—0y

Fig. 13.7.7 Timing diagram of array chain transfer mode (burst transfer mode) (1)
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Fig. 13.7.8 Timing diagram of array chain transfer mode (burst transfer mode) (2)
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[Precautions for array chain transfer mode]

If the following two conditions are satisfied when the transfer unit is 16 bits and the address direction of
transfer source or destination is fixed, the array chain transfer mode can be used:
e The external data bus width = 16 bits or the internal memory is used.

» The transfer start address on the address-direction-fixed side is an even address.
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13.8 Link array chain transfer mode

This mode is used to transfer several blocks of data. According to the information of each block stored in
memory area (Note), several blocks of data are transferred. Transfer parameters can be located in separate
memory locations, in a unit of one block’s parameters. Table 13.8.1 lists the specifications of the link array
chain transfer mode, and Figure 13.8.1 shows the register structures of SARi, DARIi, and TCRi in this mode.

Note: Each of the following information is called “transfer parameter”: transfer start addresses of transfer
source and destination, and transfer data’s byte number.

Table 13.8.1 Specifications of link array chain transfer mode

Item

Performance specifications

Transfer parameter memory

Required.

e In 2-bus cycle transfer: 16 bytes per one block
(transfer source’s transfer start address, transfer destination’s transfer
start address, transfer data’s byte number, next transfer parameter
memory’s start address)

e In 1-bus cycle transfer: 12 bytes per one block
(from memory to I/O: transfer source’s transfer start address, transfer
data’s byte number, next transfer parameter memory’s start address)
(from 1/0 to memory: transfer destination’s transfer start address,
transfer data’s byte number, next transfer parameter memory’s start
address)

Condition of normal termination

SARi latch = 0 and TCRi =0

Conditions of forced termination

e Falling edge of TC pin’s input from “H” to “L”
(when the TC pin validity bit = “1")
e Write “0” to the DMAI enable bit

Interrupt request generation timing

At normal termination

Functions of registers

SARI latch: Indicates the transfer parameter memory’s start address of
the next block.

SARI: Indicates the address of the next transfer source.

DARI latch: Not used.

DARI: Indicates the address of the next transfer destination.

TCRi latch: Not used.

TCRi: Indicates the number of remaining bytes being transferred.

TC pin validity bit: Bit 1 at address 681s
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b23

bl6 bls b8 b7 bo

b23

---------------------------------- 23100

Source address register 0 (Addresses 1FC216 to 1FCO016) (SARO)
Source address register 1 (Addresses 1FD216 to 1FDO016) (SAR1)
Source address register 2 (Addresses 1FE216 to 1FEQ16) (SAR2)
Source address register 3 (Addresses 1FF216 to 1FF016) (SAR3)

Bit

Functions Atreset| RW

[Write]

Set the start address of transfer parameter memory
of block which is first transferred.
These bits can be set to “00000016” to “FFFFFF16.”

[Read]

« After a value is written to this register and until
transfer starts, the read value indicates the written
value (the start address of the transfer parameter
memory of block which is first transferred).

« After transfer starts, the read value indicates the
source address of data which is next transferred.

Undefined] RW

Note: When writing to this register, write to all 24 bits.

b16 bl5 b8 b7 b0

b23

Destination address register 0 (Addresses 1FC616 to 1FC416) (DARO)
Destination address register 1 (Addresses 1FD616s to 1FD416) (DAR1)
Destination address register 2 (Addresses 1FE616 to 1FE416) (DAR2)
Destination address register 3 (Addresses 1FF616 to 1FF416) (DAR3)

Bit

Functions Atreset| RW

R U S 23100 Need not to be set.

[Read]

After transfer starts, the read value indicates the
destination address of data which is next transferred.

Undefined| RW

b16 bl5 b8 b7 b0

Transfer counter register 0 (Addresses 1FCAz16 to 1FC816) (TCRO)

Transfer counter register 1 (Addresses 1FDAz1s to 1FD816) (TCR1)
Transfer counter register 2 (Addresses 1FEA16 to 1FE816) (TCR2)
Transfer counter register 3 (Addresses 1FFA16 to 1FF816) (TCR3)

Bit

Functions Atreset [ RW

---------------------------------- 23 to 0| [Write]

Set the dummy data.

[Read]

value (dummy data).

transferred.

These bits can be set to “00000116” to “FFFFFF16.”

« After a value is written to this register and until
transfer starts, the read value indicates the written

« After transfer starts, the read value indicates the
remaining byte number of the block which is being

Undefined| RW

Note: When writing to this register, write to all 24 bits.
Do not write “000000z6” to this register.

Fig. 13.8.1 Register structures of SARi, DARI, and TCRi in link array chain transfer mode
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13.8.1 Transfer parameter memory in link array chain transfer mode

The transfer parameters required for each transfer method are described below. These parameters can be
located in separate memory locations, in a unit of one block’'s parameters. However, these parameters
must be located starting at an even address.

Figure 13.8.2 shows a transfer parameter memory map in the link array chain transfer mode.

(1) In 2-bus cycle transfer
All of the following transfer parameters are required for each block of data; that is, a transfer
parameter memory consumes 16 bytes for each block.
» Transfer source’s transfer start address (24 bits) + Dummy data (8 bits)
» Transfer destination’s transfer start address (24 bits) + Dummy data (8 bits)
e Transfer data’s byte number (24 bits) + Dummy data (8 bits)
» Start address of next transfer parameter memory (24 bits) (Note) + Dummy data (8 bits)

(2) In 1-bus cycle transfer from memory to 1/0
All of the following transfer parameters are required for each block of data; that is, a transfer
parameter memory consumes 12 bytes for each block.
e Transfer source’s transfer start address (24 bits) + Dummy data (8 bits)
« Transfer data’s byte number (24 bits) + Dummy data (8 bits)
» Start address of next transfer parameter memory (24 bits) (Note) + Dummy data (8 bits)

(3) In 1-bus cycle transfer from I/O to memory
All of the following transfer parameters are required for each block of data; that is, a transfer
parameter memory consumes 12 bytes for each block.
» Transfer destination’s transfer start address (24 bits) + Dummy data (8 bits)
» Transfer data’s byte number (24 bits) + Dummy data (8 bits)
« Start address of next transfer parameter memory (24 bits) (Note) + Dummy data (8 bits)

Note: For the last block of data, write “00000016” as the start address of the next transfer parameter
memory.
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(1) 2-bus cycle transfer

4 bytes:i: Transfer source’s transfer start address 1 | Transfer parameteraddress 1 Transfer source’s L | Evenaddress
Transfer destination’s transfer start address 1 transfer start M
Transfer data’s byte number 1 address H
Next transfer parameter memory’s start address 2 \ Dummy data 4
i i Transfer L | Evenaddress §
destination’s transfer M )
Transfer source’s transfer start address 4 | Transfer parameter ~ *, start address H g
Transfer destination's transfer start address 4 address 4 (last block) Dummy data 3
Transfer data’s byte number 4 L | Evenaddress| &
“00000015" Transfer data’s  — 3
\ byte number — =
| H =X
= == \ g
Dummy data ~
Transfer source’s transfer start address 3 | Transfer parameter address 3\‘ Next transfer L | Evenaddress
Transfer destination’s transfer start address 3 \ | parameter memory's M
Transfer data’s byte number 3 | start address H
Next transfer parameter memory's start address 4 \ Dummy data

———= |Transfer source’s transfer start address 2
Transfer destination’s transfer start address 2
Transfer data’s byte number 2

Transfer parameter address 2

Next transfer parameter memory's start address 3

0 The above figure applies when 4-block transfer is performed.

(2) 1-bus cycle transfer

4 bytesji: Transfer source’s transfer start address 1| Transfer parameter address 1
Transfer data’s byte number 1

Transfer source’s L | Even address
transfer start M

Nexttransfer parameter memory's startaddress2 | address H §
1 1 Dummy data &
\ Transfer data’ L | Evenaddress| B

\ ransfer data’s — B

Transfer source’s transfer start address 3| Transfer parameter M g
address 3 K byte number  — Q

Transfer data’s byte number 3 \ H 5}

\ 12

Next transfer parameter memory's start address 4 K Dummy data g

. =

<= N Next transfer L | Evenaddress|
= | Transfer source’s transfer start address 2 |Transfer parameter address 2, | parameter memory's M g

Transfer data’s byte number 2 start address H
Next transfer parameter memory’s start address 3 \ Dummy data

@
)

(«
)]

————= | Transfer source’s transfer start address 4 | Transfer parameter
Transfer data’s byte number 4 address 4 (last block)
“00000016"

0 The above applies on the following conditions:
*When data is transferred from memory to I/O
(When transferring from 1/0O to memory, replace all the above mentioned “Transfer source’s

transfer start address” with “Transfer destination’s transfer start address.”
4-block transfer

. 13.8.2 Transfer parameter memory map in link array chain transfer mode
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13.8.2 Setting of link array chain transfer mode

Figures 13.8.3 through 13.8.5 show an initial setting example for registers relevant to the link array chain
transfer mode.

In addition, when timer A, timer B, UART, or the A-D converter is selected as a DMA request source, the
setting for the peripheral is required. For details of the setting, refer to the chapter of each peripheral
function.

When a DMAI interrupt is used, the setting for enabling the interrupt is also required. For details, refer to
“CHAPTER 7. INTERRUPTS.”

When external DMA source is selected When internal DMA source is selected

~

/Setting port P9 direction register
|b7| | | | | | | b0| Port P9 direction register (Address 1516)

DMAREQO pin
DMAREQ1 pin
DMAREQ?2 pin
DMAREQ3 pin

Clear the corresponding bit to “0.”

o /

NN NN NN NN NN EENE NN NN EEEEN

(AN RRERY

~

Setting interrupt priority level

DMAi interrupt control register (i = 0 to 3)
(Addresses 6Cis6 to 6F16)

Interrupt priority level select bits

When using interrupts, set these bits to one of
levels 1to 7.

When disabling interrupts, set these bits to
level 0.

- /

b7 b0
|

Continue to “Figure 13.8.4” on next page.

Fig. 13.8.3 Initial setting example for registers relevant to link array chain transfer mode (1)
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From preceding “Figure 13.8.3”

\

DMAO mode register L (Address 1FCCus)
DMA1 mode register L (Address 1FDCze)
DMA2 mode register L (Address 1FECis)
DMAS3 mode register L (Address 1FFCie)
L Number-of-unit-transfer-bits select bit

0: 16 bits

1:8 bits

/ Selection of transfer mode and each function

b7 b0

LL LT Jof []

L Transfer method select bit
0 : 2-bus cycle transfer
1: 1-bus cycle transfer

Transfer mode select bit
0 : Burst transfer mode
1: Cycle-steal transfer mode

Transfer source address direction select bits
00 : Fixed

0 1: Forward

10: Backward

11: Do not select.

Transfer destination address direction select bits
00 : Fixed

0 1: Forward

10 : Backward

11: Do not select.

[ ]

b0 DMAO mode register H (Address 1FCDzs)
I 0 I 0 I I | DMA1 mode register H (Address 1FDDz16)
L DMA2 mode register H (Address 1FEDzs)

DMA3 mode register H (Address 1FFDaie)

Transfer direction select bit (Used in 1-bus cycle transfer)
0 : From memory to 1/O

1: From I/O to memory

1/0 connection select bit (Valid in 1-bus cycle transfer)

0 : Data bus Do-D7 or Do—Dis

1: Data bus Ds-Dis

Transfer source wait bit (Valid in DMA transfer)
0 : Wait
1: No wait

Transfer destination wait bit (Valid in DMA transfer)
0 : Wait
1 : No wait

Selection of link array chain transfer mode

o

/

DMAO control register (Address 1FCEzs)
DMAL control register (Address 1FDEzs)
DMA2 control register (Address 1FEEze)
DMAB control register (Address 1FFEze)

b7 b0

DMA request source select bits

0000 : Do not select. 1000: Timer BO
0001 : External source (DMAREQi) 100 1: Timer B1
0010 : Software DMA source 1010 : Timer B2
0011:Timer AO 1011:UARTO receive
0100: Timer Al 1100 : UARTO transmit
0101: Timer A2 1101 :UART1 receive
0110:Timer A3 1110:UART1 transmit
0111:Timer A4 1111:A-D conversion

Edge sense/Level sense select bit (Note)
0: Edge sense
1: Level sense

DMAACK:i validity bit
0 : Invalid
1: Valid

o

Note: When an external source (DMAREQI)
is selected or when the cycle steal
transfer mode is selected, set this bit
to “0.”

Continue to “Figure 13.8.5" on next page.

b23)  (b16)(b15; b8
(b7) (b(%ﬂ ) (b[))b7

L | | |

|

(b23) (b16)(b15)  (b8)
b7 b0b7 bOb7

L | | |

L
\

Source address register 1

of block which is first transferred.

Set the dummy data.
These bits can be set to “00000116” to “FFFFFFie.”

Set the start address of transfer parameter memory

These bits can be set to “00000016" to “FFFFFF16.”

b0 Source address register 0 (Addresses 1FC216 to 1FC016) (SARO)
(Addresses 1FD216 to 1FDO016) (SAR1)
Source address register 2 (Addresses 1FE216 to 1FEO16) (SAR2)
Source address register 3 (Addresses 1FF216 to 1FF016) (SAR3)

po Transfer counter register O (Addresses 1FCAz16 to 1FC816) (TCRO)
Transfer counter register 1 (Addresses 1FDA16 to 1FD816) (TCR1)
Transfer counter register 2 (Addresses 1FEAz16 to 1FE816) (TCR2)
Transfer counter register 3 (Addresses 1FFA16 to 1FF816) (TCR3)

Notes 1: When writing to these registers,
write to all 24 bits.
2: Do not write “0000001¢” to TCRi.

lesssmunnunn

Fig. 13.8.4 Initial setting example for registers relevant to link array chain

transfer mode (2)
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From preceding “Figure 13.8.4"

/Selection of priority level and TC pin, and setting DMAI request bit to “0”

b7 bo
| 0 | 0 | O| 0| | | | | DMAC control register L (Address 6816)

Priority select bit
0: Fixed
1: Rotating

TC pin validity bit
0 : Invalid

(P10s pin functions as a programmable I/O port.)
1:Valid _

(P10s pin functions as TC pin.)

DMAO request bit
DMAL request bit
DMA2 request bit
DMAB3 request bit

0 : No request

4 N

b7 b0
| | | | | | | | |DMACcontro| register H (Address 6916)

u—LL Software DMAI request bit

(Valid in software DMA source selected)
Bit 0 : Channel 0
Bit 1: Channel 1
Bit 2 : Channel 2
Bit 3 : Channel 3

DMAO enable bit

DMAL1 enable bit D
DMAZ enable bit Dioanie
DMA3 enable bit ’

- /

When selecting external When selecting internal When selecting internal DMA
DMA source DMA source source except software
RN RN RN NN NN RN NN NN ERENE NN EENNENEEERENEEEEREENENER
When selecting software
DMA request

Interrupt request of
each peripheral
function occurs

Inputting DMA request b7 b0
| | | | | | | | |DMAC control register H (Address 6916)

signal to DMAREQI pin

L Software DMAO request bit
— Software DMAL request bit 0: No request
Software DMA2 request bit .

Software DMA3 request bit 1: Requested

When writing “1,” DMA request is generated.

YLl

DMA transfer starts

Fig. 13.8.5 Initial setting example for registers relevant to link array chain transfer mode (3)
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13.8.3 Operation in link array chain transfer mode

Figure 13.8.6 shows the operation flowchart of the link array chain transfer mode, and Figures 13.8.7 and
13.8.8 show timing diagrams of the link array chain transfer mode (burst transfer mode). In addition, Figure
13.8.9 shows the conditions necessary for timings shown in Figures 13.8.7, 13.8.8, and 13.8.10 through
13.8.14.

For the cycle-steal transfer mode, refer to the following:

» Transfer of transfer parameters in an array state: Figures 13.8.10 and 13.8.11

« All transfers except for that in an array state and except for the last 1-unit transfer of each block: Figure
13.8.12

e Last 1-unit transfer of each block except for the last block: Figure 13.8.13

e Last 1-unit transfer of the last block: Figure 13.8.14

The processing performed in the link array chain transfer mode consists of an array state and a transfer
state.

(1) Array state
In an array state, transfer parameters are read from the transfer parameter memory in a unit of 2
bytes and transferred to registers SARi, DARI, and TCRi and their latches. As shown in Figure
13.8.2, a transfer parameter consists of 4 bytes (24 bits of data + 8 bits of dummy data).
One bus cycle always consumes 3 cycles of ¢.
During an array state, the DMAACKi pin outputs “H" level.

For the bus request sampling in an array state, refer to section “13.2.1 Bus access control circuit.”

(2) Transfer state
Data is transferred in a transfer state.

For the bus request sampling in a transfer state, refer to section “13.2.1 Bus access control
circuit.”
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On and after
second

First of each block ?

First

SARi ~ Transfer parameter (Note)

(Transfer source’s transfer start address)
DARI — Transfer parameter (Note)

(Transfer destination’s transfer start address)
TCRi ~ Transfer parameter

(Byte number of transfer data)
SARI latch ~ Transfer parameter (Start address of

next transfer parameter memory)

DMAI request bit —~ 0
(Only in cycle-steal transfer mode)

1-unit transfer Burst-Edge
(Refer to section “13.4 Operation.”) Burst-Level-L
Cycle-steal-Requested

Transfer completion
of 1 block ?

Burst-Edge
Burst-Level-L
Cycle-steal-Requested

DMAI request bit ?

Transfer
completion of all blocks ?
ARilatch=07

0 Burst:-Level-H
Cycle-steal-No request

Y. Completion

TCHL” output (Note)
DMAI interrupt request bit « 1
DMAI enable bit ~ 0

DMAI request bit ?

0 Note: When TC pin validity bit is “1”
Burst-Level-H
Cycle-steal-No request DMAI request bit — 0

(Only in burst transfer mode (edge sense))

Burst-Edge . In burst transfer mode (edge sense)

Burst-Level-L : In burst transfer mode (level sense) with DMAREQI pin’s input level = L
Burst:Level-H . In burst transfer mode (level sense) with DMAREQI pin’s input level = H
Cycle-steal-Requested : In cycle-steal transfer mode with any request of DMAO-3
Cycle-steal-No request . In cycle-steal transfer mode with no request of DMAO-3

SARI latch indicates the start address of the transfer parameter memory of the next block.

Note: The above figure applies when 2-bus cycle transfer is performed.
When data is transferred from memory to 1/0 in 1-bus cycle transfer, there is no “DARi — Transfer parameter.”
When data is transferred from 1/0O to memory in 1-bus cycle transfer, there is no “SARi ~ Transfer parameter.”

Fig. 13.8.6 Operation flowchart of link array chain transfer mode
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Figure 13.8.9 shows the conditions necessary for timings shown in Figures 13.8.7, 13.8.8, and 13.8.10

through 13.8.14.

External data bus width
Transfer unit

Transfer method
Transfer mode

Transfer source address direction
Transfer destination address direction
Transfer source Wait

Transfer destination Wait

sal, sa2, dal, da2

tpl

Transfer block’s number

Right to use bus

Memory
tpl sal
tpl+4
P dal First block'’s transfer
tp1+8 m parameter
tp1+12 tp2
tp2 sa2
tp2+4 da2 Second block’s
tp2+8 n transfer parameter
tp2+12| 00000016

sal+m-1

sa2+n-1

Memory Memory

sal dal
First block transfer

dal+m-1

sal+m dal+m

sa2 da2
Second block transfer

da2+n-1

saz2+n da2+n

: 16 bits

: 16 bits

: 2-bus cycle transfer

: Burst (“Figure 13.8.7" and “Figure 13.8.8")

: Cycle-steal (“Figure 13.8.10" through “Figure 13.8.14")
: Forward

: Forward

:No

:No

: Transfer parameter (even)

: Start address of first block’s transfer parameter memory

12
:CPU - DMAC - CPU

Fig. 13.8.9 Conditions necessary for timings shown in Figures 13.8.7, 13.8.8, and 13.8.10 through

13.8.14
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Fig. 13.8.11 Timing diagram of cycle-steal transfer mode (2)
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e 1-unit transfer
1-unit transfer is performed with a DMAI request on the following conditions:
* Single transfer mode (except for the last 1-unit transfer)
» Repeat transfer mode (except for the last 1-unit transfer of block)
* Array chain transfer mode (except for the first and last 1-unit transfers of each block)
« Link array chain transfer mode (except for the first and last 1-unit transfers of each block)

Spiigingiglininiy

ALE
E ]
R/W

Ao—A7 X PCLX (sal+2)L X (dal1+2)L XPCL)C

As/Ds—A15/D15 :X PCH X(sal+2)9< DaIaHXdal+2)M DataHX PCH X:

A16/Do—A23/D7 :X PG IX(sal+2))( Datay X(at+2)X DataLX PG X:

Bus request sampling |—|

DMAACKI .
— H— : :
TC : ! :
ST1, STO X 1,0 (DMAC) X 1,1 (cpPu)
' E‘ 1-unit transfer E '
1 1 1 1
Transition of right Transition of right
to use bus to use bus

e The above figure is the example of the second 1-unit transfer for processing the first block in “Figure 13.8.9.”
e The Bus request caused by DRAM refresh, Hold, or DMA is sampled while the Bus request sampling signal is
“H,” and is accepted.

Fig. 13.8.12 Timing diagram of cycle-steal transfer mode (3)
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e Last transfer of each block
At the last term (except for the last block) for processing of each block in the repeat, array chain,
and link array chain transfer modes, 1-unit transfer is performed with one DMAI request, and the
right to use bus is relinquished after 3 cycles of ¢.

ninininininininginlin

ALE |

3 s B e N

RIW

Ao—A7 X PCL X(sa1+m—2)LX (da1+m—2)LX (sal+m)L X chX:

As/Ds—A15/D15 :X PCHXsal+m-2)M DataHXda_’Hm-Z)M DataHX (sal+m)wm X PCHX:

A16/Do—A23/D7 :X PG Xsa1+m-2)H DataLXdal+m-2)rXDataLl>< (sal+m)u X pGIX:

Bus request sampling
DMAACK:I

i

—

ST1, STO X 1,0 (DMAC) X 1,1(CPU)

— H— : :
TC ' ' |
: o 1-unit transfer : :
< -
Transition of right Transition of right
to use bus to use bus

e The above figure is the example of the last term for processing the first block in “Figure 13.8.9.”
e The Bus request caused by DRAM refresh, Hold, or DMA is sampled while the bus request sampling signal is “H,” and
is accepted.

Fig. 13.8.13 Timing diagram of cycle-steal transfer mode (4)
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e Last transfer of last block
At the last term for processing the last block in the single, array chain, and link array chain
transfer modes, 1-unit transfer and terminate processing are subsequently performed with

one DMAI request.
01

ALE

E_|

R/W

Ao—A7 X PCL X (sa2+n-2)L X (da2+n-2)L X (sa2+n)L X PCLX:
As/Ds—A15/D15s :XPCH X562+n-2)m DataHXdaM—Z)M DataHX (sa2+n)m X chX:

A16/Do—A23/D7 j( PG XsaZ+n-2)H Datal_Xiazm—z)H DataLX (sa2+n)H X PG><:

Bus request sampling :
DMAACKI |

— H—— —
TC ' ' : |
ST1, STO X 1, 0 (DMAC) X 1, 1(CPU)
: L 1-unit transfer " Terminate processing | i
Transition of Transition of
right to use bus right to use bus

e The above figure is the example of the last term for processing the second block in “Figure 13.8.9.”
e The Bus request caused by DRAM refresh, Hold, or DMA is sampled while the bus request sampling
signal is “H,” and is accepted.

Fig. 13.8.14 Timing diagram of cycle-steal transfer mode (5)
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[Precautions for link array chain transfer mode]

If the following two conditions are satisfied when the transfer unit is 16 bits and the address direction of
transfer source or destination is fixed, the link array chain transfer mode can be used:
e The external data bus width = 16 bits or the internal memory is used.

» The transfer start address on the address-direction-fixed side is an even address.
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13.9 DMA transfer time

Calculation of time from the CPU'’s relinquishing the right to use bus until its regaining the right under the
following conditions is described with reference to cycles of ¢

« A DMAI request is generated while the CPU holds the right to use bus.

» The above right is returned to the CPU after completion of DMA transfer for one DMA request.

For the time per 1-unit transfer, refer to section “13.4.1 (2) Bus operation in 2-bus cycle transfer” and
section “13.4.2 (2) Bus operation in 1-bus cycle transfer.”

Also, for the time from DMA request generation until the start of the DMA transfer, refer to section “13.3.4
Processing from DMA request until DMA transfer execution”: and for that from issuing instructions for
forced termination until returning the right to use bus to the CPU, refer to section “13.3.5 (2) Forced
termination.”

13.9.1 Cycle-steal transfer mode

(1) 21-unit transfer
In the following cases, 1-unit transfer is performed at one DMAI transfer. (Refer to “Figure 13.8.12." )
 Single transfer mode: except for the last 1-unit transfer
» Repeat transfer mode: except for the last 1-unit transfer of a block
» Array chain transfer mode: except for the first and last 1-unit transfers of each block
* Link array chain transfer mode: except for the first and last 1-unit transfers of each block

Right to use
bus CPU DMAC CPU
Transition Transfer Transition
:<_>:<—><_>D g 0 g

Fig. 13.9.1 1-unit transfer

O Transition of the right to use bus from CPU to DMAC: 1 cycle
O DMA transfer per 1-transfer unit:
* In 2-bus cycle transfer---Read cycle + Write cycle
(Add a value which satisfies the read/write conditions. Refer to “Table 13.4.1.” )
* In 1-bus cycle transfer---Refer to “Table 13.4.5.”
O Transition of the right to use bus from DMAC to CPU: 1 cycle

[Example]
2-bus cycle transfer, transfer unit =16 bits, external data bus width = 16 bits, and under the following
conditions:
e Transfer source: address direction = forward, start address of data = even, with Wait
* Transfer destination: address direction = backward, start address of data = even, without
Wait
O+0+0=1+(3+4)+1=09cycles
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(2) Last transfer of each block
In the following cases, 1-unit transfer and the processing for 3 cycles are performed sequentially.
(Refer to “Figures 13.8.13 and 13.8.14." )
» Single transfer mode: the last 1-unit transfer
* Repeat transfer mode: the last 1-unit transfer of a block
e Array chain transfer mode: the last 1-unit transfer of each block (including the last block)
e Link array chain transfer mode: the last 1-unit transfer of each block (including the last block)

Rightto use — cpy DMAC CPU
bus r
TI . ‘Termination
ransition  Transfer v ete JJransition
-—
O O [l O

Fig. 13.9.2 Last transfer of each block

O Transition of the right to use bus from CPU to DMAC: 1 cycle
O DMA transfer per 1-unit transfer:
« In 2-bus cycle transfer---Read cycle + Write cycle
(Add a value which satisfies the read/write conditions. Refer to “Table 13.4.1.” )
e In 1-bus cycle transfer---Refer to “Table 13.4.5."
O Terminate processing or the last processing of each block: 3 cycles
O Transition of the right to use bus from DMAC to CPU: 1 cycle

[Example]
2-bus cycle transfer, transfer unit =16 bits, external data bus width = 16 bits, and under the following
conditions:
» Transfer source: address direction = forward, start address of data = even, with Wait
» Transfer destination: address direction = backward, start address of data = even, without Wait
O0+0+0+0=1+(3+4)+3+1=12 cycles
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(3) Transfer of array state
In the following cases, the processing in an array state and the first 1-unit transfer are performed
sequentially. (Refer to “Figures 13.8.10 and 13.8.11.” )
* Array chain transfer mode: the first transfer of each block
 Link array chain transfer mode: the first transfer of each block

Right to use

bus CPU DMACI CPU

Transition Array state . Transfer Transition
: : ' —

|<—>I<—>I<—>I '
O O O O

Fig. 13.9.3 Transfer of array state

O Transition of the right to use bus from CPU to DMAC: 1 cycle
O Array state:
The number of transfer parameters x the number of reads of a transfer parameter x the number
of bus cycles for a read + 1 cycle (Refer to “Table 13.9.1.” )
O DMA transfer per 1-unit transfer:
* In 2-bus cycle transfer---Read cycle + Write cycle
(Add a value which satisfies the read/write conditions. Refer to “Table 13.4.1.” )
e In 1-bus cycle transfer---Refer to “Table 13.4.5.”
O Transition of the right to use bus from DMAC to CPU: 1 cycle

[Example]
Link array chain transfer mode, external data bus width = 16 bits, 2-bus cycle transfer, transfer unit
=16 bits, and under the following conditions:
e Transfer source: address direction = forward, start address of data = even, with Wait
* Transfer destination: address direction = backward, start address of data =odd, with Wait
O0+0+0+0=1+25+(3+4)+1=34cycles

Table 13.9.1 Time required for processing in array state

External data Number of transfer | Number of reads of Time required for
Mode bus width Transfer method parameters a transfer parameter| processing in array state
(Unit: @ cycle)

Array chain 16 bits 2-bus cycle transfer 3 2 3x2x3+1=19
transfer mode (Including internal bus) | 1-bus cycle transfer 2 2 2x2x3+1=13
8 bits 2-bus cycle transfer 3 4 3x4x3+1=37

1-bus cycle transfer 2 4 2x4x3+1=25

Link array chain 16 bits 2-bus cycle transfer 4 2 4x2x3+1=25
transfer mode (Including internal bus) | 1-bus cycle transfer 3 2 3x2x3+1=19
8 bits 2-bus cycle transfer 4 4 4 x4 x3+1=49

1-bus cycle transfer 3 4 3x4x3+1=37
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13.9 DMA transfer time

13.9.2 Burst transfer mode

(1) Single transfer mode

Right to use CPU DMAC CPU
bus r

Transition  Transfer  TerminationTransition
-t 14— <1>

o 0 0 0

Fig. 13.9.4 Single transfer mode (burst transfer mode selected)

O Transition of the right to use bus from CPU to DMAC: 1 cycle
O DMA transfer per an entire batch of data:
* In 2-bus cycle transfer---(Read cycle + Write cycle’!) x the number of transfers®?
01: Add a value which satisfies the read/write conditions. Refer to “Table 13.4.1.”
02: When the transfer unit is 16 bits, the number of transfers = the number of transfer
bytes/2
When the transfer unit is 8 bits, the number of transfers = the number of transfer bytes
e In 1-bus cycle transfer---Refer to “Table 13.4.5."
O Terminate processing: 3 cycles
O Transition of the right to use bus from DMAC to CPU: 1 cycle

[Example]
External data bus width = 16 bits, 2-bus cycle transfer, transfer unit =16 bits, the number of the
transfer bytes = 10 bytes, and under the following conditions:
» Transfer source: address direction = forward, start address of data = even, with Wait
» Transfer destination: address direction = backward, start address of data = even, without Wait
O+0+0+0 =1+5(3+4)+(3+1)=40cycles
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13.9 DMA transfer time

(2) Repeat transfer mode
In the repeat transfer mode of burst transfer (edge sense), the method of terminating DMA transfer
is only the forced termination by the TC input. Therefore, the time from the CPU’s relinquishing the
right to use bus until regaining the right depends on the timing of the TC input.

TC input ({ | ]

Right to use ~ cpy DvMAC | CPU
bus ' . r " .
Tlransitiorll Transferi 'Transfe'r Transfer fransitio'n
— > -t
O 0 O g O ad a
-
1 block

Fig. 13.9.5 Repeat transfer mode (burst transfer mode and edge sense selected)

O Transition of the right to use bus from CPU to DMAC: 1 cycle
O DMA transfer per 1 block:
e In 2-bus cycle transfer---(Read cycle + Write cycle”?) x the number of transfers®?
01: Add a value which satisfies the read/write conditions. Refer to “Table 13.4.1.”
02: When the transfer unit is 16 bits, the number of transfers = the number of transfer
bytes/2
When the transfer unit is 8 bits, the number of transfers = the number of transfer bytes
e In 1-bus cycle transfer---Refer to “Table 13.4.5.”
O Terminate processing: 3 cycles
O DMA transfer of the block at the TC input: above O
The number of transfers is assumed to be up to the DMA transfer of 1-unit transfer which was in
progress at the TC input.
O Transition of the right to use bus from DMAC to CPU: 1 cycle

[Example]

External data bus width = 16 bits, 2-bus cycle transfer, transfer unit =16 bits, the number of the

transfer bytes = 10 bytes, and under the following conditions:

» Transfer source: address direction = forward, start address of data = even, with Wait

e Transfer destination: address direction = backward, start address of data = even, without Wait

e TC is input when the “m”"th byte (m = even) of the “n"th block is in transfer.
O+n-1)@+0)+0+0=1+Nn-1){5(3+4)+3+m/2+1=238n+ m/2—- 36 cycles
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13.9 DMA transfer time

(3) Array chain transfer mode and Link array chain transfer mode

Right to use CPU | | DMAC
bus ! ! ; . :

Transition: Array state: Transfer

Fig 13.9.6 Array chain transfer mode and Link array chain transfer mode

O Transition of the right to use bus from CPU to DMAC: 1 cycle
O Array state:
The number of transfer parameters x the number of reads of a transfer parameterx the number
of bus cycles for a read + 1 cycle (Refer to “Table 13.9.1." )
O DMA transfer per an entire batch of data:
e In 2-bus cycle transfer---(Read cycle + Write cycle”’?) x the number of transfers®?
01: Add a value which satisfies the read/write conditions. Refer to “Table 13.4.1.”
02: When the transfer unit is 16 bits, the number of transfers = the number of transfer
bytes/2
When the transfer unit is 8 bits, the number of transfers = the number of transfer bytes
e In 1-bus cycle transfer---Refer to “Table 13.4.5."
O Last processing of each block: 3 cycles
O Terminate processing: 3 cycles
O Transition of the right to use bus from DMAC to CPU: 1 cycle

[Example]
Array chain transfer mode, external data bus width = 16 bits, 2-bus cycle transfer, transfer unit =16
bits, the number of transfer blocks = 3, and under the following conditions:
» Transfer source: address direction = forward, without Wait
» Transfer destination: address direction = backward, without Wait
* First block: transfer source’s data start address = even, transfer destination’s data start address
= even, the number of transfer bytes =10 bytes
» Second block: transfer source’s data start address = even, transfer destination’s data start address
=odd, the number of transfer bytes =12 bytes
« Third block: transfer source’s data start address =odd, transfer destination’s data start address
=odd, the number of transfer bytes =14 bytes
o+0+0+0+0+0+0+0+0+0+0
=1+19+52+4)+3+19+6(2+3)+3+19+ 74+ 3)+3+1=177 cycles
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MEMORANDUM
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DRAM CONTROLLER

14.1 Overview, 14.2 Block description

14.1 Overview

Table 14.1.1 lists the performance specifications of DRAM controller (hereafter called DRAMC).

Table 14.1.1 Performance specifications of DRAMC

Item

Performance specifications

DRAM area

0 to 15 Mbytes; programmable in a unit of 1 Mbyte

Refreshing method

CAS before RAS; dispersive refreshing

Refresh timer

8 bhits

Multiplexed address pins

10

14.2 Block description
Figure 14.2.1 shows the block diagram of DRAMC. Registers relevant to DRAMC are described below.

f(XiN)
Q Refresh request\ Bus Access
1/16 controller
i i fis i i i i i i i i i i i i i
Y
Refresh timer RAS a_nd C.AS_ RAS
1/(n+1) generating circuit CAS
A
Bits 0-3 >
DRAM
Address comparator
control register j> P
A20—A23 Y
Ao—A20
Address > Address multiplexer MAo—MAs9

Fig. 14.2.1 Block diagram of DRAMC
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14.2 Block description

14.2.1 DRAM control register
Figure 14.2.2 shows the structure of the DRAM control register.

b7 b6 b5 b4 b3 b2 bl bO

I:-:I:I:I:I DRAM control register (Address 6416)

Bit

Bit name

Functions

At reset

RwW

_————

DRAM area select bits

b3 b2 bl b0
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

No DRAM area
FO00001-FFFFFFs (1 Mbyte)
E0000016-FFFFFF1s (2 Mbytes)
D000001s-FFFFFFis (3 Mbytes)
C0000016-FFFFFF1s (4 Mbytes)
B00000:s—FFFFFF1s (5 Mbytes)
A0000016-FFFFFF1s (6 Mbytes)
900000:6-FFFFFFis (7 Mbytes)
80000016—FFFFFF1s (8 Mbytes)
700000:6-FFFFFFis (9 Mbytes)
60000016—FFFFFF1s (10 Mbytes)
500000:6-FFFFFFs (11 Mbytes)
40000016-FFFFFF16 (12 Mbytes)
300000:6-FFFFFF:s (13 Mbytes)
20000016—FFFFFF16 (14 Mbytes)
10000016—FFFFFF16 (15 Mbytes)

0

RW

RW

RW

RW

b mmmcccc;;r;;; ;e ;e ;e e ;e e e e —m—————————————— ]

6to 4

Nothing is assigned.

The value is “0” at reading.

DRAM validity bit (Note)

0 : Invalid (P104—P107 pins function
as programmable input ports. Ao—
A pins function as address
output pins. Refresh timer stops
counting.)

1: Valid

CAS,

(P104—P107 pins function as
RAS, MAs, and MAg. Ac—A7

function as MA—MA7. Refresh
timer starts counting.)

RW

Note: Set the refresh timer (address 6616) before setting this bit to “1.”

Fig. 14.2.2 Structure of DRAM control register
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14.2 Block description

(1) DRAM area select bits (bits 0 to 3)
These 4 bits specify a DRAM area of 15 Mbytes maximum in a unit of 1 Mbyte. Figure 14.2.3 shows
setting examples of DRAM areas.

1 Mbyte 4 Mbytes 8 Mbytes 15 Mbytes
00000016 00000016 00000016 00000016
10000016
80000016 Maximum
C0000016
F0000016 —
FFFFFFis| Minimum | FFFFFFe FFFFFF1s FFFFFF1s
DRAM area DRAM area
0001 0100 1 1111
select bits ( ) ( ?) (10002) ( )
(Bits 3-0)

Fig. 14.2.3 Setting examples of DRAM areas
(2) DRAM validity bit (bit 7)
When this bit is set to “1,” pin functions for DRAM control become valid, and the refresh timer starts

counting. Table 14.2.1 lists the pin functions for DRAM control.

Table 14.2.1 Pin functions for DRAM control

Pins
DRAM Operation Ao/MAo P10s/MAs, P104/CAS, As6/Do—A2s/D1, STO, ST1
validity bit —-A7/MA7 P107/MAs P10s/RAS Ae/Ds—A1s/D1s,
RIW, E, BLE, BHE
Accessing MAo—MA: MAs, MAs CAS, RAS Ase/Do—A2s/D7, STO, ST1
DRAM area Ae/De—Au1s/D1s,
RIW, E, BLE, BHE
1 DRAM refresh Ao—A7 MAs, MAs CAS, RAS Aus/Do—Azs/D, STO, ST1
As/Ds—Aus/Dis ([0,0] is
RIW, E, BLE, BHE output.)
Other than Ao—A7 MAs, MAs CAS, RAS Ase/Do—Azs/D7, STO, ST1
the above As/De—A15/D1s,
RIW, E, BLE, BHE
Ao—A7 P10s, P10~ P104,P10s A16/Do—A23/D7, STO, ST1
0 — As/Ds—Ais/Dis
RIW, E, BLE, BHE

14-4
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14.2 Block description

14.2.2 Refresh timer

The refresh timer is an 8-bit timer with a reload register and is used to generate refresh requests for DRAM
data. Assuming that the set value of the refresh timer = “n,” the refresh timer counts fis (n + 1) times. Figure
14.2.4 shows the structure of the refresh timer, and the following formula gives the value to be written to

the refresh timer.

_ f(Xin) _
n={mJ[us] d T } -1

n: a set value of the refresh timer (n = 011—FFus)

m:a refresh interval

Examples of “m”: an average of 15.625 us for 512 refresh cycles at 8-ms intervals

an average of 125 us for 512 refresh cycles at 64-ms intervals

b7 b0

Refresh timer (Address 6616)

Bit

Functions

At reset

RW

............... 7t00

These bits can be set to “0116” to “FFis.”
Assuming that the set value = n, this register divides fis by
(n+1).

Undefined

WO

Note: Use the LDM or STA instruction for writing to this register.

Do not set this register to “001s.”

Fig. 14.2.4 Structure of refresh timer
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14.2 Block description

14.2.3 Address comparator
The address comparator examines whether the address to be accessed is within the DRAM area. When

this address is within DRAM area, control signals are sent to the RAS and CAS generating circuit and the
address multiplexer.

14.2.4 RAS and CAS generating circuit
The RAS signal (a timing signal to latch a row address) and the CAS signal (a timing signal to latch a

column address) are generated by a control signal from the address comparator.

14.2.5 Address multiplexer
Address data is time-shared by the control signal from the address comparator and is output to the MAo—

MAs pins. The time-sharing method depends on the external bus width. Table 14.2.2 lists the time-sharing
method for the address at DRAM access. When the 8-bit external bus width is selected, Ao—A19 are time-
shared and are output; when the 16-bit external bus width is selected, Ai—Az are time-shared and are

output.

Table 14.2.2 Time-sharing method for address at DRAM access

Pin name Ao/MAo|Ar/MAL | A2/MA2| As/IMAz | As/MA4 | AsIMAs | As/MAs | A7/MA7 |P10s/MAs|P107/MAs
‘S|8-bit external |Row address Ao A1 Az As As As As A7 Ass Aus
?) bus width Column address| As Ao Ao A1 A1 Az Ais Aais A7 Ao
é 16-bit external|Row address A Az A2 As As As As A7 Ais Ao
8 bus width Column address| As Ao Ao A1 A2 A1z Ais Aais A7 Ao
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14.3 Setting for DRAMC

14.3 Setting for DRAMC

Figure 14.3.1 shows an initial setting example for registers relevant to DRAMC.

Division ratio setting for refresh timer
b7 b0

| Refresh timer (Address 6616)

T— Can be set to “0016” to “FF16” (n).

Refresh timer divides fis by (n+1).

/

DRAM area setting and DRAM validity selection

b0

O T
T1T

b3b2b1 b0

0000
0001
0010
0011:
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

| DRAM control register [Address 641s6]

DRAM area select bits

No DRAM area

Addresses FO000016—FFFFFF16 (1 Mbyte)
Addresses E0000016—FFFFFF16 (2 Mbytes)
Addresses D0000016—FFFFFF16 (3 Mbytes)
Addresses C0000016—FFFFFF16 (4 Mbytes)
Addresses B0000016—FFFFFF16 (5 Mbytes)
Addresses A0000016—FFFFFF16 (6 Mbytes)
Addresses 90000016—FFFFFF16 (7 Mbytes)
Addresses 80000016—FFFFFF16 (8 Mbytes)
Addresses 70000016—FFFFFF16 (9 Mbytes)
Addresses 60000016—FFFFFF16 (10 Mbytes)
Addresses 50000016—FFFFFF16 (11 Mbytes)
Addresses 40000016—FFFFFF16 (12 Mbytes)
Addresses 30000016—FFFFFF16 (13 Mbytes)
Addresses 20000016—FFFFFF16 (14 Mbytes)
Addresses 10000016—FFFFFF16 (15 Mbytes)

DRAM is valid.
(P104-P107 pins function as CAS,RAS, MAs, and MAo.
Ao—A7 function as MAo—MA7 when accessing the DRAM

area. Refresh timer starts counting.)

/

*During DRAM area access, CAS, RAS, and MAo—MAg are output.
*Each time an underflow of the refresh timer occurs, CAS and RAS for refresh are output.
«During refresh, STO and ST1 output “L” level.

Fig. 14.3.1 Initial setting example for registers relevant to DRAMC
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14.4 DRAMC operation

14.4 DRAMC operation

14.4.1 Waveform example of DRAM control signals

Figure 14.4.1 shows a waveform example of the DRAM control signals. When DRAM is accessed, the bus
cycle is always with “wait” (the low-level width of E is equivalent to 2 cycles of ¢). It is not affected by the
wait bit, the wait bit of the transfer source, and the wait bit of the transfer destination.

1)

(2)

(3

Read Cycle

In the read cycle, the CAS signal falls with a delay of 0.5 cycle of g after the RAS signal has changed
from “H” to “L.” The address bus signal changes from “row address” to “column address” within a
period from a fall of RAS until a fall of CAS.

Pins Ais/Do—A23/D7 and As/Ds—Ais/D1s output addresses and input data in the same way as in reading
external devices other than DRAM.

Write Cycle

In the write cycle, the CAS signal falls with a delay of 1 cycle of @ after the RAS signal has changed
from “H” to “L.” The address bus signhal changes “row address” to “column address” within a period
from a fall of RAS until a fall of CAS.

Pins Ais/Do—A23/D7 and As/Ds—Ais/D1s output addresses and data in the same way as in writing external
devices other than DRAM.

Refresh Cycle

In the refresh cycle, the RAS signal falls with a delay of 0.5 cycle of ¢ after the CAS signal has
changed from “H” to “L.”

R/W is undefined.

One refresh request requires 5 cycle of ¢, including the time for passing the right to use buses.

14-8
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14.4 DRAMC operation

(a) At reading

e I S I S N S

e
o ] |

RIW

MAo—MAs9 >< Row address >< Column address

A16/Do—A23/D7
ST S
As/Ds—A15/D15

<
<

(b) At writing

A16/Do—A23/D7
>< Address >< Data
As/Ds—A15/D15

Write cycle (1 bus cycle)

(c) At refresh

—
—

—

B

MAo-MAs X Rowaddress X Column address >C
X

I

e

RIW Undefined ><
MAo-MAs Undefined ><
A16/Do—A23/D7 - Floatin
X Undefined >g ----------- Undefined
As/Ds—A15/D1s
Transition of right to use bus Refresh cycle Transition of right to use bus
<>

Fig. 14.4.1 Waveform example of DRAM control signals
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14.4 DRAMC operation

14.4.2 Refresh request

O When the DRAM validity bit is set to “1,” the refresh timer starts counting down. The count source is
f1e.

O When the contents of the refresh timer reach “001s,” a refresh request occurs. The refresh timer reloads
the contents of address 6615 and continues counting.

O Refresh requests are sampled as bus requests (DRAMC) by using the bus access controller.
As soon as a refresh request is acknowledged by sampling, the following O is performed because DRAM
refresh has the highest priority in using the bus.
However, when the CPU or DMAC uses the bus, no bus request is sampled until the CPU or DMAC
releases the bus.
Therefore, in a period from when a refresh request occurs until DRAM refresh is performed, the delay
listed in Table 14.4.1 occurs depending on the refresh request generating timing.
Figures 14.4.2 and 14.4.3 show refresh delay time examples when CPU is operating and during DMA
transfer. For a bus request, refer to “13.2.1 Bus access control circuit.”

O When the refresh request is accepted, the right to use the bus is passed to DRAM refresh (1 cycle of
¢@). Both of the output levels of ST1 and STO are “L.” (The bus status is indicated as [0, 0].)

O The RAS and the CAS signals are output and the DRAM data is refreshed (refresh cycle: 3 cycles of
0.

O The right to use the bus is passed to the CPU, DRAM or Hold (1 cycle of ¢).
The outputs of ST1 and STO change.

Note: In Stop or Wait mode, DRAM refresh is not performed because no refresh request occurs.

Table 14.4.1 Delay time from when refresh request occurs until DRAM refresh is performed

, Delay time (unit: gcycle)
Source of using bus - - - - -
Minimum | Maximum (no Wait) |[Maximum (with Wait)

CPU 1.5 4.5 6.5

Transfer (a unit of 1 transfer) 8.5 12.5

DMAC | Transfer (a unit of 1 transfer) + Complete cycle 1.5 11.5 15.5
Array state 6.5 6.5

Hold 1.5 15 1.5

Note: The above is applied when Ready is not used. The delay time includes the time for passing the right
to use buses to DRAM refresh (1 cycle).
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14.4 DRAMC opera

tion

Bus request sampling

ST1,STO

) 11 (CPU)

X 00 (Refresh) X

Delay time (Min.):

15 cyclles of ¢ Refreshcycle ! : Delay time (Max.): 6.5 cycles of ¢ i Refresh cycle :
> 1 < : > > I
D : PN > >

Transition of right to use bus  Transition of right to use bus

The following are internal signals:
*Refresh request

*Bus request (DRAMC)

*Bus request sampling

Refresh request becomes “0” at an underflow of the refresh timer.

Transition of right to use bus Transition of right to use bus

Fig. 14.4.2 Refresh delay time example when CPU is operating

Refresh request

Bus request sampling

ST1,STO 10 (DMAC)

"W _| |

Bus request (DRAMC)

|
a
X

Delay time (Max.): 12.5 cycles of ¢

A

H Refresh cycle

The following are internal signals:
*Refresh request

*Bus request (DRAMC)

*Bus request sampling

Refresh request becomes “0” at an underflow of the refresh timer.

N 3
> << >
'

Transition of right to use bus

00 (Refresh) X:

Fig. 14.4.3 Refresh delay time example during DMA transfer
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14.5 Precautions for DRAMC

14.5 Precautions for DRAMC
1. Set the refresh timer (address 6616) to any of 0lis—FFis.

2. When a DRAM refresh request occurs during Hold state, a refresh cycle is activated regardless of the
bus state. It is because a bus request is always sampled during Hold state. Therefore, in order to use
the DRAMC together with the Hold function, an external circuit which is controlled depending on the
states of STO and ST1 is required.

3. DRAM refresh is not performed in Stop or Wait mode.
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WATCHDOG TIMER
15.1 Block description

Watchdog functions as follows:

Detects a program runaway.

e Measures a certain time from when oscillation starts owing to terminating Stop mode.

(Refer to section “5.3 Stop mode.” )

15.1 Block description
Figure 15.1.1 shows the block diagram of Watchdog timer.

fa2—o

fs12 fL

Bus request (DRAMC)
Bus request (Hold)

Bus request (DMAC) —

D—‘ Watchdog timer |—<-—> Watchdog timer

CPU wait request

Writing to watchdog timer

register (address 6016)

o>

o 2Vce
RESET O detection
circuit
STP instruction S Qr—

”R

s

interrupt request
L°FEF16" ptreq

is set.

Fig. 15.1.1 Block diagram of Watchdog timer

15-2
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WATCHDOG TIMER
15.1 Block description

15.1.1 Watchdog timer

Watchdog timer is a 12-bit counter where the count source which is selected with the watchdog timer
frequency select bit (bit 0 at address 6116) is counted down. A value “FFFis” is automatically set in
Watchdog timer in the cases listed below. An arbitrary value cannot be set to Watchdog timer.

e When dummy data is written to the watchdog timer register (Refer to “Figure 15.1.2." )
e When the most significant bit of Watchdog timer becomes “0”
e When the STP instruction is executed (Refer to section “5.3 Stop mode.” )
e At reset
b7 b0

Watchdog timer register (Address 6016)

Bit

Functions

At reset

RwW

----------------- 7100

Initializes Watchdog timer.

When dummy data is written to this register, Watchdog

timer’s value is initialized to “FFFi.” (Dummy data: 0016 to FFie)

Undefined

Fig. 15.1.2 Structure of watchdog timer register

15.1.2 Watchdog timer frequency select register
This is used to select a Watchdog timer’s count source. Figure 15.1.3 shows the structure of the watchdog

timer frequency select register.

b7 b6 b5 b4 b3 b2 bl bo

Watchdog timer frequency select register (Address 6116)

A Bit Bit name Functions Atreset| RW
E R o | Watchdog timer frequency select| 0 : fs12 0 RW
T bit 1:f32

D L DRI TTLEPTEEREPERE 7to 1 | Nothing is assigned. Undefined| —

Fig. 15.1.3 Structure of watchdog timer frequency select register
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WATCHDOG TIMER

15.2 Operation description

15.2 Operation description

15.2.1 Basic operation

O Watchdog timer starts counting down from “FFFus.”

0O When the Watchdog timer’'s most significant bit becomes “0” (counted 2048 times), a watchdog timer
interrupt request occurs. (Refer to “Table 15.2.1." )

O When the interrupt request occurs at above [, a value “FFFi6” is set to Watchdog timer.

The watchdog timer interrupt is a non-maskable interrupt. When the watchdog timer interrupt request is
accepted, the processor interrupt priority level (IPL) is set to “111,.”

Table 15.2.1 Occurrence interval of watchdog timer interrupt

request
Watchdog timer f(Xin) = 25 MHz
frequency select bit | Count source | Occurrence interval
0 fs12 41.94 ms
1 faz 2.62 ms
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15.2 Operation description

Write dummy data to the watchdog timer register (address 601s) before the most significant bit of Watchdog
timer becomes “0.” When Watchdog timer is used to detect a program runaway, a watchdog timer interrupt
request occurs if writing to address 6016 is not performed owing to a program runaway and the most
significant bit of Watchdog timer becomes “0.” This means that a program runaway has occurred.

In order to reset the microcomputer when a program runaway is detected, write “1” to the software reset
bit (bit 3 at address 5Ezie) in the watchdog timer interrupt routine.

C Main routine )

Watchdog timer register -«— 8-bit dummy data Watchdog timer initialized
(Address 6016) Value of watchdog timer :

“FFF16” (Note 1)
Watchdog timer
interrupt request occur
(program runaway detected)

@atchdog timer interrupt routine)

Software reset bit -«— “1” (Note 2) :
(Address 5E1s, b3) Reset microcomputer

RTI

Notes 1: Initialize Watchdog timer before the most significant bit of Watchdog timer
becomes “0.” (Write dummy data to address 6016 before a watchdog timer
interrupt request occurs).

2: When a program runaway occurs, values of the data bank register (DT), direct
page register (DPR), etc., may be changed. When “1” is written to the software
reset bit by the addressing mode using DT, DPR, etc., set values to DT and
DPR again.

Fig. 15.2.1 Example of program runaway detection by Watchdog timer
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15.2 Operation description

15.2.2 Stop period

Watchdog timer stops operation in the following period:

O Hold state (Refer to section “3.4 Hold function.” )

O During DMAC operation (Refer to “CHAPTER 13. DMA CONTROLLER.” )
0 During DRAM refresh (Refer to “CHAPTER 14. DRAM CONTROLLER.” )
0 Stop mode

When states O to O are terminated, Watchdog timer restarts counting from the state before it stops
operation. For Watchdog timer’s operation when state [ is terminated, refer to section “15.2.3 Operation
in Stop mode.”

15.2.3 Operation in Stop mode
In Stop mode, Watchdog timer stops operation. Immediately after Stop mode is terminated, Watchdog timer
operates as follows. (Refer to section “5.3 Stop mode.” )

(1) When Stop mode is terminated by hardware reset
Supply of @ and ¢ru starts immediately after Stop mode is terminated, and the microcomputer
performs “operation after reset.” (Refer to “CHAPTER 4. RESET.” ) The watchdog timer frequency
select bit becomes “0,” and Watchdog timer starts counting of fsiz2 from “FFFus.”

(2) When Stop mode is terminated by interrupt request occurrence

Immediately after Stop mode is terminated, Watchdog timer starts counting of f:2 from “FFFi6” regardless
of the contents of watchdog timer frequency select bit (bit O at address 611s). Supply of ¢ and ¢ceu
starts when Watchdog timer’'s most significant bit becomes “0.” (At _this time, a watchdog timer
interrupt request does not occur.)

When supply of ¢ru starts, the microcomputer executes the routine of the interrupt which is used to
terminate Stop mode. Watchdog timer restarts counting of the count source (fs2 or fsi2), which was
counted immediately before executing the STP instruction, from “FFFi.”
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WATCHDOG TIMER

15.3 Precautions for Watchdog timer

15.3 Precautions for Watchdog timer

1. When dummy data is written to address 6016 with the 16-bit data length, writing to address 611 is
simultaneously performed. Accordingly, when the user does not want to change a value of the watchdog

timer frequency select bit (bit 0 at address 611s), write the previous value to the bit simultaneously with
writing to address 601s.

2. When the STP instruction is executed, Watchdog timer stops. (Refer to section “5.3 Stop mode.” )
3. Watchdog timer stops during DRAM refresh, hold state, and DMAC operation. (For Watchdog timer’s

structure, refer to “Figure 15.1.1.” ) Accordingly, when a bus request is changed in the period which is

shorter than 1 cycle of the count source (Note), Watchdog timer’'s count may gain. (Refer to “Figure
15.3.1.")

Note: fs2 or fsi2, which is selected by the watchdog timer frequency select bit

f32 or f512 | |
Count source which is actually—— : :
counted by Watchdog timer_l_,—| |_| |_|_|_|_

In case the bus request is
changed in a period which is
shorter than 1 cycle of fs2 or fs12

Bus request

Fig. 15.3.1 Count source for Watchdog timer
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15.3 Precautions for Watchdog timer

MEMORANDUM
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APPLICATION

16.1 Memory connection

This chapter describes application. Application shown here is just examples. The user shall modify them
according to the actual application and test them.

16.1 Memory connection

This section shows examples for memory and 1/O connection. Refer to “CHAPTER 3. CONNECTION WITH
EXTERNAL DEVICES” for details about the functions and operations of used pins when connecting a
memory or I/O. Refer to section “Appendix 11. Electrical characteristics” for timing requirements of the
microcomputer.

16.1.1 Memory connection model
For the M37721, the level of the external data bus width select signal makes it possible to select the
memory connection model from the four models listed in Table 16.1.1.

1)

(2)

3)

4)

Minimum model

This is a connection model of which external data bus width is 8 bits and access space is expanded
up to 64 Kbytes. It is unnecessary to connect the address latch externally, so this model gives priority
to cost and is most suitable when connecting the memory of which data bus width is 8 bits.

Medium model A

This is a connection model of which external data bus width is 8 bits and access space is expanded
up to 16 Mbytes. In this model, the high-order 8 bits of the external address bus (A to Azs) are
multiplexed with the external data bus. Therefore, an n-bit (n < 8) address latch is required for
latching n bits of the address in Ais to Azs.

Medium model B

This is a connection model of which external data bus width is 16 bits and access space is expanded
up to 64 Kbytes. This model gives priority to rate performance. In this model, the middle-order 8 bits
of the external address bus (As to Ais) are multiplexed with the external data bus. Therefore, an 8-
bit address latch is required for latching As to Aus.

Maximum model

This is a connection model of which external data bus width is 16 bits and access space is expanded
up to 16 Mbytes. In this model, the high- and middle-order 16 bits of the external address bus (As
to Azs) are multiplexed with the external data bus. Therefore, an 8-bit address latch for latching As
to Awis and an n-bit (n < 8) address latch for latching n bits of Aws to Azs are required.

16-2
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16.1 Memory connection

Table 16.1.1 Memory connection model

Access space
External data Maximum 64 Kbytes Maximum 16 Mbytes
bus width
i M37721 M37721
i 16+n
BYTE 16 BYTE Ao—A7 Ao—A1s+n
. . Ao-A7 Ao—A1s AsA
8-bit width; e Latch
wp g As-Ats A16/Do—A23/D7
BYTE =“H E
8 ALE 8
Aus/Do-AzID7 [ » Do-Dr7 Do—D7
‘ Memory connection model‘ Minimum model ‘ Memory connection model ‘ Medium model A
M37721 M37721
16+n
BYTE 16 BYTE Ac-A7 Ao—A15+n
7J; Ao-At » Ao—Ais 7;;
Latch 8 As/Ds—A15/D15
. . As/Ds—A15/D15
16-bit Wldth, A16/Do_Az/D7 Ai6/Do-Az/D7
BYTE = “L” AL Do Dis Do-Dis
BRE > BHE
BLE > BLE >
‘ Memory connection model| Medium model B Memory connection model | Maximum model

Notes 1: Refer to “CHAPTER 3. CONNECTION WITH EXTERNAL DEVICES”

for details about the functions and

operations of used pins when connecting a memory. Refer to section “Appendix 11. Electrical characteristics”

for timing requirements.
2: Because the address bus can be expanded up to 24 bits when connecting a memory, strengthen the

M37721’s Vss and Vcc lines on the system. (Refer to section “Appendix 8. Countermeasure against noise.” )

7721 Group User's Manual
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16.1 Memory connection

16.1.2 How to calculate timing

Timings at which data is read or written when connecting a memory and precautions when connecting a
memory are described below.

For timing requirements of the memory and detailed account except limits described below, also refer to
the memory’s Data book etc. When using bus buffers, various logical circuits, etc., be sure to consider the
propagation delay time etc.

(1) Timing for reading data
When reading data, the external data bus is placed in a floating state, and data is read from the
external memory. This floating state is maintained after the falling edge of the E signal until an
interval of tpxE-pLzioHz) has passed after the rising edge of the E signal. Satisfy tsuouon-e) when inputting
data read from the external memory.
The following are described below:
*Timing for reading data from the flash memory, SRAM, and DRAM
eCalculation formulas for the external memory’s access time, which are for tsuouon-g) to be satisfied
The memory output enable signal (OE) is assumed to be generated from the E signal.

e Timing for reading data from flash memory and SRAM

tw(EL)

External memory - P—
output enable signal OE \ /_

(Read signal)

External memory

chip select signal CE, S

tpzx(E-DLZ/DHZ)

Address output and Data input

(AB/Ds—A15ID15 ) 01
Ai16/Do—A23/D7

e

N\

|‘ T
ta(ce), ta(s) 02
ten(og
<en( l tor, tdiS(OE)D3
_ tencce), tens) | >
External memory <
dataoutput ~  TTTTTTTTTTTTTTTTTTTTTTOOOT i/

[ ]: Specifications of the M37721

(The others are specifications of
external memory.)

01: This applies when the external data bus has a width of 16 bits (BYTE = “L").

[J2: If data is output from the external memory before the falling edge of E, thereis a possibility that the tail of
address collides with the head of data. — Refer to section “(3) Precautions on memory connection.”

[03: If one of the external memory’s specifications is greater than , there is a possibility that the tail
of data collides with the head of address. —. Refer to section “(3) Precautions on memory connection.”

Note: tsu(A-DL/IDH) : tsu(A-DL) OF tsu(A-DH)
tpzx(E-DLZ/IDHZ) : tpzx(E-DLZ) OF tpzx(E-DHZ)
tsu(DL/DH-E) : tsu(DL-E) Or tsu(DH-E)

Fig. 16.1.1 Timing for reading data from flash memory and SRAM
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16.1 Memory connection

Address access time : tanp) < tsua-oupw) — address latch delay time™

OE access time : taog) < tweEL) — tsuLDH-E)

Chip select access time : tas) < tsua-ouon — (address decode time™ + address latch delay time™)

Address latch delay time™ : Delay time required when latching address (Unnecessary in minimum

model)

Address decode time™ : Time required for validating chip select signal after decoding address

Table 16.1.2 lists the calculation formulas and values for each parameter in Figure 16.1.1. Figure

16.1.2 shows the relationship between tsua-ouon and f(Xin).

Table 16.1.2 Calculation formulas and Values for each
parameter in Figure 16.1.1 (unit : ns)

Calculation formulas and Values
No Wait Wait
tw(En 2 0 10° 4 0 10°
f(Xin) —25 f(Xin) —25
tsua-o) 3 0 10° 50 10°
—— 70 — 70
tsu(a-pH) f(Xin) f(Xin)
tpzx(E-DLZ) 10 10°
tpzx(E-DH2) f(Xin) —20
tsu(oL-E) 30
tsu(oH-E)
(nsl700 —
644
‘\
600 ——*555
"".5185 --@- \Wait
500 ®. —o— No Wait )
. 430

Data setup time with address stabilized
tsu(A-DL/DH)

7 8 9 10 11 12 13 18 19 20 21 22 23 24 25
[MHZz]
External clock input frequency f(XIN)
Fig. 16.1.2 Relationship between t sua-ouony and f(Xin)
7721 Group User’'s Manual 16-5
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16.1 Memory connection

e Timing for reading data from DRAM

DRAM output enable signal _E N
(Read signal) OE N=< >/

w“_ \

[EERASD] < >

_ i < >\ /
CAS td(E-CAsL) | +

Address output X

(MAO-MA7) Row address Column address X

>
> tpzx(E-DLZ/DHZ)
>

<
td(E-CA) || €=
<

Address output and Data I/0

As/D8-A15/D15 \ 1 X Address
A16/D0—A23/D7
< >
tcac toEZ 02
#
DRAM data OUIPUL - - - - o o oo oo oo Data >> ..........
\
-< N

. . . 5 tsu(DL/DH-E)
01 This applies when the external data bus has a width of 16 bits (BYTE = “L").

02 If one of DRAM's specifications is greater than[tpzx(E-DLz/DHZ) ], there is a possibility that

the tail of data collides with the head of address. — Refer to section “(3) Precautions on : Specifications of the M37721
memory connection.” (The others are specifications of DRAM.)

Note: tpzx(E-DLZ/DHZ) : tpzx(E-DLZ) OF tpzx(E-DHZ)
tsu(DL/DH-E) : tsu(DL-E) Ofr tsu(DH-E)

Fig. 16.1.3 Timing for reading data from DRAM

CAS access time : tcac < twew — tdE-casy) — tsuDLDH-E)
RAS access time : trac < twEL) — tdE-RrasL) — tsu(DLDH-E)
Column address access time : taa < twEl — tdE-ca) — tsuoLipH-E)

OE access time : toea < twEL — tsu(OLDH-E)

Table 16.1.3 lists the calculation formula and value for each parameter in Figure 16.1.3. Figure
16.1.4 shows the relationship between tcac, trac, taa and f(Xi).
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16.1 Memory connection

Table 16.1.3 Calculation formula and Value for each
parameter in Figure 16.1.3 (unit : ns)

Calculation formula and Value
tw(en 4 010° 25
f(Xin)
td(e-rASL)
30
- 9
td(e-casL) 10 10 +375
f(Xin)
tae-ca) 1010 | o5
f(Xin)
tpzx(E-DLZ) 1010° 20
tpzx(E-DHZ) f(Xin)
tsu(oL-E) 30
tsu(pH-E)

Note: When accessing DRAM, Wait is always inserted
regardless of the contents of the Wait bit,
source’s Wait bit, and destination’s Wait bit.

[ns]

--@-- RAS access time :tRAC
—@— Column address access time : tAA
\_—®— CAS access time :tCAC

Access time

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

External clock input frequency f(XIN)

Fig. 16.1.4 Relationship between t cac, trac, taa and f(X )
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16.1 Memory connection

(2) Timing for writing data
When writing data, the output data is stabilized when an interval of tse-oLooHg has passed after the
falling edge of the E signal. This data is continuously output until when an interval of tneoLonno) has
passed after the rising edge of the E signal.
Data to be written to an external memory must satisfy the data set up time (tsum) (for DRAM, the data
hold time (ton)) of the external memory.
The following are described below:
*Timing for writing data to flash memory, SRAM, and DRAM
eCalculation formulas which are for tsup) and ton to be satisfied

e Timing for writing data to flash memory and SRAM

l
Pzl

External memory

write signal w —\ Y
External memory .
chip select signals ~ CE. S \ /

td(E-DLQ/IDHQ)
N >—< | th(E-DLQ/IDHQ)

Address output and Data input
4 N
As/Dg—A1s/D15 | U Address >< Data 7§< Address
A16/Do—A23/D7 < " >—< th(D)
su(D)

|:| : Specifications of the M37721
(The others are specifications of external memory.)

O This applies when the external data bus has a width of 16 bits (BYTE = “L").

Fig. 16.1.5 Timing for writing data to flash memory and SRAM
Data setup time : tsup) < twEr — taE-bLepHQ)

Table 16.1.4 lists the calculation formulas and values for each parameter in Figure 16.1.5, Figure
16.1.6 shows the relationship between tsup)y and f(Xm).
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Table 16.1.4 Calculation formulas and Values for each
parameter in Figure 16.1.5 (unit : ns)

Calculation formulas and Values
No Wait Wait
tw(en 2 0 10° 4 0 10°
- _ —_— 2
f(Xin) 25 f(Xin) 5
tae-
d(E-DLQ) 35
td(E-DHQ)
th(e- 9
h(E-DLQ) 10 10 _99
th(E-DHQ) f(Xin)
[ns]

()

£

o B

=2 3

w ——

]

8

©

o

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

External clock input frequency f(XIN) [MHz]

Fig. 16.1.6 Relationship between t sup) and f(X )
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16.1 Memory connection

e Timing for writing data to DRAM

mi
’\”\ :
LY.

CAS / A

td(E-CASL

A
y

DRAM write signal W

1171

\
Address output Row address Column address
(MA0—-MAT7) 1
<>

Address output and Data I/O r \

As/Dg—-A15/D15 \ U >< Address X Data x
A16/D0—A23/D7 .

< >

tDH
O This applies when the external data bus has a width of 16 bits (BYTE = “L"). th(E-DLQ/DHQ)

|:|: Specifications of the M37721
(The others are specifications of DRAM.)

Fig. 16.1.7 Timing for writing data to DRAM
Data hold time : ton < twey — tde-casy + thE-bLopHo)

Table 16.1.5 lists the calculation formula and value for each parameter in Figure 16.1.7. Figure
16.1.8 shows the relationship between ton and f(Xm).
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16.1 Memory connection

Table 16.1.5 Calculation formula and value for each
parameter in Figure 16.1.7 (unit : ns)

Calculation formula and Value

tw(en 4 0 10°

f(Xin) =25
td(e-casL)

80 to 115

tae-
d(E-DLQ) 35
td(E-DHQ)
t _ 9
h(E-DLQ) 1010 _29
th(E-DHQ) f(Xin)

Note: When accessing DRAM, Wait is always inserted
regardless of the contents of the Wait bit,
source’s Wait bit, and destination’s Wait bit.

486.5

500

4155

400 359.5

300

200

Data hold time tDH

100

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[MHz]

External clock input frequency f(XIN)

Fig. 16.1.8 Relationship between t on and f(X )
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16.1 Memory connection

(3)

Precautions on memory connection
As described in O to O below, if specifications of the external memory do not match those of the
M37721, some considerations must be incorporated into circuit design:

0 When using an external memory that requires a long access time B

0 When data is output from an external memory before falling edge of the E signal

0 When using an external memory that outputs data for more than texeoizionz) after rising edge of
the E signal

O When using external memory that requires long access time
If the M37721’s tsupLpne) cannot be satisfied because the external memory requires a long access
time, try to carry out the following:

e Lower f(X).
e Select “software Wait is inserted.” (Refer to section “3.2 Software Wait.” )
e Use Ready function. (Refer to section “3.3 Ready function.” )

Figure 16.1.9 shows an example of using Ready function (no software Wait). Figure 16.1.10 shows
an example of using Ready function (software Wait).

Ready function is valid for the internal areas, so that the circuits in Figures 16.1.9 and 16.1.10 use
the chip select signal (CS:) to specify areas where Ready function is valid. In these cases, the CS:
signal is externally generated.

16-12
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16.1 Memory connection

M37721
01 to O3 : Make sure that the sum of
As—A23 propagation delay time is within
(Do-D1s) g * - = P Data bus 15 ns.
~ad A (03 to 05 : Make sure that the sum of
ress ress ——» CS1 : Do
latch _ [ ‘decode grzopagatlon delay time is within
circuit circuit > CS2 ns.
Ao-A7 L ] P Address bus
RDY [« g
E =]
DC 01
01 CK \ Validate Ready function
ACO4 D4 only for areas accessed by
CSo2.

Circuit conditions : f(XIN) < 15.7 MHz, no software Wait

Ready request is accepted at (®).
Termination request for Ready state is accepted

oy B S B S U B

®® : Judgement timing of RDY pin’s input
level

td(E-91) l¢

o1 @D : E (“L" level) stopped by Ready function
: 00 The condition satisfy tsu(RDY-¢1) = 55 ns is tc
E ! > 63.5 ns. (This applies when AC32's
propagation delay time is within 8.5 ns.)
| Accordingly, when f(XIN) < 15.7 MHz, this
] circuit example satisfies tsu(RDY-o01) = 55 ns.
Q 3

o L

< tsu(RDY- ¢ 1) u
AC32(teHL)

Fig. 16.1.9 Example of using Ready function (no software Wait)
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16.1 Memory connection

As—A23
(Do-D15)

Ao-A7

RDY

o1

mi

M37721

P Data bus

» CS2

R
Address Address ——» CS1
latch [P decode
circuit circuit
Y

01 to O3 : Make sure that the sum of

» Address bus

AC74 02

5 CS2.

propagation delay time is within 25
ns.

Validate Ready function
only for areas accessed by

Circuit conditions : f(XIN) < 25 MHz, software Wait

/o

1Q

U/

L

cs:

RDY

ACO04 + AC74 + AC32's
propagation delay time

tsu(RDY-01)

tho1-RDY)

Ready request is accepted at @
Termination request for Ready state is accepted at(B).

@ (® : Judgement timing of RDY pin’s input level

D - E (“L” level) stopped by software Wait

@D : E (“L" level) stopped by Ready function

Fig. 16.1.10 Example of using

Ready function (software Wait)
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16.1 Memory connection

O When data is output from external memory before falling edge of E signal
Because the external memory outputs data before the falling edge of the E signal, there is a
possibility that the tail of address collides with the head of data. In such a case, generate the
external memory read signal (OE) by using E. (Refer to “Figure 16.1.11.” )

External memory

output enable signal OE /

(Read signal)

Address output Address > ------------------------- < Address

External memory
data output

> ta(0E) | specifications of
> <+— ten(OE)| external memory

Note: Make sure that d = 0 is satisfied when generating the external
memory read signal (OE).

Fig. 16.1.11 Example of making data output timing delayed

O When using external memory that outputs data for more than t pzx(E-DLZIDHZ) after rising edge of
E signal
Because the external memory outputs data for more than texE-oLzonz) after the rising edge of the
E signal, there is a possibility that the tail of data collides with the head of address. In such a case,
try to carry out the following:

e Cut the tail of data output from the memory by using, for example, a bus buffer.
e Use the Mitsubishi’'s memory chips that can be connected without a bus buffer.

Figures 16.1.12 to 16.1.15 show examples of using bus buffers and the timing charts. Table 16.1.6
lists the Mitsubishi’s memory chips that can be connected without a bus buffer. When using one
of these memory chips, timing parameters tor and tdisor) listed below are guaranteed. Accordingly,
no bus buffer is necessary for the system where the external memory’s read signal (OE) goes high
within tezxE-oLzionz)-tor (Or taiscop)) [NS] after the rising edge of the E signal.

Table 16.1.6 Mitsubishi’s memory chips that can be connected without bus buffers

Memory Type tor/taiscor) (Maximum)
Flash memory M5M28F101AP, FP, J, VP, RV-85, -10 15 ns
M5M28F102AFP, J, VP-85, -10 (Guaranteed as kit.)
SRAM M5M5256DP, FP, KP, VP, RV-45LL, -45XL, -55LL, -55XL, |(Note)
-70LL, -70XL
M5M5278DP, J-12 6 ns
M5M5278DP, FP, J-15, -15L 7 ns
M5M5278DP, FP, J-20, -20L 8 ns

Note: tor or tdisor) listed above is guaranteed when these memory chips are connected with the M37721.
When the user wants specifications of these memory chips, add a comment “tor/tasiscosy = 15 ns,
microcomputer and kit.”
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M37721
i CNVss Ao-A7 v 4 - Address bus
AC573
BYTE
| ,———>D Q —/
LE o_E—7|/_7
AC573
,—1—>D Q—
ALE ® LE 0_597
AC245
As/Ds—A15/D15 |- y4 - A B Data bus (odd)
DIR OC
AC245 2
A16/Do—A23/D7 | V4 »|(A Ble—————p Databus (even)
e |IDIROCL___ ¢
E
RIW » RD
> WO
BHE
» WE
BLE
XIN Xout
|_¢ ‘J Circuit condition: Software Wait
(]
25 MHz
01: Make sure that the propagation delay time is within 20 ns.
02, 03: Make sure that the sum of output disable time in (02 and propagation delay
time in O3 is within 20 ns.
04: Make sure that the propagation delay time is within 15 ns.

Fig. 16.1.12 Example of using bus buffers (1)
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<When reading>

tw(EL) = 135 (min.)

= /
E /S

tpzx(E-DLZ/DHZ) = 20 (min.)

As/Ds—A15/D15
A1e/Do—A23/D7 X A i
> < AC32(tpHL) < AC32(tpLH)
OC(AC245), RD \ P

AC245 AC245

Data output A from > (tpzn/tezL) > (trHz/tPLZ)
external memory (AC245) ~ tmmemmmememsemes D = Yeeeeee--

<When writing>
twEL) = 135 (min.)

5|
E %ﬁ
\.
td(E-DLQ/DHQ) = 35 (max.)
>
As/Ds—A15/D15 I
A16/Do—A23/D7 X A X D X A
AC32(tPHL) > AC32(trLH)
OC(AC245), WO, WE i
AC2715 AC2?15
»
Data output B from R (tPHL/tPLH) (tPHz/tPLZ)
external memory (AC245) ~ ctmemmeemeesess < X D VYeeeoeee-

(Unit : ns)

Fig. 16.1.13 Timing chart for circuit example using bus buffers (1)
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M37721
i CNVss Ao—A7 7 P Address bus
AC573
BYTE
A 0 o
LE 0_5;7
AC573
,——>D Q —
ALE LE O_E;T
AC245 2
As/Ds—A15/D15 | L »(A B|le—— Databus (odd)
DIR OC
AC245?
A16/Do—A23/D7 |- L - A B |«g—t———7 Data bus (even)
DIR OC
E P

These circuits make the occurrence of the
write signal’s rising edge earlier by 1/2 ¢1,
so that the write hold time is extended.

BHE @
e —

Xout

XIN
Circuit condition : Software Wait
L

25 MHz

01: Make sure that the propagation delay time is within 20 ns.
[02: Make sure that the output disable time is within 20 ns.

Fig. 16.1.14 Example for using bus buffers (2) (connecting with memory requiring long data hold time
for writing)
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<When reading>

E, OC (AC245)

As/Ds—A15/D15
A16/Do—A23/D7

RD

Data output A from
external memory (AC245)

<When writing>

01

01

E, OC (AC245)

1Q (AC74)

2Q (AC74)

WO, WE

As/Ds—A15/D15
A16/Do—A23/D7

Data output B from
external memory (AC245)

tw(eL) = 135 (min.)

tpzx(E-DLZ/DHZ) = 20 (mMin.)

> < AC32(tpHL) < AC32(tpLH)
—
\ /
AC245 L AC245
> (trzH/trzL) (tPHZ/tPLZ)
------------------ X D >F
: teL) = 135(min.)
— —
' | ACOA(tpLH) + ACTA(tPLH)
' /
\ 7
>—1<— AC32 [0 2(tPLH)
/A S——
\ /
35 (max.)
A X D X
AC245 AC245
> (tPHL/tPLH) (tPHz/tPLZ)
---------- X >

Write hold time

(Unit : ns)

Fig. 16.1.15 Timing chart for circuit example using bus buffers (2)
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16.1.3 Example of memory connection
Examples of the flash memory, SRAM, and DRAM connection and the timing charts are described as
follows.

(1) Example of flash memory connection (minimum model)

i M37721 M5M28F101AFP-10
BYTE
Add bus Ao—A [0: Make sure that the propagation delay
Ao—A1s réss bus Aos | Ac—A15 time is within 25 ns.
Data bus Do—D7
Do-D7 |- Do-D7
- — Memory map
BHE Open WE 000016
SFR area
BLE }—— Open = ~F 008016
OE CE Internal RAM area
E 048016 External ROM area
_ (M5M28F101AFP)
RIW [>o
ACO04 U 1FCos SFR area
XE| TJOUT 200016
25 MHz Circuit condition : Software Wait External ROM area
(M5M28F101AFP)
FFFF16

Fig. 16.1.16 Example of flash memory connection (minimum model)

16-20

7721 Group User's Manual




16

APPLICATION

.1 Memory connection

<When reading>

E, OE

A16/Do—A23/D7

External ROM
data output

tw(EL) = 135 (min.)

td(AH-E) = 15 (min.)

A Mmoo A

RW 7

td(rw-E) = 20 (Min.)

Ny |
~

N

<— tpzx(E-DLZ) = 20 (Min.)

<— th(E-R/W) = 18 (max.)

A

/4

ta (AD)Y, tsu (A-DL) = 130 (max.)

C—E .

\

l«— ACO4(tPLH)

—

O : Specifications of M5SM28F101AFP-10
The others are specifications of M37721.

<— ACO04(tPHL)

P ta(oE)™
------------------------------- «
< ta(CE)” >

tsu(bL-E) = 30

l«— tpFd = 15 (max.)

(Guaranteed as kit.)

Fig. 16.1.17 Timing chart for flash memory connection example (minimum model)
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APPLICATION

16.1 Memory connection

(2) Example of flash memory and SRAM connection (maximum model)

2FFFF16

M37721
Address bus
A1-A7 4 < < \
77[7_— BYTE As—A16
02
AC573M1 AC139 T ‘
As/Ds—A15/D15 |-t < » D Q LA A A YO — L L
(| Y1 s S CE
E Ao—A14 Ao—A14 Ao—A1s
ALE Py A1—A1s A1-A1s A1-A1e
1 MSM28F102AFP
E M5M5256DP-70LL M5M5256DP-70LL -10
Ds—D1s Do-D7 Do—D1s
A16/Do—A18/D2 | >D Q — DQ1-DQs DQ1-DQs Do-Da1s
AC573Mt — . _
OE W OE W OE
Data bus (odd)
k Data bus (even )
D3-D7 |[«tt=— { )
AC04"™ AC32™
RIW Do D RD
E
= L
BLE : Wo Memory map
BHE ;L E 008016
”””””””””””””” Internal RAM area
X X 05 L - .

n ) AC32 Circuit condition : Software Wait 048016 £ xromal ROM area
|_| |:| ’J (M5M28F102AFP)
25 MHz 1FCO16 SFR area

200016
01, 02: Make sure that the sum of propagation delay time is within 30 ns. External ROM area
03, 04: Make sure that the sum of propagation delay time is within 20 ns. (M5M28F102AFP)
05: Make sure that the propagation delay time is within 5 ns. 1FEFE1s
2000016

External RAM area
(M5M5256DP [ 2)

Fig. 16.1.18 Example of flash memory and SRAM connection (maximum model)
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APPLICATION

16.1 Memory connection

<When reading>

tw(EL) = 135 (min.)

Y

<When writing>

E /S

td(AL-E) = 15 (min.)

ta(AD)DD3+ACS73(tPHL/tPLH)

tw(EL) = 135 (min.)

— o~ l—
E f
td(AL-E) = 15 (min.)
A1—-A7 A A
As/Ds—A15/D15
A16/Do—A18/D2 N PR § IS A
D3-D7 N
< tpzx(E-DLZ/DHZ) = 20 (min.)
AC573(tPHL/tPLH)+AC139(tPHL)
CE, S \
ta(CE)Y, ta(s)™
< > <— AC32(tPLH)
OF \ —
AC32(tPHL <
(teHL) P ta(OE)™ o <— tDFYtdis(OE)™ = 15 (max.)
External memory = (Guaranteed as kit.)
dataoutput | T @ D )
> tsu(DL/DH-E) = 30
tsu(A-DL/DH) = 130 (max.)

A1-A7

X A

As/Ds—A15/D15

X A

.a D
A16/Do—A18/D2 A >—<r _
Ds-D7 tsu ()0 = 30 <> th(E-DLQ/DHQ) = 18 (min.)
td (E-DLQ/DHQ) = 35 (max.) < >
L— AC573(tPHL)+AC139(tPHL)
S
AC32(tPHL) —>r—1<— AC32(tPLH)
- —
WE, WO \L

O: Specifications of M5M28F102AFP-10
0 O: Specifications of M5M5256DP-70LL
The others are specifications of M37721.

(Unit : ns)

IEig. 16.1.19 Timing chart for example of flash memory and SRAM connection (maximum model)
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APPLICATION

16.1 Memory connection

(3) Example of DRAM connection (external bus width = 8 bits) O

M37721 M5M44800CJ-7
MAo Ao [0: Make sure that the propagation delay
MA1 A1 time is within 80 ns.
MA2 A2
MA3 A3
MA4 Aa
MAs As
MAs As Memory map
00000016
MA7 A1 SFR area
MAs As
MA9 Ao 00008016 Tnternal
L_Wv? 00047F1s| RAM area
RAS | RAS =~ Not used =~
CAS CAS 001FCO16
RIW —OD W O01FFF16 SFR area
_ [—Ac32"” _
E OE
A16/Do DQ1 i _~
A17/D1 DQ2 2= Not used ==
A18/D2 DQs
A19/D3 DQ4
A20/D4 DQs F0000016
A22/Dé DQ7 F7FFFF16 ( )
A23/D DQs
i Q Not used
j’ FFFFFF16
BYTE
XIN Xout
L| |:| I—‘ Circuit condition : DRAM area select bits (bits 3 to 0 at address 6416) = “00012”
25 MHz

Eig. 16.1.20 Example of M5M44800CJ (512K 08 bits) connection (external bus width = 8 bits)
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APPL
16.1 Memo

ICATION

ry connection

<When reading>

E 3 tw(EL) = 135 (min) f
(0F) =< -
RAS L{ ;( tw(RASL) = 120 (min) L /
/ tw(RASH) = 60 (min) L b
td(RAS-CAS) = 28 (min)
td(E-RASL) = 30 (max) < >
CAS td(E-CASL) = 77.5 (max) = tw(CASL) = 92.5 (min) o
/ - ]
‘ td(RA-RAS) = 5 (min) ]
< > << > td(CA-CAS) =5 (min)
A
MA0—MA9 Row address ! Column address
tOEAD = 20 (max)
0=
td(E-CA) = 60 (MaX)| €= tn = 35 (max) > tpzx(E-DLZ) = 20 (min)
| tRACU = 70 (max) ~
A16/Do—
A23/D7 >< Address = frrmmmmmmmmmomopessmesesesesseseoeoo - { Input data
tcLz0=5 (min)
> - ; [l
tcACcH = 20 (max) tsu(DL-E) =2 30 toEZ0 = 0-20
<When writing>
£ A( tw(EL) = 135 (min) 7[
/ i 7L
tw(RASH) = 60 (min)
{ | tw(RASL) = 120 (min
=AS xl‘ (min) >L/i
} . i
tw(CAsSL) = 55 (min) /
CAS \ ﬁL
td(E-CASL) = 80-115
td(R/W-E)=20 (min) |[ -
e ——
R/W /
> |l AC32(tPHL) >t AC32(tPHL)
. twest = 0 (min) twcHD = 15 (min) [
w \)( > 7L
td(RA-RAS) = 5 (min) th(RAS-RA) = 18 (min)
r ava \
MA0-MAg k Row address X Column address
\ JL ]
td(ca-cas)= 10 (min) | th(CAS-CA) = 60 (min)
\
A16/Do—
AoalD7 >< Address >< Data 78
T toHO = 15 (min) -

O : Specifications of M5M44800CJ-7
The others are specifications of M37721.

th(E-DLQ) = 18 (min)

(Unit : ns)

Fig. 16.1.21 Timing chart for example of M5M44800CJ (512K

= 8 bits)

00 8 bits) connection

(external bus width
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APPLICATION

16.1 Memory connection

(4) Example of DRAM connection (external bus width = 8 bits)

O

M37721

BYTE

MAo
MA1
MA2
MA3
MA4
MAs
MAse
MA7
MAs
MAg

RAS
CAS
RIW

E

A16/Do
A17/D1
A18/D2
A19/D3
A20/D4
A21/Ds
A22/Ds
A23/D7

ALE

Xout

M5M417800CJ-7

X|W—<D}—'

25 MHz

Ao
A1
A2
A3
A4
As
As
A7
As
A9
A10

RAS

CAS

w

OE
DQ1
DQ2
DQs3
DQ4
DQs
DQs
DQ7
DQs

j:Ace,zjl
AC57302 b
Do o]
D1 /_1
D2
D2 |, — |
D3
D3 Da |
D4 Qa— L —
Ds
b5 Do |
J— 6
D6 OE L—1
;}7- D7
D7 LE L —
|
— 8

01:

02 :

Make sure that the propagation delay
time is within 80 ns.
Make sure that the propagation delay
time is within 15 ns.

Memory map

SFR area
00008016 Internal
00047F16| RAM area

00000016

< Not used 5

)]
(¢

001FCO16

001FFF16 SFR area

)
(4

< Not used 3

E0000016

DRAM area
(M5M417800CJ)

FFFFFF16

Circuit condition : DRAM area select bits (bits 3 to 0 at address 6416) = “00102”

Fig. 16.1.22 Example of M5M417800CJ (2M O 8 bhits) connection (external bus width = 8 bits)
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APPLICATION

16.1 Memory connection

<When reading>

E 3 _ tw(EL) = 135 (min) |
(OE) Ay >/
[ I .
RAS [ jﬁl tw(RASL) = 120 (min) -
tw(RASH) = 60 (min) L 1
td(RAS-CAS) = 28 (min)
td(E-RASL) = 30 (max) < >
CAS / td(E-CASL) = 77.5 (max) | Tl tw(CASL) = 92.5 (min) >7
LARARAS) 25 (min) | <€ td(CA-CAS) = 5 (min)
I [
MA0-MA9 ' Row address S Column address
_ toEAD = 20 (max) .
. tAAD = 35 (max) -~
td(E-CA) = 60 (max) | <[>T {RACT = 70 (ma) > tpzx(E-DLZ) = 20 (min)
r
%;;%)7_ X Address ~ frorormrommeepoottimersmessoeseeens Input data
— - _ tazb=5 (min) JIz —
< > - Eaiin >
td(AH-E) = 15 (min) tcact = 20 (max) tsu(DL-E) = 30 toEzD = 0-15
A10 F
(M5M417800AJ) -
> |l >
T T asr=0(miny |
AC573 ¢ r
<When writing>
B A tw(EL) = 135 (min) s
E \< >7Z
’Y
L tw(RASH) = 60 (min) -
_ [ A tw(RASL) = 120 (min) |/
RAS [ i '7L
_ tw(CASL) = 55 (min) /
CAS T ﬁ,
td(E-CASL) = 80-115
td(RW-E) = 20 (min) _ |[ -
<>
RIW \ /
> << AC32(tPHL) > << AC32(tPHL)
- \ twest = 0 (min) twcH = 10 (min) /
w Y‘ "
o [RARAS) = 5 (min) L th(RAS-RA) = 18 (min)
MA0-MAs9 X: Row address in Column address X
E(CACAS) =10 (miﬁ th(CAS-CA) = 60 (min) -
A16/Do— R
A23/D7 X Address X Data X

O : Specifications of M5M417800CJ-7
The others are specifications of M37721.

toHO = 15 (min)

< >

th(E-DLQ) = 18 (min)

(Unit : ns)

= 8 bits)

Fig. 16.1.23 Timing chart for example of M5M417800CJ (2M

O 8 bits) connection (external bus width

7721 Group User's Manual
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APPLICATION

16.1 Memory connection

(5) Example of DRAM connection (external bus width = 8 bits) O

‘ X
@]

mi @)
sllo
(2]

MAo
MA1
MA2
MA3
MA4
MAs
MAe
MA7
MAsg
MA9

M5M44400CJ-7
Ao
A1l
A2
Az
Aa
As
As
A7
As
Ao

RAS
CAS
w
OE

DQ1

DQ2

DQs3

Circuit condition : DRAM area select bits (bits 3 to 0 at address 6416) = “00012"

10
4
M37721
M5M44400CJ-7
MAo Ao
MA1 A1
MA2 A2
MA3 A3
MA4 A4
MAs As
MAs Ae
MA7 A7
MAs As
MA9 A9
RAS ¢ RAS
CAS AC32D CAS
ek
E OE
A16/Do DQ1
A17/D1 DQ2
A1s/D2 DQs
A19/D3 DQ4
% A20/D4
BYTE A21/Ds
A22/De
A23/D7
XIN Xout
25 MHz

DQa4

O : Make sure that the propagation
delay time is within 80 ns.

Memory map
SFR area
00008018 Internal
00047F16| RAM area
~ Not used A

00000016

)L
€

001FCO016
001FFF16

SFR area

))

= Not used A

€

F0000016

DRAM area
(M5M44400CJ
02

FFFFFF1s

Fig. 16.1.24 Example of M5M44400CJ (1M 0O 4 bits) connection (external bus width = 8 bits)
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AP

PLICATION

16.1 Memory connection

<When reading>

_ 3 Vi
E tw(EL) = 135 (min) |
(OE) >3 >
£ \ )
RAS tw(RASL) = 120 (min) .
_ ] tw(RASH) = 60 (min) || ~ _ 7
td(RAS-CAS) = 28 (min)
td(E-RASL) = 30 (max) (€ pr<—>
CAS / td(E-CASL) = 77.5 (max)| << Jl tw(CASL) = 92.5 (min) |
T T
LIRARAS) =5 (Min)| | ¢ 5 taca-cas) = 5 (min)
[
MAo-MA9 Row address ! Column address
< toEAD = 20 (max) >
taAl = 35 (max) 3 — ;
td(E-CA) = 60 (max)| < [>1< > tpzx(E-DLZ) = 20 (min)
o tRACO = 70 (max) ~
A16/Do—
A23/D7 >< Address  f-r-soremosnespeossneso oo Input data
tclzf=5(min) [ —
tcAach= 20 (max) tsu(DL-E) 2 30 - '[gEZD =0-20
<When writing>
N [ J‘ tw(EL) = 135 (min) 1
E Ny 7[
tw(RASH) = 60 (min)
N E \l tw(RASL) = 120 (min) [
RAS < >
o
N [ tw(CASL) = 55 (min) [
CAS \{ >L
1
td(E-CASL) = 80-115
td(R/W-E) = 20 (min) |[ 7
RIW /
> |« AC32(tPHL) > AC32(tPHL)
- \ twesP= 0 (min) twcHO = 15 (min) [
W \=< > << {
\ 1
td(RA-RAS) = 5 (min) .
< th(RAS-RA) = 18 (min)
AL \
MA0-MA9 X Row address X Column address X
JL ]
td(CA-CAS) = 10 (min)| th(CAS-CA) = 60 (min) -
\
A16/Do—
A23/D7 >< Address >< Data 72
D toHE = 15 (min) -
<>
th(E-DLQ) = 18 (min)
O : Specifications of M5M44400CJ-7
The others are specifications of M37721. )
(Unit : ns)

Fig. 16.1.25 Timing chart for example of M5M44400CJ (1M [ 4 hits) connection (external bus width = 8 bits)
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APPLICATION

16.1 Memory connection

(6) Example of DRAM connection (external bus width = 16 bits)

O

M37721 M5M418160CJ-7
MAo Ao
MA1 A1l
MA2 A2
MA3 A3
MA4 As
MAs As
MAe Ae
MA7 A7
MAs As
MAg Ag

&
RAS H——— RAS
AA
w Ac157”
CAS P —— : 1A
— H 1B -
BLE —a ) A 1y LCAS
BHE -9 . 2B
—r-Oj 2Y UCAS
STO b—9 :
' ——SELECT ST
STl — 1
El—1— : OE
RIW ——d) ) ' w
AselD AC32™
16/Do
DQ1
A17/D1 D82
A1s/D2 DQ3
A19/D3 DQa4
A20/D4 DQs
A21/Ds DQs
A22/De DQ7
A23/D7 DQs
As/Ds DQs
Ag/D9 DQ10
A1o0/D10 DQu1
A11/D11 DQ12
A12/D12 DQ13
A13/D13 DQ14
A14/D14 DQz1s
A15/D1s DQz16
BYTE 17-
XIN XouTt
25 MHz

1 : Make sure that the
propagation delay time is
within 20 ns.

Make sure that the
propagation delay time is

02 :

within 7.5

ns.

Memory map

00000016

SFR area

00008016
00047F16

Internal
RAM area

)

~ Not used 3

(

001FCO016
001FFF1e

SFR area

)

<~ Not used A

(

E0000016]

DRAM area
(M5M418160CJ

FFFFFF16

Circuit condition : DRAM area select bits (bits 3 to 0 at address 6416) = “00102"

Fig. 16.1.26 Example of M5M418160CJ (1M [ 16 bits) connection (external bus width = 16 bits)
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APPLICATION

16.1 Memory connection

<When reading>

E jg tw(EL) = 135 (min) f
(OE) =<
|
BAc tw(RASL) = 120 (min)
RAS
J tw(RASH) = 60 (min) >
td(RAS-CAS) = 28 (min)
td(E-RASL) = 30 (Max) | l¢—pe<—>
CAS / td(E-CASL) = 77.5 (Max) = T‘ tw(CASL) = 92.5 (min) L
JRARS) = 5 (min) > <> td(CA-CAS) = 5 (min)
[ f
MA0-MAg X Row address )t Column address

.
toEAD = 20 (max)
< >
0=
td(E-CA) = 60 (MaX)| <€«—>< taAD = 35 (max) > tpzx(E-DLZ/DHZ) = 20 (min)
. tRACE = 70 (max) - <
A16/Do-A23/D7, N\ A N L
As/Ds—A15/D15 X Address : Input data >>
tcLzo = 5 (min)
+ AC157 (tPHL - >
_ . (tPHL) T tsu(LDHE) 2300 | oo
td(BLE/BHE-E) = 20 (min) =~ icaci=20 (max) toezt = 0-15
< > + AC157 (tPHL)
BLE/BHE X
<When writing>
E 1 tw(EL) = 135 (min) N
/ A 7L
tw(RASH) = 60 (min)
o [ \ tw(RASL) = 120 (min) [
RAS < > /
/ I ]
N tw(CASL) = 55 (min) [
CAS / ﬁ >/
td(E-cASL) = 80-115
td(Rw-E) = 20 (min) <
<>
RIW \ /
< AC32(tPHL) > AC32(tPHL)
o twesd = 0 (min) twcHO = 10 (min) [
W \4 > << |
L i ]
td(RA-RAS) = 5 (min) th(RAS-RA) = 18 (min)
MA0-MAg >§ Row Address X Column address X
\ . 1
td(CA-CAS) = 10 (mif) | th(CAS-CA) = 60 (min) i
ht
A16/D0—-A23/D7,
As/Ds—A15/D15 X Address X Data )<
T

td(BLE/BHE-E) = 20 (min)
< >

toHO = 15 (min)
+ AC157(tPHL)

<>

th(E-DLQ/DHQ) = 18 (min)

BLE/BHE

O : Specifications of M5M418160CJ-7
The others are specifications of M37721.

(Unit : ns)

Fig. 16.1.27 Timing chart for example of M5M418160CJ (IM [ 16 bits) connection (external bus width = 16 bits)
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APPLICATION

16.1 Memory connection

(7) Example of DRAM connection (external bus width = 16 bits) O

M37721 M5M44170CJ-7
MAo Ao 01 : Make sure that the
MAL AL propagation delay time is
MA2 A2 ithin 40
MAs As within 40 ns.
MA4 Ad (2 : Make sure that the
ms ﬁs propagation delay time is
6 6 e
MAS A7 within 15 ns.
As
== 1—"/‘/‘!?_ —Ag
RAS RAS
CAS CAS
E OE Memory map
. 00000016
RV W SFR area
_ 00008016 |nternal
BHE 00047F1g area
01 = I~
Ate/Do |_AC32 Do Do | po, A Not used A<
A17/D1 DI 01 B; DO2 001FCO16 -
A1s/D2 D2 Q2 DO3 area
A16/Ds D3 Ds D84 001FFF16
A20/D4 D4 D41 pos
A21/Ds bs D5 DQs
A22/Dse D6 OE Bg DQ7
A23/D7 D7 LE Na DQs ~ Not used ~=
AC57372
ALE 8
As/Ds DQo FO000016
A10/D10 DQu1
A11/D11 DQ12 FIFFFFIo
BYTE A12/D12 DQ13
77 A13/D13 DQ14 Not used
A14/D14 DQ1s FFFFFFa1s)
A15/D1s DQus
XIN Xout

25 MHz
Circuit condition : DRAM area select bits (bits 3 to 0 at address 6416) = “00012"

Fig. 16.1.28 Example of M5M44170CJ (256K [ 16 bits) connection (external bus width = 16 bits)
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APPLICATION

16.1 Memory connection

<When reading>

(OiEE) : tw(EL) = 135 (min) i
/ s >/
RAS > \_ tw(RASL) = 120 (min) L
P— tw(RASH) = 60 (min) v |
td(RAS-CAS) = 28 (min)
td(E-RASL) = 30 (max) <>
CAS td(E-CASL) = 77.5 (max)| = tw(CASL) = 92.5 (min)
S . ju -
{td(RA-RAS) =5 (min > <> td(CA-CAS) = 5 (min)

tpzx(E-DLZ/DHZ) = 20 (min)

A [
MA0-MA7 k Row address X Column address X
L
_ toEAD = 20 (max) >
0=
td(E-CA) = 60 (max) | <<—><< taAD = 35 (max) >
< tRACT = 70 (max) >
A16/D0—A23/D7, [ Address Moo
ASIDEPaeiD1e X Address ! Input data
tcLzd =5 (min)
< > -< >
td(AH-E) = 15 (min) tcact = 20 (max) tsu(DL/DH-E) 2 30 | {070 = 0-20
As, A9 F
(M5M44170AJ) L
> le >
T T asr =0 (miny |
AC573 ¢ f
<When writing>
B j(l tw(EL) = 135 (min) \,[
E / XV 7(
tw(RASH) = 60 (min)
N tw(RASL) = 120 (min) [
RAS =< >
N i
\ tw(CASL) = 55 (min)

CAS /

td(R/W-E) = 20 (min)

td(E-CASL) = 80-115

7]

R/W
<«</AC32(tPHL) I 2 > <AC32(tPHL) O 2
o \ twesO= 0 (min) < twcHI = 15 (min) [
WL/WH =< > << 7L
td(RA-RAS) = 5 (min .
< jth(RAS-RA) = 18 (min)
R -
MA0-MAg9 X Row address jz[ Column address Z
|8
‘ d(CA-CAS) = 10 (min th(CAS-CA) = 60 (min)
A16/D0—-A23/D7,

As/Ds—A15/D15

>< Address

=<

Data

n

td(BLE/BHE-E) = 20 (min)
f<——————>

tbHO = 15 (min) 2 ;

th(E-DLQ/DHQ) = 18 (min)

BLE/BHE

]

0 : Specification of M5M44170CJ-7
The others are specifications of M37721.

(Unit : ns)

Fig. 16.1.29 Timing chart for example of M5M44170CJ (256K [ 16 bits) connection (external bus width = 16 hits)
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APPLICATION

16.1 Memory connection

(8) Example of DRAM connection (external bus width = 16 bits)

M37721

MAo
MA1
MA2
MA3
MA4
MAs
MAs
MA7
MAs
MAg

RAS
CAS
E

RAW
BLE
BHE

A16/Do
A17/D1
A1g/D2
A19/D3
A20/D4
A21/Ds
A22/De
A23/D7

ALE

As/Ds

A9/Do

A10/D10

A11/D11

A12/D12

A13/D13

BYTE Au4/Dis
A1s5/D15

Xout

10

z

M5M417800CJ-7
Ao

AL

A2

A3

Aa
As

Ae

A7
As

Ao

A10

RAS

CAS

OE

=l

D7 | E

o
S

DQ1
DQ2
DQs3
DQ4
DQs
DQs
DQ7
DQs

D1
D2
D3
D4
Ds
De
D7

M5M417800CJ-7

XQDH

25 MHz

@)
&

Do

D1o
D11
D12
D13
D14
Dis

DQ1
DQ2
DQs3
DQa4
DQs
DQs
DQ7
DQs

Circuit condition : DRAM area select bits (bits 3 to 0 at address 6416) = “00102”

01 : Make sure that the
propagation delay time is
within 40 ns.

02 : Make sure that the
propagation delay time is
within 15 ns.

Memory map

SFR area
00008016 Tnternal

00047F1s] RAM area

00000016

))

< Not used A

[{4

001FCO16

001FFF1s SFR area

))

< Not used A

[{4

E0000016

DRAM area
(M5M417800CJ
02

FFFFFF16

Fig. 16.1.30 Example of M5M417800CJ (2M 0O 8 bits) connection (external bus width = 16 bits)
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APPLICATION

16.1 Memory connection

<When reading>
(OiEE) 3( tw(EL) = 135 (min) \’L—
/ = j/
RAS 3 \ tw(RASL) = 120 (min)
tw(RASH) = 60 (min) N ]
td(RAS-CAS) = 28 (min)
td(E-RASL) = 30 (Max)«—r= >
CAS / td(E-CASL) = 77.5 (max) = _ tw(CASL) = 92.5 (min) L
td(RA-RAS) = 5 (min) |
< > <> td(CA-CAS) =5 (min)
[ [
MAo-MA9 Row address { Column address
-
L toEAD = 20 (max) ~
[ tAAD = 35 (max)
td(E-CA) = 60 (max) <> > - = i
(E-CA) ( {RACT= 70 (max) > tpzx(E-DLZ/DHZ) = 20 (min)
A16/D0-A23/D7, [ AAArece N
As/Dg—A15/D15 X Address Input data
< > < fozi=5@min) " T -
-~ > < < Zagingl
td(AH-E) = 15 (min) tcact = 20 (max) tsu(DL/DH-E) = 30 toEzD = 0-15
A10
(M5M417800AJ) -
> le >
T T tasr=0 (min)"
AC573
<When writing>
B i tw(EL) = 135 (min) \,[
E / iy 1
tw(RASH) = 60 (min)
i N tw(RASL) = 120 (min) |
RAS )T‘ g
o tw(CASL) = 55 (min) g /
CAS ,P '7L
__ [td(e-cAsL) = 80-115
td(RW-E) = 20 (min) _ ||
RIW /
> AC32(tPHL) > CAC32(tPHL)
o \ twest = 0 (min) twcHO = 10 (min) /
W = T 7L
td(RA-RAS) = 5 (min
< (min) ﬁtn(RAS-RA) =18 (min)
MA0-MAg9 x Row address N Column address 7X
< > >
{d(CA-CAS) =10 (min) th(CAS-CA) = 60 (min)
\
A16/D0-A23/D7, Z
As/Ds-A15/D15 X Address X Data b
< tDHO = 15 (min) >
th(E-DLQ/DHQ) = 18'(min)
0 : Specifications of M56M417800CJ-7
The others are specifications of M37721.
(Unit : ns)

Fig. 16.1.31 Timing chart for example of M5M417800CJ (2M [ 8 hits) connection (external bus width = 16 bits)
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16.1 Memory connection

(9) Example of DRAM connection (external bus width = 16 bits) O

M5M44400CJ-7

M37721
P N
MAo Ao Ao Ao Ao 0 : Make sure that the propagation
MA1 AL AL AL AL delay time is within 40 ns.
MA2 A2 A2 A2 A2
MA3 A3 A3 A3 A3
MA4 A4 A4 As4 A4
MAs As As As As
MAe As Ae Ae Ae
MA7 A7 A7 A7 A7
MAs As As As As
MAg A9 A9 Ao A9
RAS RAS RAS RAS
CAS N o N SN o s SN oo Memory map
E [ededeTe] [edodede] (ededode] [edeZe]e] 00000016
B . |120880 ||z60048 ||Z26dad | [2oddd SFR area
RW [~ WL
: WL ] | 00008016 Jnternal
BLE Wi 00047F16] RAM area
BHE |- H =< Not used =
Ase/Do f———————"TT T 0 001FCO16
AC32
A17/D1 fp——— O0OLFFE1s SFR area
A18/D2
A19/D3 i i
A20/Da 3= Not used ~=
A21/Ds
A22/D6 E0000016
A23/D7 p——
As/Dg f——— DRAM area
Ad/D9 f————— (M5M4400CJ
A10/D10 f——m— 0 4)
A11/D11
A12/D12
A13/D13 olalals ool ol o ol 5| FFFFFF16
A14/D14 f——— S](e]ia}a] [a](a]a](a] alalee QoQla
BYTE 3151312 S138]1% EIEIEIE 3332
_—_ A1s/D15 f— z|2<|< <|<|<)|< Z[<[<|< Z|=|<|<
XIN Xout \
|_{25|:|,\,”_|Z}J Circuit condition : DRAM area select bits (bits 3 to 0 at address 6416) = “00102”

Fig. 16.1.32 Example of M5M44400CJ (1M 0O 4 bits) connection (external bus width = 16 bits)

16-36 7721 Group User’'s Manual



APPLICATION

16.1 Memory connection

<When reading>

(OLE) / A | tw(EL) = 135 (min) I

RAS tw(RASL) = 120 (min)
N ’,t‘

tw(RASH) = 60 (min)

LY

\J

_td(RAS-CAS) = 28 (min)

A

td(E-RASL) = 30 (max)
CAS td(E-CASL) = 77.5 (max) | << > tw(CASL) = 92.5 (min)
/ <~

d(RA-RAS) = 5 (min

_t

Y
\

> td(CA-CAS) = 5 (min)

[ f
MAo-MAs9 X Row address )Y Column address x
L toEAU = 20 (max) -
tAAD = 35 (max .
td(E-CA) = 60 (max) | <> (max) > tpzx(E-DLZ/DHZ) = 20 (min)
o tRACO = 70 (max) -~
-~ —

A16/D0-A23/D7, N N
Ag/D8-A15/D15 >< Address Input data

tcLz0= 5 (min)

A

A -
>

tcAcO = 20 (max) tsu(DL/DH-E) 2 30 | 4o = 920

A

<When writing>

tw(EL) = 135 (min)

tw(RASH) = 60 (min)

<

m
4"”
)

| ﬂ\‘

Al tw(RASL) = 120 (min)
N

£
RAS fgl
_ L [
_ tw(CASL) = 55 (min) L /
CAS ’7L
< td(E-CAsL) = 80-115 >
td(R/W-E) = 20 (min)
RIW /
<< /AC32(tPHL) O 2 > <CAC32(tPHL) O 2
o twest = 0 (min) twcHO = 10 (min) /
WL/WH > << )7
td(RA-RAS) = 5 (min .
< > th(RAS-RA) = 18 (min)
[ AL
MA0-MAg X Row address Xi Column address S
< > << >
d(CA-CAS) = 10 (min) th(CAS-cA) = 60 (min)
A16/D0-A23/D7,
As/Ds—-A15/D15 >< Address >< Data X
< TS
td(BLE/BHE-E) = 20 (min) tDHO = 15 (min) <>
< >

th(E-DLQ/DHQ) = 18 (min)

]

[
BLE/BHE X,

O : Specifications of M5M44400CJ-7
The others are specifications of M37721.

(Unit : ns)

Fig. 16.1.33 Timing chart for example of M5M44400CJ (1M O 4 hits) connection (external bus width = 16 bits)
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16.1 Memory connection

(10) Example of DRAM connection (external bus width = 16 bits) O

M37721 M5M44260CJ-7
MAo Ao (01 : Make sure that the
MA1 A1 P ; ;
MA2 Ao pr.op.agatlon delay time is
MA3 A3 within 20 ns.
MA4 A4 .
MAs As 02 : Make sur_e that the. _
MAs As propagation delay time is
m27 AT within 7.5 ns.
8 As
©-
RAS A AC1572 RAS
CAS . 1A
O :
_ : 1B _
BLE .ODC: oA 1y LCAS
BHE 0 >: ' B
-0 ; 2y UCAS Memory map
STO _Luoj : SELECT ST 00000016
sT1 : ;7_ SFR area
: ' _ 00008016  Internal
: Lo | OF 00047F1s| RAM area
RV 1o >° w 2 Not used A<
A16/Do AC32 01 DO: 001FCO16 SFR area
A17/D1 DQ2 001FFF16
A1s/D2 DQS
A19/D3 DQ4
A20/D4 DQs
A21/Ds DQs
A22/Dé6 DQ7 = Not used =
A23/D7 DQs
As/Ds DQa
Ao/D9 DQlO
A1o/D10 DQ11
F00000
BvTE ﬁn;Bll DQ12 10 DRAM area
12/D12 DO13
7J; A13/D13 D814 F7FFFF16 (M5M44260CJ)
A14/D14 DQz1s
A15/D1s DQ16 Not used
Xil SUT FFFFFF16
25 MHz

Circuit condition : DRAM area select bhits (bits 3 to 0 at address 6416) = “00012"

Fig. 16.1.34 Example of M5M44260CJ (256K [ 16 bits) connection (external bus width = 16 bits)
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16.1 Memory connection

<When reading>

E p tw(EL) = 135 (min)
(OE) < >/
RAS ZL‘ ”‘ tw(RASL) = 120 (min) }/

tw(RASH) = 60 (min) I y

td(RAS-CAS) = 28 (min)

td(E-RASL) = 30 (max) < >

CAS td(E-CASL) = 77.5 (max)| >\ tw(CASL) = 92.5 (min)
/ i i
td(RA-RAS) = 5 (min) .
S > <> td(CA-CAS) = 5 (min)
[
MAo-MAg Row address . Column address

toEAD = 20 (max)

tAAl = 35 (max)

td(E-CA) = 60 (max) | <<

A16/D0—-A23/D7,
As/Ds-A15/D15

X Address

td(BLE/BHE-E) = 20 (min)

< >

> tpzx(E-DLZ/DHZ) = 20 (min)
> <>

tsu(DL/DH-E) = 30

. tRACH = 70 (max)

tcLzO = 5 (min)
__  +AC157 (tPHL)
tcach = 20 (max)
+ AC157 (tPHL)

toezd = 0-20

BLE/BHE

A

<When writing>

— L tw(EL) = 135 (min) -
E / i /|
L 7
tw(RASH) = 60 (min)
14 tw(RASL) = 120 (min) L/
RAS iy T
. tw(CASL) = 55 (min) /
CAS X s
td(E-CASL) = 80-115
td(RIW-E) = 20 (min)
<>
RIW x /
<< AC32(tPHL) 1T AC32(tpHL)
\l twest=0(min) | twcHE = 15 (min)
w L i 1
td(RA-RAS) = 5 (min) th(RAS-RA) = 18 (min)
MA0-MAs X Row Address X Column address
td(CA-CcAS) = 10 (min) th(CAS-CA) = 60 (min)

A16/D0—-A23/D7,
As/Ds—A15/D15

>< Address

X Data

DR

-
g

BLE/BHE-E) = 20 (min)

3|
>

A

T .
toHO = 15 (min) < >
+ AC157(tPHL)

th(E-DLQ/DHQ) = 18 (min)

BLE/BHE

]

O : Specifications of M5M44260CJ-7
The others are specification of M37721.

(Unit : ns)

Fig. 16.1.35 Timing chart for example of M5M44260CJ (256K [ 16 bits) connection (external bus width = 16 hits)
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APPLICATION

16.1 Memory connection

16.1.4 Example of 1/O expansion

(1)

Example of port expansion circuit using M66010FP

Figure 16.1.36 shows an example of a port expansion circuit using the M66010FP. Make sure that
the frequency of Serial 1/O transfer clock must be 1.923 MHz or less.

About Serial 1/0 control in this expansion example is described below.

In this example, 8-bit data transmission/reception is performed 3 times by using UARTO, so that 24-
bit port expansion is realized. Setting of UARTO is described below:

e Clock synchronous serial /0O mode: Transmission/Reception enable state
e Internal clock is selected. Transfer clock frequency is 1.66 MHz.
e | SB first

The control procedure is described below:

O Output “L" level from port P4s. (Expanded 1/O ports of the M66010FP enter a floating state by this
signal. )

O Output “H” level from port P4s.

O Output “L” level from port P4a.

O Transmit/Receive 24-bit data by using UARTO.

O Output “H” level from port P4a.

Figure 16.1.37 shows the serial transfer timing between the M37721 and the M66010FP.

16-40
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APPLICATION

16.1 Memory connection

M37721 M66010FP ©
D1 | ! s .
TxDo » DI D2 | —W\— o
RXDo Js Adduw | DO D3 |« 7 >
D4 | Ay >
7J7-_ BYTE CLKo »! CLK D5 |- r’\/\/\,—4— .
P44 »| CS D6 | { s .
— D7 | { s .
P4s - S D8 |<¢ —WA— _
RTSo |— Open D9 |- 1 >
D10 |- T >
Ao-AT ’ D11 |- yumlAAm >
As/D8—A15/D15 |t—p t Vce D12 | { s >
; y D13 |« e >
A16/D0—A23/D7 jtt———p D14 | —W\—¢ -
ALE b » D15 |« yumlAAam ¢ >
= GND D16 |- 7 -
’ 7+ D17 | A o >
0 f—m D18 |« 'S s >
— D19 |- { -
RIW ’ D20 |« 1 -
BHE ———» D21 |- JumlAAam { >
BLE D22 |- o -
’ D23 |- yumlAAam >
XIN XouT D24 |- ¢ -
25 MHz

Circuit conditions: *UARTO used in clock synchronous serial /O mode

eInternal clock selected

*Frequency of transfer clock = f2

2(3+1)

= 1.5625 MHz

Expanded input ports

Fig. 16.1.36 Example of port expansion circuit using M66010FP
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16.1 Memory connection

‘'suolesado
1o sawreu s,uid s,d40T099I\ aJe S1aylo ayL
sweu uld S, TZZLEN [

‘1ndino uresp-uado [guueyd-N si suod Q/| papuedxs Jo ainpnns INdinO

-~ vea

20d vZ1d
Q
R

z20da clda
)
/ «
Q

104 / TIa

veid X €cla XNN_O X Taida XON_D XM
<

uod O/ papuedx3

0}

2d uod Q] papuedx3y

1A  wod oy papuedxy

<
jz4ele XMNOD XNNOD XHNOD XONOD x,q 80d XNOQ X 90d X S0d X#On_

«

)

«

L 'suod O/ papuedxa
01 Ind1no sI z Ja1siBal Yiys Jo ereq

b))

8Ia X:o X 91a X sla Xv_o €la Xm_o XH_Q -i-Ht- 0a  [oaxy |
‘lelsas ui indino si T Ja1siBal YIys Jo ereq
€0 XNOQ XHOQ 1a [oaxd |
"2 19181631 11ys o1 Indul S| eyep [elas
10 [0X10 ]
*T J421s16al 1Yiys 01 1ndino si suod Q/| papuedxa Jo eleq B
SEZ]
‘a1e1s Buneo|) woly pases|al ale suod Q| papuedx3
S |svd

«

Fig. 16.1.37 Serial transfer timing between M37721 and M66010FP
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16.2 Examples of using DMA controller

16.2 Examples of using DMA controller

16.2.1 Example of Centronics interface configuration
The following is an example of Centronics interface configurated by using DMAO, Timers A2 and A3.

(1) Specifications

«Octal latch’s contents are transferred to the data buffer (RAM) by using DMAO. The trigger is the
STB signal. (Refer to “Figure 16.2.1.” )

«“L” level width of the ACK signal is generated by using Timer A2; one-shot pulse mode; the trigger
is the rising edge of the DMAACKO signal. (Refer to “Figure 16.2.2." )

«Timer A3 generates the time from when the ACK signal rises until the BUSY signal falls; one-shot
pulse mode; the trigger is the rising edge of the DMAACKO signal. (Refer to “Figure 16.2.2." )

*P4s is used for BUSY signal generation. When outputting “H” level, the next transfer can wait. In that
case, the contents of the preceding transfer are hold in the octal latch.

When the data buffer is filled (in other words, DMA transfer is completed), a DMA interrupt occurs.
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16.2 Examples of using DMA controller

M37721

>
Octal latch ;
Data AC574 >
>
_ >
ocC T >
— A
mo—d P
RD
STB * Do -
D-F/F
BusY - (|9 °
DT <—o<} 7%
ACK =

Data bus

DMAREQO

TA3out (one-shot output)
TA3IN

DMAACKO

TA2IN

P4s

TAZ20uT (one-shot output)
XIN__ Xout

HOOF

25 MHz

Eig. 16.2.1 Example of Centronics interface configuration

DMAACKO

TA2ouTt

TA3out

>
I
;

T2 : Timer A2’s set time
T3 : Timer A3's set time

Fig. 16.2.2 Relationship between ACK and BUSY
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APPLICATION

16.2 Examples of using DMA controller

Initial setting example for relevant register

b7 bo
L | | | [2] [ [ [PortPa4register (Address As)

]

P43 output : H level

b7 b0
[T 1T 1 [ [ae] [ |PortPsregister (Address Bis)

:

TA3out output : H level (D-F/F initialized)

b7 bo
| | | | |1| | | |P0rtP4direction register (Address Cis)

]

P43 : Output mode

b7 b0
| | | | | 0 | 1 | 0| | Port P5 direction register (Address Dzis)

TA2N pin : Input mode

TA3ourt pin : Output mode (D-F/F initialized)
TAS3IN pin : Input mode

b7 bo
L | | | | | [o] [PortPo direction register (Address 1516)

DMAREQO pin : Input mode

b7 bo
lo[1]o|ofo]1]0]1]|DMAOmode register L (Address 1FCCus)

Transfer unit : 8 bits
— 2-bus cycle transfer
Cycle-steal transfer mode
Transfer source address direction : Fixed
Transfer destination address direction : Forward

b7 b0
loJo[o|o|o]o|o]o|DMAOmode register H (Address 1FCDzs)

Transfer source Wait
Transfer destination Wait
Single transfer mode

O : It may be “0” or “1.”

Fig. 16.2.3 Initial setting example for relevant register (1)
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16.2 Examples of using DMA controller

b23 b16b15 b8b7 b0
| | | | Source address register 0 (Addresses 1FC216 to 1FCO16)

T—Octal latch’s address

b23 b16b15 b8b7 b0
| | | | Destination address register 0 (Addresses 1FC616 to 1FC416)

| S Data buffer’s start address

b23 bl6bl5 h8b7  bO
| | | | Transfer counter register O (Addresses 1FCA16 to 1FC816)

| S Data buffer size (unit : byte)

b7 bo
| | [o]1]1]1][1]0]Timer A2 mode register (Address 5816)

One-shot pulse mode
Trigger : Rising edge of TA2iN pin’s input signal
Count source

b7 b0
| [ |of[1]2]1[1]0]Timer A3 mode register (Address 5916)

One-shot pulse mode
Trigger : Rising edge of TA3IN pin’s input signal
Count source

b15 b8 b7 b0
| | Timer A2 register (Addresses 4Bu1e, 4A16)

ACK signal's “L”" level time (T2 in Figure 16.2.2)

b15 b8 b7 b0
| | Timer A3 register (Addresses 4Dis, 4Ci1s)

L Period from falling edge of ACK signal until falling edge of BUSY signal
(T3 in Figure 16.2.2)

Fig. 16.2.4 Initial setting example for relevant register (2)
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16.2 Examples of using DMA controller

b7 bo
| | | 1 | 0 | 0| 0| 0 | 1 | DMAO control register (Address 1FCE1s)

Edge sense selected
DMAACKO pin : Valid

b7 bo

[ | | | [o] | | |DmACinterrupt control register (Address 6Cis)
Interrupt priority level : any of “0012” to “111>"

b7 bo

| | | | [2]1] | |countstartregister (Address 401s)

Timer A2 count start
Timer A3 count start

b7 b0

| | | ol | | | |DMAC-controlregister L (Address 6816)
\— DMAO request flag is set to “0.”

b7 b0

| | | | 1 | | | | | DMAC control register H (Address 6916)

DMAO enabled

b7 bo
| | | | [o] | | |PortP4register (Address Au)

P43 output : L level

T—DMA request source : External source (DMAREQO)

Fig. 16.2.5 Initial setting example for relevant register (3)
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16.2 Examples of using DMA controller

16.2.2 Example of stepping motor control
The following is an example where the slow-up or slow-down control for the stepping motor is performed
by using DMA1, DMA2, and RTPO.

(1) Specifications

*DMA1 transfers the stepping motor’'s phase output data from the phase output data table to the
RTPO pulse output data register. (Refer to “Figure 16.2.6” and “Table 16.2.1." )

*DMAZ2 transfers the step time for slow up or slow down from the timer AO set value data table to
the timer AO register. (Refer to “Figure 16.2.6.” )

After slow up or slow down is completed, a DMAZ2 interrupt occurs.

*Phase output is performed by RTPO; pulse output mode 0 (Refer to “Figures 16.2.6 and 16.2.7." )
*After slow up or slow down is completed, the motor operates with the definite rate.

M37721 ROM
< Phase output
g data table
2 |l<
-g RTPO m\ <
Steppi < D (=
epping
motor _ -
%‘&m‘“\% value data table
. “ i."'\
Timer | N X
|

Fig. 16.2.6 Example of stepping motor control
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16.2 Examples of using DMA controller

Table 16.2.1 Example of phase output data table

2-2 phase 1-2 phase
0 0011 0011
1 1001 0001
2 1100 1001
3 0110 1000
4 0011 1100
5 1001 0100
6 1100 0110
7 0110 0010
= ; ; ; ; S ——
Phass~—" O + 1 &+ 2 &+ 3 1 4 5167
RTPO3 5 5 B
8 . : : . N
@ | RTPO2 : | : J
SQ : 1 : 1 1 1 :
~ | RTPOL [ : [ : | ]
N : ] : : .
RTPOo ! | : I ! | L
RTPOs : | : : |
8 1 1 : : 1 1 1 |
S | RTPO2 5 s A N
S ! : : : :
o | RTPO1 : : ! ! :
— ! ! : : :
RTPOo E | i i i

Fig. 16.2.7 Example of phase output
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16.2 Examples of using DMA controller

(2) Initial setting example for relevant register

b7 bo
| 0 | 0 | | | 0| 1| 0 | 1 | DMA1 mode register L (Address 1FDC1s)

Transfer unit : 8 bits

2-bus cycle transfer

Cycle-steal transfer mode

Transfer source address direction : At regular turning ; “012” (Forward)
At reverse turning ; “102” (Backward)

Transfer destination address direction : Fixed

b7 bo
| 0 | 1 | 1 | 0 | 0 | 0| Dl 0 | DMA1 mode register H (Address 1FDD1s)

Transfer source Wait
No transfer destination Wait
Repeat transfer mode

b23 b16bl15 b8h7  bO
| | | | Source address register 1 (Addresses 1FD216 to 1FDO1s)

r_ :
Phase output data table’s start address

b23 b16b15 b8b7 b0
| 001 | 001 | 1Ais | Destination address register 1 (Addresses 1FD61s to 1FD41s)

. - :
Pulse output data register 0's address

b23 bl6b15  b8b7 b0
| | | | Transfer counter register 1 (Addresses 1FDA16 to 1FD816)

. :
Phase output data table’s data number

b7 bo
| | |o|o|ofo]1]1]|DMA1 control register (Address 1FDEzs)

DMA request source : Timer AO
DMAACK1 pin : Invalid

b7 bo
| | | | | [o]o]o]|DMALinterrupt control register (Address 6D1e)

Interrupt disabled

O : It may be “0” or “1.”

Fig. 16.2.8 Initial setting example for relevant register (1)

16-50 7721 Group User’'s Manual



APPLICATION

16.2 Examples of using DMA controller

b7 b0
[o]o] | [o]1][o]o0]|DMA2mode register L (Address 1FECis)

L

Transfer unit : 16 bits
2-bus cycle transfer
Cycle-steal transfer mode
Transfer source address direction : At slow up; “012” (Forward)
At slow down; “102" (Backward)
Transfer destination address direction : Fixed

b7 bo
[ofo[1]ofo]o[o]o0|DMA2mode register H (Address 1FEDzs)

Transfer source Wait
No transfer destination Wait
Single transfer mode

b23 b16bi5 b8b7 b0
| | | | Source address register 2 (Addresses 1FE216 to 1FEQ16)

. Timer AO set value data table’s start address

b23 b16b15 b8b7 b0
| 001 [ 001 | 461 |Destination address register 2 (Addresses 1FE616 to 1FE416)

[ . o
Timer AO register’'s address

b23 bl6b15 b8b7 b0
| | | | Transfer counter register 2 (Addresses 1FEA1s to 1FE816)

| S Data number of Timer AO set value data table

b7 bo
| | |olo[o|o]1]1]DMA2 control register (Address 1FEE1s)

L DMA request source : Timer AO
DMAACK2 pin : Invalid

b7 bo
| | | | |0| | | |DMA2 interrupt control register (Address 6Ez1s)

Interrupt priority level : any of “0012” to “1112"
0O : It may be “0” or “1.”

Fig. 16.2.9 Initial setting example for relevant register (2)
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b7 bo
| | | | [2]2]2]2]PortP6 register (Address Eie)

u—‘J~RTPOo/PGo—RTPOa/PGs initial output : H level

b7 bo
[ T T [ Jaf1]2]1] PortP6 direction register (Address 1016)

uJ—L RTP0o/P60—RTP03/P63 pin : Output mode

b7 b0
| | | | | | | | |Pulse output data register 0 (Address 1Az1s6)

First phase output data

b7 bo
| | [o]lo|[Ofo[ofo]| Timer A0 mode register (Address 5616)

Count source

b7 b0
| | | | | | 0 | 0 | 1 | Real-time output control register (Address 6216)

RTPO
Pulse mode 0

bi5 b8 b7 bo
| | Timer AO register (Addresses 4715, 4615)
[ : .
First step time
b7 bo

[T T T T T [ [t]Countstart register (Address 401c)

Timer AO count start

b7 b0
[ ToJo] T ] T [ ]DMAC control register L (Address 6816)

‘ DMAL request bit
DMAZ2 request bit

} are set to “0.”

b7 bo
| [1]1] | | | | | DMAC control register H (Address 6916)

‘ DMA1 enabled
DMAZ2 enabled

O : It may be “0” or “1.”

Fig. 16.2.10 Initial setting example for relevant register (3)

16-52

7721 Group User’'s Manual




APPLICATION

16.2 Examples of using DMA controller

16.2.3 Example of dynamic lighting for LED
The following is an example of dynamic lighting for LED by using DMA3 and Timer BO.

(1) Specifications

*The eight 7-segment LEDs are lighted up; port P6 outputs the segment data; port P7 outputs the
digit data. (Refer to “Figure 16.2.11." )

*The display data and the segment data are transferred from the data buffer to the port P6 and P7
registers by DMA3.

*Digit switch interval is generated by Timer BO.

*16 bytes of RAM are used as the data buffer. 1-digit display data consists of 2 bytes; the digit data
is placed in the high-order byte; the segment data is placed in the low-order byte. (Refer to “Table
16.2.2.")

When the digit data and segment data are “0,” the LED is lighted up (ON): when they are “1,” the
light goes out (OFF).
Assuming that the segment pattern is generated by another processing.

N = ="= [ [ [ [
SSiri=t= =iy in|w{in{n)x{xi

Fig. 16.2.11 Example of dynamic lighting for LED

Table 16.2.2 Data buffer

Data buffer
Digit data Segment pattern

00000001
00000010
00000100

Segment pattern of the

00001000 contents to be displayed
00010000 in each digit

00100000

01000000

10000000

Notes 1: This applies in the following:
when the digit data is “0,” the light goes
out.
*when the digit data is “1,” the LED is lighted
up.
2: Assuming that the segment pattern is
generated by another processing.
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b7 b0
| 0 | 0 | 0 | 1 | 0 | 1| 0 | 0 | DMA3 mode register L (Address 1FFCis)

Transfer unit : 16 bits
—— 2-bus cycle transfer
Cycle-steal transfer mode
Transfer source address direction : Forward
Transfer destination address direction : Fixed

b7 bo
lo|1[1]1]o|o|O] 0| DMA3 mode register H (Address 1FFDas)

No transfer source Wait
No transfer destination Wait
Repeat transfer mode

b23 bl6bl5 b8b7  bO
| | | | Source address register 3 (Addresses 1FF216 to 1FFO016)
r Data buffer’s start address

b23 bl6bl5 b8b7  bO
| 0016 | 0016 | OE1s | Destination address register 3 (Addresses 1FF616 to 1FF416)

|

Port P6, P7 register's address

b23 bi6b15 b8b7 b
| 0016 | 001 | 101 |Transfer counter register 3 (Addresses 1FFAis to 1FF816)

. Data number (unit : byte)

b7 bo
| | |o|o|1]0]0] 0| DMA3 control register (Address 1FFEzs)

DMA request source : Timer BO
DMAACKS3 pin : Invalid

b7 bo
L1 | || [o]o]o|pmas interrupt control register (Address 6F16)

Interrupt disabled
O : It may be “0” or “1.”

Fig. 16.2.12 Initial setting example for relevant register (1)
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b7 b0
lojoJo[ofofofo]o]PortP6 register (Address Eie)
|

Output : L level (Lights go out.)

b7 bo
lo]o|o|o|o|o|o]o]PortP7register (Address Fus)

T—Output : L level (All digits OFF)

|bl7| 1la]afa]a]1] 20| Port P6 direction register (Address 1016)
T—Output mode

b7 b0

[1]1]1]1]1]1]1]1]PortP7 direction register (Address 111s)
. Output mode

bi5 b8 b7 b0

| | Timer BO register (Addresses 5116, 5016)
r Digit switch interval

b7 bo
| | |o| |ofofofo]Timer Bo mode register (Address 5B1s)

Timer mode
Count source

b7 bo
| | | | | [o]o]o]TimerBo interrupt control register (Address 7Aie)

Interrupt disabled

b7 b0
| | |1| | | | | |Countstart register (Address 4016)

Timer BO count started

b7 bo
(o] | | | | [ | |DMAC controlregister L (Address 6816)

‘ DMAZ3 request bit : “0”

b7 bo
(1] | | | | | | |DMAC control register H (Address 6916)

‘ DMA3 enabled

O : It may be “0” or “1.”

Fig. 16.2.13 Initial setting example for relevant register (2)
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16.3 Comparison of sample program execution rate

Sample program execution rates are compared in this paragraph.

The execution time ratio depends on the program or the usage conditions.

16.3.1 Differences depending on data bus width and software Wait
Internal areas are always accessed with data bus of which width is 16 bits and no software Wait. In the
external areas, the external data bus width and software Wait are selectable. Table 16.3.1 lists the sample
program (Refer to “Figure 16.3.1.” ) execution time ratio depending on these selection and usable memory

areas.

Table 16.3.1 Sample program execution time ratio (external data bus width and software Wait)

Memory area

External data bus

Software Wait

Sample program execution time ratio

RAM ROM width (unit : bit) Sample A Sample B
None 1.00 1.00
16 Inserted 1.17 1.10
Internal | External None 1.19 1.08
8 Inserted 1.67 1.46
None 1.00 1.00
16 Inserted 1.25 1.17
External | Internal None 1.19 1.13
8 Inserted 1.78 1.65
Calculated value © 0.92 0.90

Calculated value P : The value is calculated from the shortest execution cycle number of each instruction

described in “7700 Family Software Manual.”
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Sample A

SEP M X
LDA. B A, #0
STA A, DEST+64
STA A, DEST+65
STA A, DEST+66
LDX. B  #63

| TALI C. LDA A, SOUR, X
TAY
AND. B A, #00000011B
STA A, DEST, X
TYA
AND. B A #00001100B
ORA A, DEST+1, X
STA A, DEST+1, X
TYA
AND. B A, #00110000B
ORA A, DEST+2, X
STA A, DEST+2, X
TYA
AND. B A #11000000B
ORA A, DEST+3, X
STA A, DEST+3, X
DEX
BPL | TALI C

Sample B
SEP X
CLM
. DATA 16
. I NDEX 8
LDY #69
LOOPO: LDX #69
LOOP1: ASL SOUR, X
SEM
.DATA 8
ROL SOUR+2, X
ROL B
CLM
. DATA 16
ROR A
DEX
DEX
DEX
BNE LOOP1
STA A, DEST, Y
SEM
.DATA 8
STA B, DEST+2, Y
CLM
. DATA 16
DEY
DEY
DEY
BNE LOOPO

0 SOUR, DEST : Work area

(Direct page area : Access this area by using the following modes.)
Direct addressing mode

Direct Indexed X addressing mode
*Absolute Indexed Y addressing mode

Fig. 16.3.1 Sample program list
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16.3.2 Comparison between software Wait (f(X w) = 20 MHz) and software Wait + Ready (f(X w) = 25 MHz)

Figure 16.3.3 shows the execution time ratio when sample programs in Figure 16.3.1 are executed on the
two conditions in Table 16.3.2. Figure 16.3.2 shows the memory assignment at execution rate comparison.
The execution time ratio depends on the program or the usage conditions.

Table 16.3.2 Comparison conditions

Item Condition O Condition O
Processor mode Microprocessor mode Microprocessor mode
f(Xin) 20 MHz 25 MHz
External data bus width 16 bits 16 bits
Software Wait Inserted Inserted
Ready Invalid Valid only for external EPROM area
Program area External EPROM External EPROM
Work area Internal or External SRAM Internal or External SRAM

M37721 memory map
SFR area

Internal SRAM

Specify either area as work area

K
External SRAM
Area where software

Wait is valid ] Condition O Ready valid area

Program area . o .
Exter?lal EPROM Insert Wait which is equivalent to 2 cycles
of ¢ at access

(Software Wait included)

Fig. 16.3.2 Memory assignment at execution rate comparison
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Figure 16.3.3 shows that there is almost no difference between conditions 00 and O about the execution
time. The bus buffers become unnecessary when using the specified memory. (Refer to “Table 16.1.6.” )
Considering this, the case where software Wait is inserted with f(Xiy) = 20 MHz (condition ) is superior

in the cost performance.

Sample A excution time ratio

Sample B excution time ratio

1.00 1.03

1105 1.04 110 1.05
100l 1% 100 101 1003 100

0.903 — 0.903

O.80—§ — 0.80—%

0705 — 0705

0.60 — 0.603

0.503 — 0.503

0.40_§ — 0.40_§

0.303 — 0.303

0.20_§ — 0.2o_§

o.1o_§ — 0.1o_§

0.00 E 0.00 E

Work area = Internal RAM' Work area = External RA Work area = Internal RAM

Work area = External RAM

: condition
[_]: Condition

g
g

Fig. 16.3.3 Execution time ratio
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MEMORANDUM
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APPENDIX
Appendix 1. Memory assignment of 7721 Group

Appendix 1. Memory assignment of 7721 Group

Microprocessor mode

M37721S2BFP M37721S1BFP SFR area

00000016
0000716 SFR area SFR area
00008016 00000216

(512 bytes) Ca}se obf_in_teirrlal RAMarea | Internal RAM area | .
0002 select bit =0 (512 bytes) (Note 2)| 000009

7F1s Internal RAM area 1

(512bytes) | rsdectmter

00047F16

External area

External area

Notes 1: Interrupt vector table is assigned to
addresses FFCEz16 to FFFF1se.
SFR area Make sure to set a ROM to this
area.
2: For the M37721S1BFP, fix the
internal RAM area select bit to “0.”

Bank 016 001FCOzs
SFR area

001FFF1s

00FFFFis

01000015 BMExternal area
Bank 116 (Note 1)

Y 01FFFF1s

External area
(Note 1)

A FF000016
Bank FF1e
\ FFFFFFis

Fig. 1 Memory assignment (microprocessor mode)
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Appendix 2. Memory assignment in SFR area

Access characteristics

RW : It is possible to read the bit state at reading. The written value becomes valid.

RO : Itis possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid. It is impossible to read the bit state.

[ ]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0:“0” immediately after reset.  [0] : Always “0” at reading.
1:“1” immediately after reset.

2 : Undefined immediately after + Always *1 at.readmg. .
reset. : Always undefined at reading.

: “0” immediately after reset. Fix this bit to “0.”

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
016 ?
116 ?
216 ?
316 ?
416 ?
516 2
616 ?
716 ?
816 ?
916 2
Ale Port P4 register RW | | | ? | 0 | 0 | 0
Bi6 Port P5 register RW ?
C16 Port P4 direction register RW | | | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
D16 Port P5 direction register RW 0016
E16 Port P6 register RW ?
Fi6 Port P7 register RW ?
1016 Port P6 direction register RW 0016
1116 Port P7 direction register RW 0016
1216 Port P8 register RW ?
1316 Port P9 register RW ?
1416 Port P8 direction register RW 0016
1516 Port P9 direction register RW 0016
1616 Port P10 register RW ?
1716 ?
1816 Port P10 direction register RW 0016
1916 ?
1A16 Pulse output data register 0 | | | | WO ?
1B16 ?
1C16 Pulse output data register 1 WO | | ?
1D16 2
1E16  A-D control register RW 0|0f[0]J]0O]|O|?2]|?]7
1F16  A-D sweep pin select register I I I I | | rw 21?21?21 ?2|?2|?2]|1]|1
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Access characteristics

RW: : It is possible to read the bit state at reading. The written value becomes valid.

RO : Itis possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[ 1: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after a reset

0 : “0” immediately after reset.
1:“1” immediately after reset.
? . Undefined immediately after

ZRIRIE

: Always “0” at reading.
: Always “1” at reading.

reset. : Always undefined at reading.
: “0” immediately after reset. Fix this bit to “0.”
Address Register name o7 Access characteristics ) 7State immediately after reset b

2016 A-D register 0 RO ?

2116 ?

2216 A-D register 1 RO ?

2316 ?

2416 A-D register 2 RO ?

2516 ?

2616 A-D register 3 RO ?

2716 ?

2816 A-D register 4 RO ?

2916 2

2A16 A-D register 5 RO ?

2B16 ?

2C16 A-D register 6 RO ?

2D16 ?

2E16 A-D register 7 RO -

2F16 ?

3016 UARTO transmit/receive mode register RW 0016

3116 UARTO baud rate register WO ?
?

3216 UARTO transmit buffer register WO .

3316 | wo ?

3416 UARTO transmit/receive control register 0 RO RW ?21?21?2]1?2|1]0 0

3516 UARTO transmit/receive control register 1 RO RVV| RO|RW 0J]0]J]0O0]J0O]0O]O 0
?

3616 UARTO receive buffer register RO T

3716 L] | |ro| [o]oJo]ofJo]ofo]?

3816 UARTL transmit/receive mode register RW 0016

3916 UART1 baud rate register WO ?
?

3A16 UART1 transmit buffer register [ WO -

3B16 | |wo ?

3Ci16 UARTL transmit/receive control register 0 RO RW 21?21?22 ] 1|0 0

3D16 UARTL transmit/receive control register 1 RO RW| RO|RW 0J]0jJ0]J0Oj0O]O 0
2

3E16 UARTL1 receive buffer register RO -

3F16 [ T T 1 | [Ro] [o]oJo]ofJoJo]o]>
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Access characteristics

RW: : It is possible to read the bit state at reading. The written value becomes valid.

RO : It is possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[ 1: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 : “0” immediately after reset.

1:“1” immediately after reset.

? : Undefined immediately after
reset.

Address Register name

: Always “0” at reading.

W

AN

Access characteristics

: Always “1” at reading.

: Always undefined at reading.

1 "0” immediately after reset. Fix this bit to “0.”

APPENDIX

Appendix 2. Memory assignment in SFR area

State immediately after reset

b7 b0 b7 b0
4016 Count start register RW 0016
4116 ?
4216  One-shot start register | | | WO ? | 0 | 0 | 0 m
4316 ?
4416 Up-down register WO | RW 0 | 0 | 0 | 0 | 0 | 0 M\Q\
4516 ?
4616 . . RW 2

Timer AO register
4716 [ RW ?
RW
4816 Timer Al register [ 2
4916 RW ?
4A16 Timer A2 register [ (Note 1) 2
4B16 (Note 1) ?
4C16 ' . (Note 1) 2
4D16 Timer A3 register [ (Note 1) 5
4E16 ) . (Note 1) ?
AF16 Timer A4 register [ (Note 1) -
5016 ' . (Note 2) ?
5116 Timer BO register [ (Note 2) -
5216 ' . (Note 2) ?
5316 Timer B1 register [ (Note 2) -
5

ggiz Timer B2 register [ IE:://VV 9
5616 Timer A0 mode register RW 0[O0 %\ \& \?}\ \&
5716 Timer A1 mode register RW 0|0 \ﬁ\ \@\ \?}\
5816  Timer A2 mode register RW 0016
5916 Timer A3 mode register RW 0016
5A16 Timer A4 mode register RW 0016
5B16  Timer BO mode register RW |"° RW 0fo]?]|2|0]0f0]O
5C16 Timer B1 mode register RW |®9° RW 0|0]?]2]0]|0]0]0O
5D16  Timer B2 mode register RW [Mg© RW 0/0[2][2]0]0N®
5E16 Processor mode register 0 RW WO[RW, RW o o|[o[0]o]1R®
5F16 Processor mode register 1 RW, ? el ?

Notes 1: The access characteristics at addresses 4A16 to 4F16 vary according to Timer A’s operating
mode. (Refer to “CHAPTER 8. TIMER A.” )

2: The access characteristics at addresses 5016 to 5316 vary according to Timer B’s operating

mode. (Refer to “CHAPTER 9. TIMER B.” )

3: The access characteristics for bit 5 at addresses 5B16 and 5C16 vary according to Timer B’s
operating mode. Bit 5 at address 5D1s is invalid. (Refer to “CHAPTER 9. TIMER B.” )

4: Bit 1 at address 5F16 becomes “0” immediately after reset. For the M37721S1BFP, fix this bit to

“q .
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Access characteristics

RW: : It is possible to read the bit state at reading. The written value becomes valid.

RO : Itis possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid. It is impossible to read the bit state.

[ 1]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0:"0” immediately after reset. : Always “0” at reading.
1:“1" immediately after reset. . wan .
? : Undefined immediately after - Always 1" at reading.

reset. : Always undefined at reading.

N : “0” immediately after reset. Fix this bit to “0.”

Address Register name b7 Access characteristics bo b?tate immediately after reset bo
6016 Watchdog timer register (Note 5) ?2(Note 6)

6116 Watchdog timer frequency select register | |RW ? 0
6216 Real-time output control register RW ofoJofofoJofo]o
6316 2

6416 DRAM control register RWl | | | RW 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
6516 ?

6616 Refresh timer WO ?

6716 2

6816 DMAC control register L (Note 7) | | RW ojo0fof0]?2]|2]|0]0
6916 DMAC control register H RW WO 0|j0(0OfO0OjO|JO|O]|O
6A16 ?

6B16 ?

6C16 DMAO interrupt control register RW ? 0(f0|0]|O
6D16 DMAL1 interrupt control register RW ? 0|0[0fO
6E16 DMA2 interrupt control register RW ? 01]0]0]O0
6F16 DMAZ3 interrupt control register RW ? 0o(0]J]0]|O0
7016 A-D conversion interrupt control register RW ? 0(f0]0]|O0
7116 UARTO transmit interrupt control register RW ? 0(0]J]0]|O0
7216 UARTO receive interrupt control register RW ? 0|0|0]O0
7316 UART1 transmit interrupt control register RW ? o(0|J]0]|O
7416 UARTL receive interrupt control register RW ? 0/0]0]O0
7516 Timer AO interrupt control register RW ? 0o(0|J]0]|O
7616 Timer Al interrupt control register RW ? 0/0]|]0]O0
7716 Timer A2 interrupt control register RW ? 0/0]0]O0
7816 Timer A3 interrupt control register RW ? 0|0|]0O0fO
7916 Timer A4 interrupt control register RW ? 0/]0]0]O0
7A16 Timer BO interrupt control register RW ? 01]0]0]0
7B16 Timer B1 interrupt control register RW ? 0|j]0j0O0fO
7C16 Timer B2 interrupt control register RW ? 0o(0|J]0]|O
7D16 INTo interrupt control register RW ? 0o|j0jOofo0OfO0]O
7E16 INT1 interrupt control register RW ? ofofojoO|OfO
7E16 INT2 interrupt control register RW ? ofofojoO|OfO

Notes 5: By writing dummy data to address 6016, the value “FFF16” is set to the watchdog timer.
The dummy data is not retained anywhere.
6: The value “FFF16” is set to the watchdog timer. (Refer to “CHAPTER 15. WATCHDOG TIMER.”)
7: It is possible to read the bit state at reading. When writing “0” to this bit, this bit becomes “0.”
But when writing “1” to this bit, this bit does not change.
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Access characteristics

RW : It is possible to read the bit state at reading. The written value becomes valid.

RO : Itis possible to read the bit state at reading. The written value becomes invalid.

wo : The written value becomes valid. It is impossible to read the bit state.

[ ]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 : “0” immediately after reset.
1:“1" immediately after reset.
? : Undefined immediately after

reset.

Address

1FCO016
1FC1l16
1FC216
1FC316
1FC416
1FC516
1FC616
1FC716
1FC816
1FC916
1FCA16
1FCB16
1FCCuis
1FCD16
1FCE1s6
1FCF16
1FDO016
1FD116
1FD216
1FD316
1FD416
1FD516
1FD616
1FD716
1FD816
1FD916
1FDA16
1FDB16
1FDCai6
1FDD16
1FDE1s6
1FDF16

ZEEE

Register name

Source address register 0

Destination address register 0

Transfer counter register O

DMAO mode register L
DMAO mode register H
DMAO control register

Source address register 1

Destination address register 1

Transfer counter register 1

DMAL1 mode register L
DMAL1 mode register H
DMAL1 control register

APPENDIX

Appendix 2. Memory assignment in SFR area

: Always “0” at reading.

: Always “1” at reading.

: Always undefined at reading.

: “0” immediately after reset. Fix this bit to “0.”

Access characteristics State immediately after reset
b0 b7 b0

RW
RW
RW

RW
RW
RW

RW
RW
RW

RW
RW

o
o
o
o

RW
RW
RW

RW
RW
RW

RW
RW
RW

(@)
o
o
o
N B I RN B I RS I IS I B I S I B S EC) BNY BT ECY BOY BOY BRI ERY PUY BRY BN BN
% ol&%)
o
o

RW 0
RW

o
o
o

o
o
o
o
2
o
o

E
)
)
o
o
o
o
o
o

-~
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Access characteristics

RW : It is possible to read the bit state at reading. The written value becomes valid.

RO : Itis possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid. It is impossible to read the bit state.

[ ]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0: “0” immediately after reset.
1:"1" immediately after reset.
? . Undefined immediately after

reset.

Address

1FEO16
1FEl16
1FE216
1FE316
1FE416
1FE516
1FE616
1FE716
1FES816
1FE916
1FEA16
1FEB16
1FECi16
1FED16
1FEE1s6
1FEF16
1FFO016
1FF116
1FF216
1FF316
1FF416
1FF516
1FF616
1FF716
1FF816
1FF916
1FFA16
1FFB1e
1FFCise
1FFD16
1FFE16
1FFF16

ZIRRIE)

Register name

Source address register 2

Destination address register 2

Transfer counter register 2

DMA2 mode register L
DMA2 mode register H
DMA2 control register

Source address register 3

Destination address register 3

Transfer counter register 3

DMAS3 mode register L
DMA3 mode register H
DMAS control register

: Always “0” at reading.

: Always “1” at reading.

: Always undefined at reading.

: “0” immediately after reset. Fix this bit to “0.”

Access characteristics State immediately after reset
b0 b7 b0

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW 0]0

o
o
ﬁ-o ECYENIENY ECY BNY BN BOY BON ECY ERYEN

RW

o
o
o
o
&
o
o

o
o
o
o

[ | RW 2[?2]o]o0

RW

RW

RW

RW

RW

RW

RW

RW

RW

SN N[NNI N[N

RW

o
o
o
o
o
o
o

RW

o
o
o
o
%
o
o

)
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Appendix 3. Control registers

The control registers allocated in the SFR area are shown on the following pages.
Below is the structure diagram for all registers.

01
b7 b6 b5 b4 b3 b2 bl

XXX register (Address XXzs)

02

N LT

R
Bit Bit name Functions Qt re%t (RW)
Poro b el 0 | select bit 2 0 RW
T 1 | ... select bit 0:. Undefined| WO
A The value {6 “0” at reading.
R S 2 |..flag 0:... 0 RO
oo 1:..
T S S 3 | Fix this bit to “0.” \ 0 RW
P e e—enene 4 | This bit is invalid in ... mode. \ 0 RW
R S 7 to 5{ Nothing is assigned. \ Undefined|  —
01 S 04
Blank : Set to “0” or “1” according to the usage.
0 : Set to “0” at writing.
1 : Set to “1” at writing.
O . Invalid depending on the mode or state. It may be “0” or “1.”
- - Nothing is assigned.
02
0 : “0” immediately after reset.
1 : “1” immediately after reset.
Undefined : Undefined immediately after reset.
03
RW . It is possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid. Accordingly, the written
value may be “0” or “1.”
wo : The written value becomes valid. It is impossible to read the bit state. The value is undefined at reading.

However, when [“0” is at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See 04 above.)

— . It is impossible to read the bit state. The value is undefined at reading.

However, when [0” is at reading”] is indicated in the “Function” or “Note” column, the bit is always “0" at
reading. (See 04 above.)
The written value becomes invalid. Accordingly, the written value may be “0” or “1.”

7721 Group User’'s Manual
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Port Pi register

b7 b6 b5 b4 b3 b2

Port Pi direction register

b7 b6 b5 b4 b3 b2 bl bO

Port Pi register (i =4 to 10)
(Addresses Auis, Bis, E1s, F16, 1216, 1316, 1616)

......................... 6

Bit Bit name Functions Atreset | RW
0 | PortPio’s pin Data is input from or output to a pin | Undefined | RW
- - by reading from or writing to the
Port Pi1’s pin corresponding bit. Undefined | RW
2 Port Pi2’s pin 0:“L" level Undefined| RW
- - 1:“H" level
3 Port Pi3’s pin Undefined| RW
4 Port Pia’s pin Undefined | RW
5 Port Pis’s pin Undefined| RW
Port Pis’s pin Undefined| RW
7 Port Pi7’s pin Undefined| RW

Note: For bits 0 to 2 of the port P4 register, nothing is assigned and these bits are fixed to “0” at reading.

Port Pi direction register (i = 4 to 10)
(Addresses Cise, D16, 1016, 1116, 1416, 1516, 1816)

A Bit Bit name Functions Atreset| RW
A b 0 Port Pio direction bit 0 : Input mode 0 RW
A - ) (The port functions as an input port)

A 1 Port Pi1 direction bit 1: Output mode 0 RW
bl e 2 | Port Pi direction bit (The port functions as an output port) RW
E E E E B 3 Port Pis direction bit 0 RW
e RREEEEEEEEEEEED 4 Port Pi. direction bit 0 RW
e 5 Port Pis direction bit 0 RW
AL ELEEELEEEEEEEEEY 6 Port Pis direction bit 0 RW
R CLLEETTEEE P EEEREEEETP 7 Port Piz direction bit 0 RW

Note: For bits 0 to 2 of the port P4 direction register, nothing is assigned and these bits are fixed to “0” at

reading.
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Pulse output data register O

b7 b6 b5 b4 b3 b2 bl bO
Pulse output data register 0 (Address 1Ais)
S Bit Bit name Functions Atreset [ RW
E e B RTPOo pulse output data bit 0 : “L" level output Undefined [ WO
A - 1:“H" level output
bt 1 RTPO1 pulse output data bit Undefined| WO
Lo , P . RTPO2 pulse output data bit _
H 1 ! ' 2 s g
e o (Valid in pulse mode 0) Undefined | WO
A RTPO3 pulse output data bit )
' ] ' L 3 o
oo (Valid in pulse mode 0) Undefined | WO
R GRGEEEEEEEE RS 7 to 4 | Nothing is assigned. Undefined | ——
Note: Use the LDM or STA instruction for writing to this register
Pulse output data register 1
b7 b6 b5 b4 b3 b2 bl b
| | - Pulse output data register 1 (Address 1Cis)
A Bit Bit name Functions Atreset | RW
R 0,1 | Nothing is assigned. Undefined | ——
S 5 | RTPO2 pulse output data bit 0 : “L” level output Undefined| WO
A T I (Valid in pulse mode 1) 1:“H” level output
E o 3 | RTPOs pulse output data bit Undefined| WO
v S (Valid in pulse mode 1)
E i E E  EELREEEEE e 4 RTP1o pulse output data bit Undefined | WO
E H 5 | RTP11 pulse output data bit Undefined | WO
L e 6 | RTP12 pulse output data bit Undefined | WO
e 7 RTP13 pulse output data bit Undefined| WO
Note: Use the LDM or STA instruction for writing to this register.
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A-D control register

b7 b6 b5 b4 b3

b2 bl bO

| | | | | | | | |A-D control register (Address 1Ezs)

Bit Bit name Functions Atreset| RW
H R b2 b1 b0 .
0 (A\\?sggg%nlnopnuet-zﬁlgtcetir?(ljtsrepeat 000:ANo selected Undefined | RW
modes) (Note 1) 00 1:AN1 selected
010 : AN: selected
1 011 :ANsselected Undefined| RW
100 : ANs selected
10 1: ANs selected _
2 110 : ANs selected Undefined| RW
11 1:ANr selected (Note 2)
~ . B b4 b3
3 A-D operation mode select bit 00 : One-shot mode 0 RW
0 1: Repeat mode
4 1 0: Single sweep mode 0 RW
11 : Repeat sweep mode
: : 0 : Internal trigger 0 RW
5 Trigger select bit 1: External trigger
6 A-D conversion start bit 0 : Stop A-D conversion 0 RW
1: Start A-D conversion
A-D conversion frequency 0 : f2 divided by 4
) 0 RW
7| (9a) select bit 1: f divided by 2

Notes 1: These bits are invalid in the single

either “0” or “1.”)

sweep and repeat sweep mode

. (They may be

2: When selecting an external trigger, the AN7 pin cannot be used as an analog input

pin.

3: Writing to each bit (except bit 6) of the A-D control register must be performed while

the A-D converter halts.

A-D sweep pin select register

b7 b6

b5 b4 b3 b2 bl b0

A-D sweep pin select register (Address 1Fie)

i : ; : : Bit Bit name Functions Atreset| RW
i : : : : ----- 0 A-D sweep pin select bits b1BO. . 1 RW
L (Valid in single sweep and repeat 00: ANo, ANs (2 pins)

[ sweep modes) (Note 1) 01 : ANo to ANs (4 pins)
e 1 10 : ANo to ANs (6 pins) 1 RW
foa 11: ANo to AN~ (8 pins) (Note 2)
A 7 to 2 | Nothing is assigned. Undefined | —

Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or “1.")

A-D register i

b7

b0

2: When selecting an external trigger, the AN7 pin cannot be used as an analog input pin.

3: Writing to each bit of the A-D sweep pin select register must be performed while the
A-D converter halts.

A-D registeri (i =0 to 7) (Addresses 2016, 2216, 2416,

2616, 2816, 2A16, 2C16, 2E16)

Bit

Functions

At reset

RW

7t00

Reads an A-D conversion result.

Undefined| RO
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UARTI transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl bo

UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)

Bit

Bit name

Functions

At reset

RW

Serial I/0 mode select bits

b2 bl b0

000 : Serial /0O disabled

(P8 functions as a programmable
IO port.)

Clock synchronous serial I/0
mode

010: Do not select.

011: Do not select.

100 : UART mode

(Transfer data length = 7 bits)
UART mode

(Transfer data length = 8 bits)
UART mode

(Transfer data length =9 bits)
Do not select.

001:

101:

110:

111:

0

RW

RW

RW

Internal/External clock select bit

. Internal clock
: External clock

RW

Stop bit length select bit
(Valid in UART mode) (Note)

: One stop bit
: Two stop bits

RW

Odd/Even parity select bit
(Valid in UART mode when
parity enable bit is “1") (Note)

: Odd parity
: Even parity

RO |(FPO|FLO

RW

Parity enable bit
(Valid in UART mode) (Note)

: Parity disabled
: Parity enabled

RW

Sleep select bit
(Valid in UART mode) (Note)

: Sleep mode terminated (Invalid)
: Sleep mode selected

RO |PFPO

0

RW

Note: Bits 4 to 6 are invalid in the clock synchronous serial I/O mode. (They may be either “0”

UARTI baud rate register

b7 b0

or “1.”) Additionally, fix bit 7 to “0.”

UARTO baud rate register (Address 311s)

UART1 baud rate register (Address 391s)

Bit

Functions

At reset

RW

7t00

Can be set to “0016” to “FFis.”

Assuming that the set value = n, BRGi
divides the count source frequency by (n + 1).

Undefined] WO

Note: Writing to this register must be performed while the transmission/reception halts.
Use the LDM or STA instruction for writing to this register.
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UARTI transmit buffer register

(b15)
b7

(b8)
b0 b7

b0

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B1s, 3A16)

_______________________________________ 15 to 9| Nothing is assigned.

Bit Functions Atreset | RW
_______________ 8 to 0 | Transmit data is set. Undefined| WO
Undefined —_

Note: Use the LDM or STA instruction for writing to this register.

UARTI transmit/receive control register 0

b7 b6 b5

b4 b3 b2 bl bO

UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register 0 (Address 3Czs)

E Bit Bit name Functions Atreset| RW
E e 0 BRG count source select bits b1 bo 0 RW
o 00:f2
P 01:fie
S 1 10:fea 0 RW
E 11:fs12
LR T EEREE 2 CTS/RTS select bit 0 : CTS function selected 0 RW
1: RTS function selected
.............. 3 Transmit register empty flag 0 : Data present in transmit register 1 RO
(During transmission)
1 : No data present in transmit register
(Transmission completed)
Nothing is assigned. Undefined| —

---------------------------- 7to4
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UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl

bo
| UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)

Bit Bit name Functions Atreset | RW
e 0 Transmit enable bit 0 : Transmission disabled 0 RW
1: Transmission enabled
......... 1 Transmit buffer empty flag 0 : Data present in transmit buffer 1 RO
register

1: No data present in transmit
buffer register

R 2 Receive enable bit 0 : Reception disabled 0 RW
1 : Reception enabled

TR EEEEEEEEEE 3 Receive complete flag 0: No data present in receive 0 RO
buffer register
1 : Data present in receive buffer

register
R 4 Overrun error flag (Note 1) | 0 : No overrun error 0 RO
! 1: Overrun error detected
R EEEEEEEERE 5 | Framing error flag (Notes 1, 2) [ 0: No framing error 0 RO
! (Valid in UART mode) 1 : Framing error detected
R 6 | Parity error flag (Notes 1,2) | 0 : No parity error 0 RO
i (Valid in UART mode) 1 : Parity error detected
Sy Epapapp 7 Error sum ﬂag (NOtes 1, 2) 0 : No error 0 RO
1: Error detected

(Valid in UART mode)

Notes 1: Bit 4 is cleared to “0” when the receive enable bit is cleared to “0” or when the serial
1/0 mode select bits (bits 2 to 0 at addresses 3016, 3816) are cleared to “0002.”
Bits 5 and 6 are cleared to “0” when one of the following is performed:
Clearing the receive enable bit to “0”
*Reading the low-order byte of the UARTI receive buffer register (addresses 3616, 3E1e)
out
«Clearing the serial I/O mode select bits (bits 2 to 0 at addresses 3015, 3816) to “0002”
Bit 7 is cleared to “0” when all of bits 4 to 6 become “0.”
2: Bits 5 to 7 are invalid in the clock synchronous serial I/O mode.

UARTI receive buffer register

(b15) (b8)
b7 b0 b7 b0
— | UARTO receive buffer register (Addresses 3716, 3616)
. . UART1 receive buffer register (Addresses 3F16, 3E1s)
E : : Bit Functions Atreset| RW
E L e 8to 0 | Receive data is read out from here. Undefined| RO
:L _______________________________________ 15 to 9| Nothing is assigned. 0 -
The value is “0” at reading.
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Count start register

b7 b6

b5 b4 b3 b2 bl b0

| | | | | | Count start register (Address 401e)

One-shot start register

b7 b6

......

b5 b4 b3 b2 bl bo

...nm One-shot start register (Address 421s)

Fmmmmmeee e e e e e mmmmmmm———————

Bit Bit name Functions Atreset| RW
0 Timer AO count start bit 0 : Stop counting 0 RW
1: Start counting
1 Timer Al count start bit 0 RW
2 Timer A2 count start bit 0 RW
3 Timer A3 count start bit 0 RW
4 Timer A4 count start bit 0 RW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW
Bit Bit name Functions Atreset| RW
0 Fix these bits to “0.” The value is “0” at reading. 0 WO
1 0 WO
2 | Timer A2 one-shot start bit 1 : Start outputting one-shot pulse 0 WO
- - (valid when internal trigger is
3 | Timer A3 one-shot start bit selected.) 0 WO
- - The value is “0” at reading.
4 Timer A4 one-shot start bit 0 WO
7 to 5 | Nothing is assigned. Undefined| —

17-16

7721 Group User’'s Manual




APPENDIX

Appendix 3. Control registers

Up-down register

b7 b6 b5 b4 b3 b2 bl bo

| 0 | 0 | Up-down register (Address 4416)

Bit Bit name Functions Atreset| RW
0 Fix these bits to “0.” 0 RW
1 0 RwW
2 | Timer A2 up-down bit 0 : Countdown 0 RW
1: Countup
3 Timer A3 up-down bit This function is valid when the contents of 0 RW
the up-down register is selected as the up-
4 Timer A4 up-down bit down switching factor. 0 RW
5 | Timer A2 two-phase pulse signal [ O : Two-phase pulse signal 0o | wo
processing select bit (Note) processing functlon_ disabled
1 : Two-phase pulse signal
6 Timer A3 two-phase pulse signal processing function enabled 0 \WYe]
processing select bit (Note) )
When not using the two-phase pulse
7 Timer A4 two-phase pulse signal signal processing function, set the bit 0 WO

processing select bit  (Note)

to 0.
The value is “0” at reading.

Note: Use the LDM or STA instruction for writing to bits 5 to 7.
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Timer Ai register

(b15) (b8)
b7 bo b7

Timer AO register (Addresses 4716, 4616)

b0 Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bu1s6, 4A16)

Timer Ai mode register

Timer A3 register (Addresses 4D1s, 4C1s)

Timer A4 register (Addresses 4F1s, 4E16)

Bit Functions Atreset| RW
--------------- 15 to 0| These bits have different functions according | undefined| RW
to the operating mode. (Note 1)

Notes 1: The access characteristics for the timer A2 register, timer A3
register, and timer A4 register differ according to Timer A’'s

operating mode.

2: Read from or write to this register in a unit of 16 bits.

| | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5Az16)

S A Bit Bit name Functions Atreset| RW
e 0 | Operating mode select bits b1 b0 0 RW
. 00 : Timer mode

. 0 1 : Event counter mode

T 1 10 : One-shot pulse mode 0 RW
e 1 1 : Pulse width modulation (PWM) mode

E A T e 2 These bits have different functions according to the operating mode. 0 RW
e 3 o |Rw
T GROEEEEELEERY 4 0o | Rw
e 5 0 RW
J R 6 0 | RW
LT TITTEREREERRER 7 o |rRw
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Timer Mode
(b15) (b8) Timer AO register (Addresses 4716, 4616)
b7 o b7 b0 Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4A16)
Timer A3 register (Addresses 4Dz1s, 4C16)
Timer A4 register (Addresses 4Fis, 4E1s)

Bit Functions Atreset [ RW

....................... 15 to 0| These bits can be set to “000016” to “FFFF1s.” | Undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by (n + 1)
When reading, the register indicates the
counter value.

Note: Read from or write to this register in a unit of 16 bits.

1: Pulse output
(TAjour pin functions as a pulse output
pin.)

b7 b6 b5 b4 b3 b2 bl bo . .
Timer AO mode register (Address 5616)
| | | 0 | 0| 0 | 0 | 0 | 0 | Timer Al mode register (Address 5716)
T Bit Bit name Functions Atreset | RW
H E E E E . E hee--- 0 | Fix these bits to “0.” 0 RW
R 1 0_[rw
] 2 0 RW
T S — 3 0 |RwW
R 4 o |RrRw
Lo L] 5 o | Rrw
R 6 Count source select bits b7 b6 0 RW
: 00:f2
' 01:fie
R 7 10:fes 0 RW
11:fs12
b7 b6 b4 b3 b2 bl b0
| | | | | | 0 | 0 | Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5A1s)
P Bit Bit name Functions Atreset | RW
E E E E ---| O Operating mode select bits ?)160 Timer mode 0 RW
e 0 [ rw
E E bommmeee- 2 Pulse output function select bit |0 : No pulse output 0 RW
v (TAjour pin functions as a programmable
- 110 port.)

R — 3 Gate function select bits b4b3 0 RW
! 00 :] No gate function

! 01 :} (TAj pin functions as a prog-
' rammable 1/O port.)

! 10: Counter counts only while TAjin
' pin’s input signal is at “L” level.

Co T 4 11: Counter counts only while TAjin 0 RW
! pin’s input signal is at “H” level.
TP 5 Fix this bit to “0” in timer mode. 0 RW
R EEEEEEEE DR 6 | Count source select bits b7 b6
; 00:f o | Rw
! 01:fie
--------------------- 7 10:fes 0 RW
11:fs12
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Event counter mode

(b15) (b8)
b7 b0 b7 b0
Timer A2 register (Addresses 4B1s, 4A16)
. Timer A3 register (Addresses 4D1s, 4Cis)
! Timer A4 register (Addresses 4F1s, 4E16)
E Bit Functions Atreset| RW
L e E L L LT 15 to O| These bits can be set to “000016” to “FFFF16.”| undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by (n + 1)
during countdown, or by (FFFFis — n + 1)
during countup.
When reading, the register indicates the
counter value.
Note: Read from or write to this register in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
|D |D I 0 | | | | 0| 1 | Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5Az16)
E E E E E E E E Bit Bit name Functions Atreset| RW
A : : oo
P 0 Operating mode select bits 01 : Event counter mode 0 RW
A 1 0 RW
e ehhh 2 | Pulse output function select bit | O : No pulse output (TAjour pin functions [ 0 RW
R as a programmable 1/0 port.)
- 1 : Pulse output (TAjout pin functions
R as a pulse output pin.)
P 3 | Count polarity select bit 0 : Counts at falling edge of external signal 0 RW
o0 1 : Counts at rising edge of external signal
HEEH E G EEE LT 4 Up-down switching factor select | 0 : Contents of up-down register 0 RW
. bit 1 : Input signal to TAjour pin
R CCEEEEEEEEEE 5 | Fix this bit to “0” in event counter mode. 0 RW
E R GERCEEEEEEPET e 6 These bits are invalid in event counter mode. 0 RW
L e C P R R 7 0 RW
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One-shot pulse mode

(b15) (b8)

Timer A2 register (Addresses 4Bis, 4Az16)
Timer A3 register (Addresses 4D1s, 4C1s)
Timer A4 register (Addresses 4F1s, 4E16)

Bit Functions Atreset | RW

---------------------- 15 to 0| These bits can be set to “000116" to “FFFFie.” | Undefined] WO
Assuming that the set value = n, the “H” level
width of the one-shot pulse output from the
TAjour pin is expressed as follows : n

i

fii Frequency of count source (f2 , fis, o4, Or fs12)

Note: Use the LDM or STA instruction for writing to this register.
Read from or write to this register in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bo

rammable 1/O port.)
bommmmmmmm e 4 1 0 : Falling edge of TAjn pin’s input signal 0 RW
1 1 : Rising edge of TAjin pin’s input signal

| I | ol | | 1 | 1 | 0 | Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5Az16)

R Bit Bit name Functions Atreset| RW
N + 1 1 t--| 0 | Operating mode select bits 0 One-shot pulse mode 0 RW
o e 1 o
P e 2 | Fix this bit to “1” in one-shot pulse mode. 0 RW
o ) . b4 b3

e 3 Trigger select bits 00 :| Writing “1” to one-shot start register 0 RW
P 01:| (TAjw pin functions as a prog-

A e 5 Fix this bit to “0” in one-shot pulse mode. 0 RW
' . b7 b6
---------------------- 6 Count source select bits 00:f 0 RW
01:fie
T LT T TR 7 10: fes 0
11:fs12 RW
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Pulse width modulation (PWM) mode

<When operating as a 16-bit pulse width modulator>

(b15) (b8)
b7 b0 b7 b0
Timer A2 register (Addresses 4Bz1s, 4A16)
! Timer A3 register (Addresses 4Dis, 4C16)
: Timer A4 register (Addresses 4F1s, 4E16)
' Bit Functions Atreset| RW
L e 15 to 0| These bits can be set to “000016” to “FFFE1s."] undefined| WO
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the
TAjour pin is expressed as follows: fL
1
(PWM pulse period = ﬂ )
fi: Frequency of count source (fz, fis, fes, Or f512)
Note: Use the LDM or STA instruction for writing to this register.
Read from or write to this register in a unit of 16 bits.
<When operating as an 8-bit pulse width modulator>
(b15) (b8)
b7 b0 b7 b0
Timer A2 register (Addresses 4B1s, 4A16)
r T Timer A3 register (Addresses 4Dzs, 4C16)
E . Timer A4 register (Addresses 4Fis, 4E16)
: H Bit Functions Atreset | RW
E [ 7 to 0 | These bits can be set to “0016” to “FFis.” Undefined| WO
! Assuming that the set value = m, PWM
! pulse’s period output from the TAjour pin is
; expressed as follows: _(M*+1D(@°~1)
' fi
------------------------------------ 15 to 8| These bits can be set to “0016” to “FEzs.” Undefined| WO
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the
TAjour pin is expressed as follows:
n(m + 1)
fi
fi: Frequency of count source (f2, fis, fes, OF f512)
Note: Use the LDM or STA instruction for writing to this register.
Read from or write to this register in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | 1 | 1 | 1 | Timer Aj mode register (j = 2 to 4) (Addresses 5816 to 5A16)
e Bit Bit name Functions Atreset [ RW
T . . b1 b0
P b 0 Operating mode select bits 11: PWM mode 0 RW
e E o [~w
oo e 2 | Fix this bit to “1” in PWM mode. 0 RW
: : : : : - . b4 b3
E Voo Tt 8 | Trigger select bits 00 :) Writing “1" to count start register 0 Rw
: N 01 : | (TAjw pin functions as a pro-
: - grammable I/O port.)
 ARRREREE L 4 1 0 : Falling edge of TAj pin’s input signal 0 RW
' : E 11 : Rising edge of TAjn pin's input signal
R RLCREICEEe 5 | 16/8-bit PWM mode select bit | 9+ 16-Dit pulse width modulator 0 | Rw
v 1 : 8-bit pulse width modulator
E e Count source select bits b7 b6
' 6 00:f2 0 RW
: 01:fie
L L L e L e E 7 10:fea 0 RW
11:fs512

17-22

7721 Group User's Manual




APPENDIX

Appendix 3. Control registers

Timer Bi register

(b15) (b8)
b7 b0 b7 bo

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset| RW

_______________________ 15 to 0| These bits have different functions according | Undefined | RW
to the operating mode. (Note 1)

Notes 1: The access characteristics for the timer BO register and timer
B1 register differ according to Timer B’s operating mode.
2: Read from or write to this register in a unit of 16 bits.

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0

| | | . | | | | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)
e Bit Bit name Functions Atreset| RW
A : :
A 0 Operating mode select bits 00 : Timer mode 0 RW
N 0 1 : Event counter mode
. 1 0 : Pulse period/Pulse width
o e T 1 measurement mode 0 RW
oy 11 : Do not select.
E E Rl 2 These bits have different functions according to the operating mode. 0 RW
A T S S — 3 0 RW
' E E e o] 4 Nothing is assigned. Undefined| —
: e 5 | These bits have different functions according to the operating mode. Undefined (NR(t) )
T ote
T EEEEEEEEEEEEEEEEE 6 o | Rw
 ERERCEEEEEETEEEEEEE 7 o | RW

Note: Bit 5 is invalid in the timer and event counter modes; its value is undefined at reading.
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Timer mode

(b15) (b8)
b7 b0 b7

b7 b6 b5 b4 b3 b2 bl bO

O
O
O

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset| RW
....................... 15 to 0| These bits can be set to “000016” to “FFFF16.”| Undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by (n + 1)
When reading, the register indicates the
counter value.
Note: Read from or write to this register in a unit of 16 bits.
| 0 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D1s)
Bit Bit name Functions Atreset| RW
i i bl b0
0 Operating mode select bits 00 - Timer mode 0 RW
1 0 RW
2 These bits are invalid in timer mode. 0 RW
3 0 RW
4 Nothing is assigned. Undefined| —
5 | This bit is invalid in timer mode; its value is undefined at reading. Undefined]| RO
6 | Count source select bits b7 b6 0 RW
00:f2
01:fs
7 10:fes 0 RW
11:fs2
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Event counter mode

(b15) (b8)
b7 b0 b7 b0 . .
Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
; Bit Functions Atreset| RW
e e 15 to 0| These bits can be set to “000016” to “FFFF16.” | yngefines| RW

Assuming that the set value = n, the counter

divides the count source frequency by (n + 1).

When reading, the register indicates the

counter value.

Note: Read from or write to this register in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
|D |D |D . | | ol 1 | Timer Bj mode register (j = 0, 1) (Addresses 5B1s, 5Ci6)

E : , : . . : : Bit Bit name Functions Atreset| RW
o E E Vote-- Operating mode select bits b1 b0
e 0 P 9 0 1 : Event counter mode 0 RW
e 1 0 RW
E E E E E R 2 Count polarity select bits b3 b2 0 RW
oy 00: Count at falling edge of external signal
oy 01: Count at rising edge of external signal
oy 10: Counts at both falling and rising edges
Vooror oy TEEEEEE ey 3 of external signal 0 RW
. 11: Do not select.
S EEEECnCEEEEEE 4 | Nothing is assigned. Undefined| —
bl bemmmmmmmmm—————— 5 [ This bitis invalid in event counter mode; its value is undefined at Undefined| RO
P reading.
E :_ ______________________ 6 These bits are invalid in event counter mode. 0 RW
P e L E T T EEEP R 7 0 RW
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Pulse period/pulse width measurement mode

(b15) (b8)
b7 b0 b7 bO

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)

Bit Functions Atreset| RW

...................... 15 to 0| The measurement result of pulse period or | Undefined| RO
pulse width is read out.

Note: Read from this register in a unit of 16 bits.

| | 1| 0 | Timer Bj mode register (j = 0, 1) (Addresses 5B16, 5Cus)

H Bit Bit name Functions Atreset [ RW

: . . b1 b0

l --| 0 | Operating mode select bits 10: Pulse period/Pulse width 0 | RW
: measurement mode

o Tmmees 1 0 RW
P meeeeand 2 Measurement mode select bits | 2352 0 RW

0 0 : Pulse period measurement
(Interval between falling edges
of measurement pulse)

0 1: Pulse period measurement
(Interval between rising edges

of measurement pulse)
Sttt 3 10 : Pulse width measurement 0 RW
(Interval from a falling edge to a rising
edge, and from a rising edge to a
falling edge of measurement pulse)
11 : Do not select.

________________ 4 Nothing is assigned. Undefined| —
5 Timer Bj overflow flag 0 : No overflow Undefined] RO
i """""""""" (Note) 1 : Overflowed
: R b7 b6
L 6 Count source select bits 00:f 0 RW
01:fie
7 10: fea 0 RW
N e emmmmeeeeeeememmaaaa 11:fs12

Note: The timer Bj overflow flag is cleared to “0” at the next count timing of the count source
when a value is written to the timer Bj mode register with the count start bit = “1.”
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Processor mode register O

b7 b6 b5 b4 b3 b2 bl bO

The value is “1” at reading.

0 Processor mode register O (Address 5E16)
Bit Bit name Functions Atreset | RW
. =---1 0 | Fixthis bitto “0." 0 RW
E R 1 Nothing is assigned. 1 _

b emmmmmmaaad 2 Wait bit 0 : Software Wait is inserted when 0 RW
accessing external area.

1 : No software Wait is inserted
when accessing external area.

R N 3 Software reset bit The microcomputer is reset by 0 WO
. writing “1” to this bit. The value is
: “0” at reading.
! . 4 Interrupt priority detection time | > 0 RW
select Eitg vy 00:7cyclesof ¢

E 01: 4 cycles of ¢
H 5 10:2cycles of ¢ 0 RW
E 11 : Do not select.

R EEEEEEEE L PE PP PR TPy 6 Fix this bit to “0.” 0 RW

Sy Stack bank select bit 0 : Bank Oz
! 1: Bank FFus 0 | RwW

Processor mode register 1

b7 b6 b5 b4 b3 b2 bl bO
Processor mode register 1 (Address 5Fis)

i : : : : : Bit Bit name Functions Atreset | RW
i E E E i E Voot 0 Nothing is assigned. Undefined| -
E E E E E E E _________ 1 Internal RAM area select bit 0 512 bytes (addresses 8016 to 27F1s) 0 RW
- (Notes 1, 2) 1:1024 bytes (addresses 8016t0 47F1s)

._:_E_:__:__: ____________ 7 to 2 | Nothing is assigned. Undefined] =

Notes 1: For the M37721S1BFP, fix bit 1 to “0.”
2: For the M37721S2BFP, set bit 1 before setting the stack pointer.
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Watchdog timer register

b7 b0

Watchdog timer register (Address 6016)

Bit Functions At reset

----------------- 7 to 0 | Initializes Watchdog timer. Undefined
When dummy data is written to this register, Watchdog
timer’s value is initialized to “FFFi6.” (Dummy data: 0016 to FF1e)

Watchdog timer frequency select register

b7 b6 b5 b4 b3 b2 bl bo
Watchdog timer frequency select register (Address 6116)

P oo
U

; Bit Bit name Functions At reset
E L 0 Watchdog timer frequency select| 0 : 512 0

! bit 1:f32

S 7 to 1 | Nothing is assigned. Undefined
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Real-time output control register

b7 b6 b5 b4 b3 b2 bl bO

_:I:D Real-time output control register (Address 6216)

7 to 3 | Nothing is assigned.
The value is “0” at reading.

Undefined| —

Bit Bit name Functions Atreset| RW
i : : : : : : .. 0 | Waveform output select bits See the following Table. 0 RW
oeeees 1 0o | Rw
E : I : . b 2 Pulse output mode select bit 0 : Pulse mode 0 0 RW
i i E i E 1 : Pulse mode 1

TN

Note: When using the P60—P67 pins as the pulse output pins for real-time output, set the
corresponding bits of the port P6 direction register (address 1016) to “1.”

b1 bo 00 01 10
—O P67/RTP1s —O P67/RTP13 —O P67/RTP1s —O P67/RTP1s
—O P66/RTP1: Port —O P66/RTP12 Port —O P66/RTP12 RTP —O P66/RTP12
—O P6s/RTP11 —O P6s/RTP11 —O P6s/RTPL1 —O P6s/RTP11
When pulse mode 0 | ~© P84RTPLo —O P64/RTPLo ~O P64/RTP1o —O P64/RTP1o
is selected —O P63/RTPO3 —O P63/RTPOs ~O P6s/RTPO: O P63/RTPOs
—O P62/RTPO2 —O P62/RTPO2 —O P62/RTPO2 —O P62/RTPO2
~O P6YRTPO: ( Port| & peyrTPO: [ RTP| _O PeyRTPO: [ POt| O P61/RTPO:
—O P6o/RTPO0 —O P60/RTPOo —O P60/RTPO0 —0O P60/RTPOo
—O P67/RTP13 —O P67/RTP13 —O P67/RTP13 —0O P67/RTP13
—O P66/RTP1: —O P66/RTP12 —O P66/RTP12 —O P66/RTP1:
—O P65/RTP11 Port —0O P6s5/RTP11 Port —0O P65/RTP11 —O P6s/RTP11
—O P64/RTPLo —O P64/RTPLo —O P64/RTP1Lo —O P64/RTPLo
When pulse mode 1| —O P6s/RTPOs —O P63/RTPOs —O P63/RTPOs —O P6s/RTPOs
is selected —O P62/RTPO2 —O P62/RTPO2 —O P62/RTPO: —O P62/RTPO:
—O P61/RTPO: —O P61/RTPO: —O P61/RTPO: —O P61/RTPO:
~O P6JRTPO0 /O —O peoRTPO0 S N1 —O P6oRTPO0 J ~O| —O peoRTPO0 /S RTF

Port : This functions as a programmable 1/O port.

RTP : This functions as a pulse output pin.
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DRAM control register

b7 b6 b5 b4 b3 b2 bl

b0

I:-:I:I:I:I DRAM control register (Address 6416)

L

Refresh timer

b7

b0

Bit

Bit name

Functions

At reset

RW

DRAM area select bits

b3 b2 bl b0

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

No DRAM area
F0000016-FFFFFF1s (1 Mbyte)
E00000:s-FFFFFF1s (2 Mbytes)
D0000016-FFFFFF1s (3 Mbytes)
C0000015-FFFFFF1s (4 Mbytes)
B000001s—FFFFFF1s (5 Mbytes)
A0000016-FFFFFFs (6 Mbytes)
90000016—FFFFFF1s (7 Mbytes)
80000015-FFFFFFs (8 Mbytes)
70000016-FFFFFF16 (9 Mbytes)
60000016-FFFFFF1s (10 Mbytes)
50000016—FFFFFF16 (11 Mbytes)
4000001-FFFFFFs (12 Mbytes)
30000016—FFFFFF16 (13 Mbytes)
2000001-FFFFFFis (14 Mbytes)
10000016—FFFFFF15 (15 Mbytes)

0

RW

RW

RW

RW

6to4

Nothing is assigned.
The value is “0” at reading.

DRAM validity bit (Note)

0 : Invalid (P104+—P107 pins function
as programmable input ports. Ac—
A pins function as address
output pins. Refresh timer stops
counting.)

1: Valid (P104—P107 pins function as
CAS, RAS, MAsg, and MAs. Ac—A7
function as MAc—MA?7. Refresh
timer starts counting.)

RW

Note: Set the refresh timer (address 6616) before setting this bit to “1.”

Refresh timer (Address 6616)

Bit

Functions

At reset

RwW

7t00

(n+1).

These bits can be set to “0116” to “FF1s.”
Assuming that the set value = n, this register divides fis by

Undefined

WO

Note: Use the LDM or STA instruction for writing to this register.
Do not set this register to “001s.”
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DMAC control register L

b7 b6 b5 b4 b3 b2 bl b0

I:I]m DMAC control register L (Address 6816)

Bit Bit name Functions Atreset [ RW
L . 0 : Fixed

0 P t lect bit : 0 RW
riority select bi 1: Rotatlng

1 TC pin validity bit 0 : Invalid 0 RW

(P10s pin functions as a

programmable 1/0O port (CMOS).)
1: Valid —

(P10s pin functions as TC pin (N-

channel open-drain).)

3,2 Nothing is assigned. Undefined] —
4 DMAO request bit 0 : No request 0 RW
5 DMAL request bit 1: Requested (Note 1) 0 RW
6 DMAZ2 request bit 0 RW
7 DMAS3 request bit 0 RW

Notes 1. The state of bits 4 to 7 are not changed when writing “1” to these bits.
2. *When writing to this register while any of DMAI enable bits (bits 4 to 7 at address

6916) is “1,” set m flag to “1” and use the LDM or STA instruction. When DMAI
request bit (bits 4 to 7 at address 6816) must not be changed, set DMAI request bit to
wp»
*When writing to this register while all of DMAI enable bits (bits 4 to 7 at address 6916)
are “0,” m flag may be “0” or “1.” Use the LDM or STA instruction for writing to this
register. When DMAI request bit (bits 4 to 7 at address 6816) must not be changed,
set DMAI request bit to “1.”

DMAC control register H

b7 b6 b5 b4 b3 b2 bl bO

| I I I I I I I | DMAC control register H (Address 6916)

Bit Bit name Functions Atreset | RW
0 Software DMAO request bit 1: DMA request 0 WO
(Valid when software DMA source

1 Software DMA1 request bit is selected.) 0 WO
The value is “0” at reading.

2 Software DMA2 request bit 0 WO

3 Software DMA3 request bit 0 WO

4 DMAQO enable bit 0 : Disabled 0 RW
1: Enabled

5 DMAL1 enable bit 0 RW

6 DMAZ2 enable bit 0 RW

7 DMAZ3 enable bit 0 RW

Note: When any of bits 4 to 7 is set to “1,” use the CLB or SEB instruction for writing to this
register.
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Interrupt control register

b7 b6 b5 b4 b3 b2 bl bo
DMAO to DMA3, A-D conversion, UARTO and 1 transmit, UARTO and 1 receive, timers A0 to A4, timers B0 to B2
interrupt control registers (Addresses 6Czs to 7C1e)

at “H” level when level sense is
selected; this bit is set to “1” at
falling edge when edge sense is
selected.

1: Interrupt request bit is set to “1”
at “L” level when level sense is
selected; this bit is set to “1” at
rising edge when edge sense is

Bit Bit name Functions Atreset [ RW
T R S Interrupt priority level b2 b1 b0 .
oo 0 | mertupt priority 000 : Level O (Interrupt disabled) 0 | RW
L 001:Levell
R 010:Level 2
et 1 011:Level3 0 RW
A 100: Level 4
R 101:Level5
- 110:Level 6
T 2 111:Level7 0 | RW
i Voo s 3 | Interrupt request bit 0 : No interrupt requested 0 RW
R R 1: Interrupt requested
L DERPEEEPEEPPPEEPRERPE 710 4 | Nothing is assigned. Undefined| —
b7 b6 b5 b4 b3 b2 bl b0
| | | INTo to INT2 interrupt control registers (Addresses 7D16 to 7F16)
Bit Bit name Functions Atreset| RW
: A Interr riority level b2b1b0
' A 0 Seﬁci‘ﬁ}tg lority leve 000 Level O (Interrupt disabled) 0 RW
' N 001:Levell
' R 010:Level 2
' it 1 011:Level3 0 RW
! Vo 100:Level 4
' o 101:Level5
! Vo 110:Level 6
; Lo Tt 2 111:Level7 0 | RwW
S N — 3 | Interrupt request bit (Note) 0 : No interrupt requested 0o | rRw
' - 1 : Interrupt requested
E : R 4 Polarity select bit 0 : Interrupt request bit is set to “1” 0 RW

g

selected.
S 5 | Level sense/Edge sense 0 : Edge sense 0 RW
select bit 1: Level sense
"""""""""""""" 7,6 | Nothing is assigned. Undefined | —

Note: The interrupt request bits of INTo to INT2 interrupts are invalid when the level sense is selected.
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Source address register i

b23 b16 bl15 b8 b7 b0

Source address register 0 (Addresses 1FC216 to 1FCO016)
Source address register 1 (Addresses 1FD216 to 1FDO016)
Source address register 2 (Addresses 1FE216 to 1FEOQ16)
Source address register 3 (Addresses 1FF216 to 1FF016)

Bit Functions Atreset| RW

L N 23 to 0| These bits have different functions according to the [ gefined| RW
operating mode.

Note: When writing to this register, write to all 24 bits.

Destination address register i

b23 b16 bl5 b8 b7 b0

Destination address register 0 (Addresses 1FC616 to 1FC416)
Destination address register 1 (Addresses 1FD616 to 1FD416)
Destination address register 2 (Addresses 1FE616 to 1FE416)
Destination address register 3 (Addresses 1FF616 to 1FF416)

Bit Functions Atreset| RW

U (RS RUUpURIPIRI 23 to 0| These bits have different functions according to the

. Undefined] RW
operating mode.

Note: When writing to this register, write to all 24 bits.

Transfer counter register i

b23 b16 bl15 b8 b7 b0

Transfer counter register 0 (Addresses 1FCA16 to 1FC816)
Transfer counter register 1 (Addresses 1FDA16s to 1FD816)
Transfer counter register 2 (Addresses 1FEA16 to 1FE816)
Transfer counter register 3 (Addresses 1FFA16 to 1FF81s6)

Bit Functions Atreset| RW

U USSR RUUPURIPIRI 23 to 0| These bits have different functions according to the

X Undefined] RW
operating mode.

Note: When writing to this register, write to all 24 bits.
Do not write “00000016” to this register.
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Single transfer mode

b23 b16 bl5 b8 b7 b0 .
Source address register 0 (Addresses 1FC216 to 1FCO016)
Source address register 1 (Addresses 1FD216 to 1FDO016)
: , , Source address register 2 (Addresses 1FE216 to 1FEO16)
Source address register 3 (Addresses 1FF216 to 1FF016)
E E E Bit Functions At reset
bommmmmmmemedee e fmmmmmm - 23 to 0| [Write] Undefined
Set the transfer start address of the source.
These bits can be set to “00000016” to “FFFFFF1s.”
[Read]
The read value indicates the source address of data
which is next transferred.
Note: When writing to this register, write to all 24 bits.
b23 b16 bl5 b8 b7 b0
Destination address register 0 (Addresses 1FC616 to 1FC416)
_ ' ' Destination address register 1 (Addresses 1FD616 to 1FD416)
' ! ! Destination address register 2 (Addresses 1FE616 to 1FE416)
: : : Destination address register 3 (Addresses 1FF616 to 1FF416)
Bit Functions At reset
R L LR Rl REEEEEELEL 23 to 0| [Write] L Undefined
Set the transfer start address of the destination.
These bits can be set to “00000016” to “FFFFFF1s.”
[Read]
The read value indicates the destination address of
data which is next transferred.
Note: When writing to this register, write to all 24 bits.
b23 b16 bl5 b8 b7 b0
Transfer counter register 0 (Addresses 1FCA16 to 1FC816)
_ - - Transfer counter register 1 (Addresses 1FDA16 to 1FD816)
' ! ! Transfer counter register 2 (Addresses 1FEA16 to 1FE816)
' : . Transfer counter register 3 (Addresses 1FFA16 to 1FF8u1s)
E . . Bit Functions At reset
ettt Shbhhhbbbt 23 to of [Write] Undefined

Set the byte number of the transfer data.

These bits can be set to “0000011¢” to “FFFFFFs.”
[Read]

The read value indicates remaining byte number of
the transfer data.

Note: When writing to this register, write to all 24 bits.
Do not set this register to “0000001s.”
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Repeat transfer mode

b23 b16 bl5 bs b7 b0 .
Source address register 0 (Addresses 1FC216 to 1FCO0z16)
Source address register 1 (Addresses 1FD216 to 1FDO0z16)
: : : Source address register 2 (Addresses 1FE216 to 1FEQ16)
Source address register 3 (Addresses 1FF216 to 1FF016)
E E E Bit Functions Atreset| RW
B fmmmmmee- 23 to 0| [Write] Undefined| RW
Set the transfer start address of the source.
These bits can be set to “00000016” to “FFFFFF16.”
[Read]
The read value indicates the source address of data
which is next transferred.
Note: When writing to this register, write to all 24 bits.
b23 b16 b15 b8 b7 b0
Destination address register 0 (Addresses 1FC616 to 1FC416)
_ - ' Destination address register 1 (Addresses 1FD616 to 1FD416)
' ! ! Destination address register 2 (Addresses 1FE616 to 1FE416)
: : . Destination address register 3 (Addresses 1FF616 to 1FF416)
E : : Bit Functions Atreset| RW
R RREEEEEEEL 23 to 0| [Write] L Undefined| RW
Set the transfer start address of the destination.
These bits can be set to “00000016” to “FFFFFF16.”
[Read]
The read value indicates the destination address of
data which is next transferred.
Note: When writing to this register, write to all 24 bits.
b23 b16 b15 b8 b7 bo
Transfer counter register 0 (Addresses 1FCA16 to 1FC816)
' - - Transfer counter register 1 (Addresses 1FDA16 to 1FD816)
' ! ! Transfer counter register 2 (Addresses 1FEA16 to 1FE816)
. : . Transfer counter register 3 (Addresses 1FFAz1s to 1FF816)
E , , Bit Functions Atreset| RW
bommmmmmmee et Shhhbbbbt 23 to of [Write] Undefined| RW

Set the byte number of the transfer data.

These bits can be set to “0000011¢” to “FFFFFFi6.”
[Read]

The read value indicates the remaining byte number
of the block which is being transferred.

Note: When writing to this register, write to all 24 bits.
Do not write “00000016” to this register.
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Array chain transfer mode

b23 b16 b15 b8 b7 b0 .
Source address register 0 (Addresses 1FC216 to 1FCO016)
Source address register 1 (Addresses 1FD216 to 1FDO16)
: , , Source address register 2 (Addresses 1FE216 to 1FEO16)
Source address register 3 (Addresses 1FF216 to 1FF016)
E E E Bit Functions Atreset| RW
bt SEEREELLLL 23 to of [Write] Undefined| RW
Set the start address of transfer parameter memory.
These bits can be set to “00000016” to “FFFFFF1s.”
[Read]
After a value is written to this register and until
transfer starts, the read value indicates the written
value (the start address of the transfer parameter
memory).
After tranfer starts, the read value indicates the
source address of data which is next transferred.
Note: When writing to this register, write to all 24 bits.
b23 b16 b15 b8 b7 b0
Destination address register 0 (Addresses 1FC616 to 1FC416)
_ ' ' Destination address register 1 (Addresses 1FD616 to 1FD416)
' ! ! Destination address register 2 (Addresses 1FE616 to 1FE416)
: : : Destination address register 3 (Addresses 1FF616 to 1FF41s)
E E E Bit Functions Atreset| RW
L L L femmm e 23t0 0 {\IIQeee;d?Ot to set. Undefined| RW
After transfer starts, the read value indicates the
destination address of data which is next transferred.
b23 b16 b15 b8 b7 b0
Transfer counter register 0 (Addresses 1FCA16 to 1FC816)
_ - - Transfer counter register 1 (Addresses 1FDA16 to 1FD816)
' ! ! Transfer counter register 2 (Addresses 1FEA16 to 1FE816)
' ' . Transfer counter register 3 (Addresses 1FFAz1s to 1FF816)
E , , Bit Functions Atreset| RW
ettt Shbhhhbbbt 23 to of [Write] Undefined| RW

Set the number of transfer blocks.

These bits can be set to “00000116” to “FFFFFF6.”

[Read]

«After a value is written to this register and until
transfer starts, the read value indicates the written
value (the transfer block number) .

«After transfer starts, the read value indicates the
remaining byte number of the block which is being
transferred.

Note: When writing to this register, write to all 24 bits.
Do not write “00000016” to this register.
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Link array chain transfer mode

b23 b16 bl5 b8 b7 b0 .
Source address register 0 (Addresses 1FC216 to 1FCO0z1e)
Source address register 1 (Addresses 1FD216 to 1FDO016)
: : . Source address register 2 (Addresses 1FE216 to 1FEQ16)
Source address register 3 (Addresses 1FF216 to 1FFQ16)
E : : Bit Functions Atreset| RW
R LR e 23 to 0| [Write] Undefined| RW
Set the start address of transfer parameter memory
of block which is first transferred.
These bits can be set to “0000001¢” to “FFFFFF1s.”
[Read]
After a value is written to this register and until
transfer starts, the read value indicates the written
value (the start address of the transfer parameter
memory of block which is first transferred).
After transfer starts, the read value indicates the
source address of data which is next transferred.
Note: When writing to this register, write to all 24 bits.
b23 b16 bl5 b8 b7 b0
Destination address register 0 (Addresses 1FC616 to 1FC416)
_ ' i Destination address register 1 (Addresses 1FD616 to 1FD416)
! ' ! Destination address register 2 (Addresses 1FE616 to 1FE416)
. : : Destination address register 3 (Addresses 1FF616 to 1FF416)
E I l Bit Functions Atreset| RW
R L LR SEEEEEEES 23 to 0| Need not to set. Undefined| RW
[Read]
After transfer starts, the read value indicates the
destination address of data which is next transferred.
b23 b16 bl5 b8 b7 b0

Transfer counter register 0 (Addresses 1FCA16 to 1FC816)

Transfer counter register 1 (Addresses 1FDA16 to 1FD816)
Transfer counter register 2 (Addresses 1FEA16 to 1FE816)
Transfer counter register 3 (Addresses 1FFA16 to 1FF81s)

Bit

Functions

At reset

RW

23t00

[Write]

Set the dummy data.

These bits can be set to “00000116” to “FFFFFF1s.”

[Read]

After a value is written to this register and until
transfer starts, the read value indicates the written
value (dummy data).

*After transfer starts, the read value indicates the
remaining byte number of the block which is being
transferred.

Undefined

RW

Note: When writing to this register, write to all 24 bits.
Do not write “00000016” to this register.
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DMAI mode register L

DMAO mode register L (Address 1FCCas)

o7 6 o bA B3 P2 DL 0. DMAL mode register L (Address 1FDCze)

| | | | | 0| | | | DMA2 mode register L (Address 1FECus)
I DMA3 mode register L (Address 1FFCise)
Bit Bit name Functions Atreset | RW
et 0 | Number-of-unit-transfer-bits 0 : 16 bits 0 RW
R R T select bit (Note) 1 : 8 bits
P 4 1 Reeeeeaa 1 Transfer method select bit 0 : 2-bus cycle transfer 0 RW
A T T 1: 1-bus cycle transfer
Poror o il 2 | Transfer mode select bit 0 : Burst transfer mode 0 RW
- 1 : Cycle-steal transfer mode
A S REEEEEE 3 | Fix this bit to “0.” o | rw
R 4 | Transfer source address bSb4 0 RW
o direction select bits 00 : Fixed
o 01 : Forward
bl hemmmmmmmmmmma—meea- 5 10 : Backward 0 RW
P 11 : Do not select.
E L e e e 6 Transfer destination address %786_ Fixed 0 RW
' irecti lect bit :
: direction select bits 01 - Forward
............................ 7 1 0 : Backward 0 RW

11: Do not select.

Note: When the external data bus has a width of 8 bits and 1-bus cycle transfer is selected, set
bit 0 to “1.”

DMAI mode register H

DMAO mode register H (Address 1FCDais)

b7 b6 b5 b4 b3 b2 bl b0

DMAL1 mode register H (Address 1FDDzis)
DMA2 mode register H (Address 1FEDzs)

DMAS3 mode register H (Address 1FFDzis)

Bit Bit name Functions Atreset| RW

e 0 | Transfer direction select bit 0 : From memory to 1/0 0 RW

A (Used in 1-bus cycle transfer) (Note 1) | 1 : From I/O to memory

. E Vo e 1 1/0 connection select bit Refer to “Fig.13.2.7." 0 RW

o (Valid in 1-bus cycle transfer)

E . . I . bosmnnans 2 Fix these bits to “0.” 0 RW

YRR EELEEE 3 0 RW

S S T P 4 | Transfer source wait bit (Note 2) | 0 : Wait 0 RW

o 1: No Wait

o 5 Transfer destination wait bit (Note 2) 0 RW

R GEECCCEEEEPPEEEERPES 6 | Continuous transfer mode select | b7b6 0 RW

' bits 00 : Single transfer

! 0 1: Repeat transfer

L e e 7 10 : Array chain transfer 0 RW
11: Link array chain transfer

Notes 1: Set bit 0 to “0” in 2-bus cycle transfer.
2: Bits 4 and 5 are valid to the external and internal areas. However, DRAM area is
always handled with “Wait” regardless of the contents of these bits.
The wait bit (bit 2 at address 5Eus) is invalid in DMA transfer.
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DMAI control register

b7 b6 b5 b4 b3 b2 bl bo DMAO control reg!ster (Address 1FCEzis)

DMAZ1 control register (Address 1FDEze)
| | DMAZ2 control register (Address 1FEEzs)
DMAZ3 control register (Address 1FFEzis)

Bit Bit name Functions Atreset | RW

: (Note) 0000:Donotselect.
: 00 0 1 : External source (DMAREQI)
: 001 0 : Software DMA source

0011:Timer A0
[ 1 0100: TimerAl 0 RW
: 0101: Timer A2
: 0110:Timer A3

HE 0 DMA request source select bits | b3b2bibo 0 RW

0111:TimerA4
| hemmemeeoo- 2 1000: Timer BO 0 RW
1001: Timer Bl
1010: Timer B2
1011:UARTO receive
1100 : UARTO transmit

R bl 3 1101 : UART1 receive 0 RW
. 1110:UARTL1 transmit
. 1111:A-Dconversion
------------------ 4 | Edge sense/Level sense select | O : Edge sense (Falling edge) 0 RW

bit (Used when external source | 1: Level sense (“L" level)
and burst transfer mode are
selected) (Note)

. 5 DMAACK:i validity bit 0 : Invalid (The pin functions as a 0 RW
programmable 1/O port.)

1: Valid
(The pin functions as DMAACK:i.)

ey 7,6 | Nothing is assigned. Undefined| —

Note: When a certain source other than an external source is selected by bits 0 to 3 or when
the cycle-steal transfer mode is selected, set bit 4 to “0.”
Level sense can be selected only when both of the external source and the burst
transfer mode are selected.
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Appendix 4. Package outline

100P6S—A Plastic 100pin 14X 20mm body QFP
EIAJ Package Code JEDEC Code Weight (g) Lead Material
QFP100-P-1420-0.65 — 1.58 Alloy 42 Mo
Scale : 2/1 @ | [][]_ “‘l]
[, HD 1:“ _--It--_ [—]
-— =
[. D o !!
@ @ Ldoe—ae—odd W
=
| [ - ST
@ =L = = | : L
°© OF ey
= = e |0
=] =
= = Recommended Mount Pad
o =
= = Dimension in Millimeters
= =
=S = Symboli ™ T Nom | Max
=] = A - — 3.05
2 - T
Q = = b 025 | 03 0.4
= = c 0.13 0.15 0.2
® =L = D | 138 | 140 | 142
' E 19.8 20.0 202
() ) A | U (el — 0.65 —
Ho | 165 16.8 17.1
— HE | 225 2238 23.1
L 0.4 0.6 0.8
& L1 = 14 —
A RN y — — 0.1
== —(=L-=£ 7 | 0 S T
z JLL be — 0.35 -
Detail F I2 1.3 = -
Mb = 14.6 =
ME — 20.6 —
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Appendix 5. Examples of handling unused pins

Examples of handling unused pins are described below. These descriptions are just examples. The user
shall modify them according to the actual application and test them.

Table 1 Examples of handling unused pins

Pins

Handling example

P4s to P47, P5 to P10

Connect these pins to the Vcc or Vss pin via resistors
after these pins are set to the input mode, or leave
these pins open after they are set to the output mode
(Notes 1, 2).

BLE, BHE, ALE, @, STO, ST1

Leave this pin open.

Xout (Note 3)

Leave this pin open.

HOLD, RDY Connect these pins to the Vcc pin via resistors (These
pins are pulled high.) (Note 2)

CNVss Connect this pin to the Vcc pin or Vss pin.

AVcc Connect this pin to the Vcc pin.

AVSS, Vrer Connect these pins to the Vss pin.

Notes 1: When leaving these pins open after they are

set to the output mode, note the following: these pins

function as input ports from reset until they are switched to the output mode by software. Therefore,
voltage levels of these pins are undefined and the power source current may increase while these
pins function as input ports. Accordingly, set these ports to the output mode immediately after
reset. Software reliability can be enhanced when the contents of the above ports’ direction registers
are set periodically. This is because these contents may be changed by noise, a program runaway

which occurs to noise, etc.

2: For unused pins, use the shortest possible wiring (within 20 mm from the microcomputer’s pins).
3: This applies when a clock externally generated is input to the X pin.

e When setting ports to input mode

P4s—P47, P5-P10 —A/N\/\,—
STO
ST1 [
BLE Left open
BHE —
ALE —
z "
2 Xoutr —— Left open
~
N Vee
=
HOLD
RDY
AVce f————
CNVss
AVss
Vrer
77~ Vss

0 CNVss pin can be connected to Vcc pin.

e When setting ports to output mode

P43-P47, P5-P10 —L eft open
STO
STl
BLE ™ Left open
BHE —
ALE —
[LEN
Xour —— Left open

TCLLEN

% )<
3

HOLD
RDY
AVce

CNVss'
AVss

Vrer

717~ Vss

Fig. 2 Examples of handling unused pins
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Addressing modes
Symbol Functions Details IMP | IMM A DIR | DIR,b | DIRX | DIR,Y | (DIR) |(DIR,X)
op| nf#|op[n|#|op[ n|#|op[n|#|op[n|#|op[n|#|op|n|#|op|n|#]|op|n|#
ADC Acc,C — Acc+M+C Adds the carry, the accumulator and the memory 69(2|2 654 |2 75|52 7216(2|61(7|2
(Notes 1,2) contents.The result is entered into the accumulator. When
the D flag is “0,” binary additions is done, and when the 42043 42063 421713 4218(3]42(9(3
D flag is “1,” decimal addition is done. 69 65 75 72 61
AND Acc « AccM Obtains the logical product of the contents of the accumu- 29|22 25|42 35(5|2 3216|2|21|7| 2
(Notes 1,2) lator and the contents of the memory . The result is en-
tered into the accumulator. 204]3 42063 21713 42181314219| 3
29 25 35 32 21
ASL Shifts the accumulator or the memory contents one bit to 0A| 2| 1]06| 7|2 16(7(2
(Note 1) the left. “0” is entered into bit 0 of the accumulator or the
memory. The contents of bit 15 ( bit 7 when the m flag is
“1") of the accumulator or memory before shift is entered 2042
into the C flag. 0A
BBC Mb=0? Tests the specified bit of the memory. Branches when all
(Notes 3,5) the contents of the specified bit is “0.”
BBS Mb=1? Tests the specified bit of the memory. Branches when all
(Notes 3,5) the contents of the specified bit is “1.”
BCC C=0? Branches when the contents of the C flag is “0.”
(Note 3)
BCS Cc=17? Branches when the contents of the C flag is “1.”
(Note 3)
BEQ z=1? Branches when the contents of the Z flag is “1.”
(Note 3)
BMI N=1? Branches when the contents of the N flag is “1.”
(Note 3)
BNE Z=0? Branches when the contents of the Z flag is “0.”
(Note 3)
BPL N=0? Branches when the contents of the N flag is “0.”
(Note 3)
BRA PC — PC+offset Jumps to the address indicated by the program counter
(Note 4) PG - PG+1 plus the offset value.
(when carry occurs)
PG ~PG-1
(when borrow occurs)
BRK PC~PC+2 Executes software interruption. 00(15| 2
M(S) - PG
S-Ss-1
M(S) - PCH
S-Ss-1
M(S) - PCL
S-Ss-1
M(S) - PSH
S-Ss-1
M(S) - PSL
S-Ss-1
-1
PCL~ADL
PCH ~ ADH
PG ~ 0016
BVC V=07? Branches when the contents of the V flag is “0.”
(Note 3)
BVS v=1? Branches when the contents of the V flag is “1.”
(Note 3)
CLB Mb -0 Makes the contents of the specified bit in the memory “0.” 14( 8|3
(Note 5)
CLC C-0 Makes the contents of the C flag “0.” 18|21
CLI 1-0 Makes the contents of the | flag “0.” 58(2(1
CLM m<0 Makes the contents of the m flag “0.” D8l2|1
CLP PSb-0 Specifies the bit position in the processor status register C2(4|2
by the bit pattern of the second byte in the instruction, and
sets “0” in that bit.
CLv V-0 Makes the contents of the V flag “0.” B8| 2|1
CMP Acc—M Compares the contents of the accumulator with the con- C9[2(2 C5(4 |2 D5(5(2 D2|6|2|C1|7| 2
(Notes 1,2) tents of the memory.
42|4|3 42| 6|3 421713 42(8(3142|9(3
C9, C5 D5 D2 Cl
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Addressing modes Processor status register
L(DIR) |L(DIR),Y| ABS | ABS,b|ABS X |ABS,Y| ABL | ABL,X | (ABS)|L(ABS)|(ABS,X)| STK | REL |DIRbR|ABSHR| SR |(SR),Y| BLK 10|9|87 6|5(4(3|2|1|0
op|n(#lop|nf#|opnf#fop(n|#]|op[n|#|op[n|#|op|n|#|op|n|#][op| n|#|op|n|#|op|n|#fop| n|#|op|n|#|op|n|#|op|n|#|op|n|#|op|n|#|op[n|#| IPL |N|V|m|[x|D|I|Z|C
67(10|2|77|11|2|6D[4|3 7D| 6|3|79|6|3|6F|6 |4 |7F|7 |4 63|5(2|73(8(2 efef[e|N|V[e|e|]*|Z|C
42(12(3]|42|13(3|42(6|4 4218 |4142|8|4142(8|5|42|9(5 4217]3]42|10/3
67 7 6D D 79 6F F 63 73
27(10{2|37| 11 2|2D (4|3 3D(6[3]39(6|3|2F|6(4|3F|7 |4 23|5]2|33|8|2 efef[e|N| || f[]|*[Z]"
42112|3|42(13|3|42|6(4 4218|4|42|18|4|42|8|5]42(9]|5 421 7(3|42(10[3
27 37 2D 3D 39 2F 3F 23 33
0E|7|3 1E( 8|3 ele|*|Nfe]s|]*]*]|Z|C
34|714|3c|8|5 o|o|e|o|o|e]|o|e|e]efe
24|714 |2c|8]|5 o e|e| of of ofefofe]e]e
90(4 |2 olo|o| of ofo|o]|ofe]efe
BO|4 | 2
Fol4|2
304 |2
DO(4 |2 ofofof ofe| o] o|o]e]|efe
10|42
80|4]| 2 olefo|efo]o|ofe]e]|e]e
82143
50(4 |2
70|42 olof|o|o|o|e]|o|e]|o]efe
iclo|4
el|e|e| ofo]| e]|e|e]efe]|O
olo|o|e|o]|e|e|e]|Ofe]e
of|o|e|e| o] O o]|o]e]efe
e |+ |*| Specified flag be-
comes “0.”
olo|e|o|O|e|o]e]e]e]e
C7|10|2|D7|11)2|CD|4| 3 DD| 6 (3|D9|6|3|CF|6 (4 |DF|7|4 C3|5(2|D3(8|2 efefe[N|f[]|*|*|Z]|C
42(12(3]|42|13[ 3|42 (6| 4] 4218 |4|42|18|4|42|8|5]42(9|5 42(7|3]42|10 3
C7 D7 CD DD D9 CF DF C3 D3
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Addressing modes

Symbol Functions Details IMP | IMM A DIR | DIR,b | DIR,X | DIRY | (DIR) | (DIRX)

op|n(#|OPIN{#[OPN|H#|OP|Nn|[#|OP[n|#|OPN|#|OP|N|#|OP|n|#|oP|N|#

CPX X-M Compares the contents of the index register X with the EO0| 2| 2] E4(4|2
(Note 2) contents of the memory.
CPY Y-M Compares the contents of the index register Y with the co|2|2 C4|4|2
(Note 2) contents of the memory.
DEC Acc —Acc-1 or Decrements the contents of the accumlator or memory by 1A 2| 1|C6[7 |2 D6(7|2
(Note 1) M-M-1 1.
421412
1A
DEX XeX-1 Decrements the contents of the index register X by 1. CAl2|1
DEY Y-Y-1 Decrements the contents of the index register Y by 1. 8821
DIV A(quotient) - B,A/M | The numeral that places the contents of accumlator B to the higher 89/27|3 89129(3 89(30(3 89(31) 38932 3
(Notes 2,10) | B(remainder) order and the contents of accumulator A to the lower order is divided 29 25 35 32 21

by the contents of the memory. The quotient is entered into accumula-
tor A and the remainder into accumulator B.

EOR Acc — AccEM Logical exclusive sum is obtained of the contents of the 491 2|2 451412 55(5(2 52| 6|2|41|7|2
(Notes 1,2) accumulator and the contents of the memory. The result is

placed into the accumulator.

42413 4216|3 42(7|3 42| 8(3142|9|3
49 45 55 52 41
INC Acc — Acc+1 or Increments the contents of the accumulator or memory by 3A|2|1|E6(7|2 F6| 7(2
(Note 1) M M+1 1.
12(4]2
3A
INX X X+1 Increments the contents of the index register X by 1. E8|2(1
INY Y-Y+1 Increments the contents of the index register Y by 1. C8[ 2|1
JMP ABS Places a new address into the program counter and jumps
PCL~ADL to that new address.
PCH — ADH
ABL
PCL~ADL
PCH ~ ADH
PG ~ADc
(ABS)

PCL (ADH, ADL)
PCH — (ADH,ADL+1)

L(ABS)

PCL (ADH, ADL)
PCH—(ADH, ADL+1)
PG — (ADH, ADL+2)

(ABS, X)

PCL. (ADH, ADL+X)

PCH — (ADH, ADL+X
+1)

JSR ABS Saves the contents of the program counter (also the con-
M(S) - PCH tents of the program bank register for ABL) into the stack,
S-S-1 and jumps to the new address.

M(S) - PCL
S-S-1
PCL~ADL
PCH ~ ADH

ABL

M(S) - PG
S-Ss-1
M(S) - PCH
S-Ss-1
M(S) - PCL
S-Ss-1
PCL-~ADL
PCH — ADH
PG ~ADc

(ABS, X)

M(S) — PCh

S-S-1

M(S) — PCL

S-S-1

PCL. (ADH, ADL+X)

PCH — (ADH, ADL+X
+1)
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Addressing modes Processor status register

L(DIR)|L(DIR).Y| ABS | ABS,b|ABS X |ABS,Y| ABL | ABLX | (ABS)[L(ABS)|(ABS,X)| STK | REL |DIRbR|ABSHR| SR |(SR).Y| BLK 10|9|8 7|6| 5|a|3]|2[1]0

op|n(#lop|n|#|op| nl#fopn|#|op|n [z |op[n[#|op|n|#|op|n|#|op|n|#|op n|#|op|n|#]|op[n|#|op|n|#|oP|n|#|op|[n|#|op|n|#|op|n|#|op[n|#]| IPL |N|V[m|x|D|IfZ|C
EC| 4|3 ofe|e|N|e]| o| ||| ZlC
CC|4 |3 o|e|e|N|e] o| ||| Z|lC
CE[7]|3 DE| 8(3 efo|e|N|efe|e|le]|e|z]e

89(35|3| 89(36| 3| 89|29| 4 89(31| 4 |89|31] 4 [ 89]31| 5| 89| 32 5 89 (30| 389 [33[ 3 el feIN[V]e|e|+]+]2|C
27 37 20 3D 39 2F 3A 23 33
47(10(2|57|11)2|4D|4 |3 5D| 6 |3|59( 6|3 |4F| 6|4 |5F| 7|4 435 |2]53|8|2 olo|o[N[e] o] ] |e|z]*
42|12(3]42|13|3] 42| 6|4 42| 8|4 |a2| 8|4 |42|8|5]42| 9|5 42(7|3|42|10] 3
47 57 4D 5D, 59 4F 5F 43 53

EE|7(3 FE|8 |3 elefoIN[ ] e|e]e]]2]"

4C|2(3 5C|4 |4 6C(4 (3|DC|8[3|7C|6 |3 ofo| o ofof of o ofe]|e]e

20(6|3 22|18|4 FC|8(3 oo o] o of o of ofef ]
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Addressing modes
Symbol Functions Details IMP IMM A DIR | DIR,b | DIR,X | DIR,Y | (DIR) |(DIR,X)
opln|#|oP| n|#|OP|n|#]|OP| n|#]|OP| n|#|OP|n|[#H|OP|n|#|OP|n|#|oPIn|H#
LDA Acc M Enters the contents of the memory into the accummulator. A9| 2|2 A5|4 |2 B5(5|2 B2|6|2|A1| 7|2
(Notes 1,2)
4214 |3 42|16|3 42(7(3 42| 8|3142|9(3
A9 A5 B5 B2 Al
LDM M« IMM Enters the immediate vaiue into the memory. 6414 |3 7415(3
(Note 5)
LDT DT —IMM Enters the immediate value into the data bank regiater. 89|5(3
c2
LDX XeM Enters the contents of the memory into index register X. A2|2 (2 A6|4 |2 B6(5|2
(Note 2)
LDY Y-M Enters the contents of the memory into index register Y. A0| 2|2 Adl4|2 B4(5(2
(Note 2)
LSR Shifts the contents of the accumulator or the contents of 4A12|1]46|7 (2 56|72
(Note 1) the memory one bit to the right. The bit 0 of the accumu-
lator or the memory is entered into the C flag. “0” is en-
tered into bit 15 (bit 7 when the m flag is “1.”) 42142
4A
MPY Multiplies the contents of accumulator A and the contents of the memory. 89(16 |3 89(18| 3 89 (19(3 89(20| 318921 3
(Notes 2,11) The higher order of the result of operation are entered into accumulator 09 05 15 12 01]
B, and the lower order into accumulator A.
MVN Mn+i - Mm+i Transmits the data block. The transmission is done from
(Note 8) the lower order address of the block.
MvP Mn—i - Mm-i Transmits the data block. Transmission is done form the
(Note 9) higher order address of the data block.
NOP PC - PC+1 Advances the program counter, but pertorms nothing else. |EA| 2| 1
ORA Acc « AccVM Logical sum per bit of the contents of the accumulator and 09| 2| 2] 05(4 |2 15(5|2 12| 6(2]01{7|2
(Notes 1,2) the contents of the memory is obtained. The result is en-
tered into the accumulator. 2023 e 21703 2l8l3la2lols
09 05 15 12 01
PEA M(S) — IMM2 The 3rd and the 2nd bytes of the instruction are saved into
S-Ss-1 the stack, in this order.
M(S) —~ IMM1
S-Ss-1
PEI M(S) — M((DPR)+IMM Specifies 2 sequential bytes in the direct page in the 2nd
+1) byte of the instruction, and saves the contents into the
S-S-1 stack.
M(S)  M((DPR)+IMM)
S-S-1
PER EAR —~ PC+IMM2,IMM: | Regards the 2nd and 3rd bytes of the instruction as 16-bit
M(S) - EARH numerals, adds them to the program counter, and saves
S-S-1 the result into the stack.
M(S) - EARL
S-S-1
PHA m=0 Saves the contents of accumulator A into the stack.
M(S) - A
S-Ss-1
M(S) - AL
S-Ss-1
m=1
M(S) - AL
S-Ss-1
PHB m=0 Saves the contents of accumuator B into the stack.
M(S) - BH
S-Ss-1
M(S) - BL
S-Ss-1
m=1
M(S) - BL
S-Ss-1
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Addressing modes Processor status register

L(DIR)|L(DIR).Y] ABS |ABS.b|ABSX|ABS,Y| ABL |ABLX |(ABS)[L(aBS)|(ABS,X)| STK | REL |DIRbR|ABSHR| SR |(SR).Y| BLK 1o|9|s 76| 5|4|3]|2|1]|0

op| nf#lop| n|#|op|n|#[op| nf#|opn|#|op|n|#|op|n|#|op| n|#|op|n|#|op|n|#]|op|n|#|op|n|#|op|n|#|oP[n|#]|op|n|#|op[n|#]op[n|#|op|n|#| IPL |[N|V|m|x|D|I|Z|C
A7|10|2|B7|11 2|AD| 4 (3 BD| 6| 3|B9| 6|3 |AF|6 |4 |BF|7 |4 A3(5|2|B3|8|2 ofee[Nfefe|efe||Z] "
42(12(3|42|13| 3|42|6 |4 42|8|4l42|8(4|42|8|5(42( 9|5 42| 7|3|42|10({3
A7 B7 AD BD B9 AF BF A3 B3
9C(5(4 9E|6(4 e|o|efe|ofe]|ofe]efefe
AE| 43 BE| 6|3 olelo|Nlele]|e]elelz]e
AC| 4|3 BC(6|3 efe|o|N|ofo|e]|e]e]|Z]e
4E|7(3 5E(8(3 ele]elofe]ele]e]e|lzlc
89(24(389|25/ 3| 89|18|4 8920/ 4]89(20|4 |89/20| 5 |89|21(5 89(19(3]89(22|3 efe[e[N|e|[|*][Z]O
07 17 0D 1D 19 OF 1F 03 13
5473 e |efofo]e|e|e]efe]e]e
+

+
- 07

07)10{2|17(11{ 2|0D| 4|3 1D[ 6| 3|19(6|3|OF|6 |4 |1F|7 |4 03|5(2|13|8|2 oo o[N|ef[e[e]]*]|Z|

42112 3|42(13[3)42(6 |4 42| 8| 4|42|18(4142|18|5(|42(9(5 42(7(3|42(10|3

07 17 0D 1D 19 OF 1F 03 13
F4|5|3 ofe|of ofof | o|e]e]|e]"
D4|6|2 o ofo]o] o] o] o]efe]s
62|5(3 o ofe|e| o] ofo]|o|e]e]e
48|41 elofo]ofo|ofofofe]e]e
42062 olo|of o] o] o] e]e]efe]e
48
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Symbol Functions

Details

Addressing modes

IMP

IMM

DIR

DIR,b

DIR,X

DIR,Y

(DIR) | (DIR,X)

opin

op

op

n(#

opln

#| op

n|#

#|op| n|#

PHD M(S) — DPRH
S.-S-1
M(S) — DPRL
S.S-1

Saves the contents of the direct page register into the
stack.

PHG M(S) - PG
S.-S-1

Saves the contents of the program bank register into the
stack.

PHP M(S) — PSH
S.-S-1
M(S) - PSL
S.-S-1

Saves the contents of the program status register into the
stack.

PHT M(S) DT
S.s-1

Saves the contents of the data bank register into the stack.

PHX X=0
M(S) — X
S.-S-1
M(S) — XL
S.-S-1

x=1
M(S) — XL
S-S-1

Saves the contents of the index register X into the stack.

PHY X=0
M(S) Y
S.-S-1
M(S) - YL
S.-S-1

x=1
M(S) — YL
S-S-1

Saves the contents of the index register Y into the stack.

PLA m=0
S-S+l
AL—M(S)
S-S+l
AH—M(S)

m=1
S-S+l
AL—M(S)

Restores the contents of the stack on the accumulator A.

PLB m=0
S-S+l
BL—M(S)
S-S+l
BH—M(S)

m=1
S-S+l
BL—M(S)

Restores the contents of the stack on the accumulator B.

PLD S~S+1
DPRL  M(S)
S-S+1
DPRH  M(S)

Restores the contents of the stack on the direct page reg-
ister.

PLP S-S+1
PSL—M(S)
S-S+l
PSHM(S)

Restores the contents of the stack on the processor status
register.

PLT S.s+1
DT —M(S)

Restores the contents of the stack on the data bank reg-
ister.

PLX x=0
S-S+1
XL M(S)
S-S+1
XH < M(S)

x=1
S~S+1
XL M(S)

Restores the contents of the stack on the index register X.
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Addressing modes Processor status register
L(DIR) |L(DIR),Y| ABS | ABS,b| ABS,X|ABS,Y| ABL | ABL,X | (ABS) |L(ABS)|(ABS,X)] STK REL |DIRbR|ABSHR| SR [(SR),Y | BLK 10|9|8 716|5(4|3|2|1|0
op [ n [# |op[n | #|op |n[# |op [n|#|op|n |#|op|n|#|op|n|# |op[n|# |op| n[#|op|n|#]|op[n|# |op|n |# |op|n [# [op|n|# |op[n|#|op|n|# fop[n|# Jor|n[#| IPL |N|V|m|x|D|I|Z|C
0B| 4| 1 o|ofef|ofo]o|e|o|e]e]e
4B| 3|1 o|ofef|ofo]o|e|o|e]e]e
os| 4| 1 efefefofofe]e]e]e]e]e
sB| 3| 1 ofo|ofefe]o|o|efe|e]e
DAl 4| 1 o|ofef|ofo]oe|e|o|e]e]e
5A| 4| 1 o|ofef|ofo]o|e|o|e]e]e
68/ 5] 1 ofe|o N[ o] e|o|e|e|z]~
42071 2 ofe|o N[ o] eflofe|e|z]~
68
2B( 5| 1 o|ofef|ofo]o|e|o|e]e]e
28|61 Value saved in stack.
AB| 6| 1 elelo|N| o] ofo]elelz]e
FA[ 5|1 elelo|N] o] ofele]e]z]e
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Addressing modes

Symbol Functions Details IMP | IMM A DIR | DIR,b | DIR,X | DIR,Y | (DIR) | (DIRX) |(DIR).Y

opfnf# o[ n|#|op|n|#|OP[n|# |oP[ n[#|oP[n{#|oP|n{#|OoP|n|#]|opfn|#|opn|#

PLY x=0 Restores the contents of the stack on the index register Y.
S-S+1
YL M(S)
S-S+1
YH < M(S)

x=1
S~S+1
YL M(S)

PSH M(S)-A, B, X:--- Saves the registers among accumulator, index register, direct
(Note 6) page register, data bank register, program bank register,
or processor status register, specified by the bit pattern of
the second byte of the instruction into the stack.

PUL A, B, X---«M(S) Restores the contents of the stack to the registers among
(Note 7) accumulator, index register, direct page register, data bank
register, or processor status register, specified by the bit
pattern of the second byte of the instruction.

RLA m=0 Rotates the contents of the accumulator A, n bits to the 89|6|3
(Note 13) n bit rotate left left. 49|+

m=1
n bit rotate left

ROL Links the accumulator or the memory to C flag, and rotates 2A(2(1|26(7| 2 36|7(2
(Note 1) result to the left by 1 bit.
42|4|2
2A
ROR Links the accumulator or the memory to C flag, and rotates 6A(2[1]66(7 (2 76| 7|2
(Note 1) result to the right by 1 bit.
42|4(2
6A
RTI S-S+1 Returns from the interruption routine. 40 (111
PSL—M(S)
S~S+1
PSH.—M(S)
S~S+1
PCL—M(S)
S~S+1
PCH . M(S)
S~S+1
PG —M(S)
RTL S-S+l Returns from the subroutine. The contents of the program |6B (8|1
PCL~M(S) bank register are also restored.
S~S+1
PCH . M(S)
S~S+1
PG« M(S)
RTS S—S+1 Returns from the subroutine. The contents of the program |60 (5|1
PCL-M(S) bank register are not restored.
S-S+1
PCH~M(S)
SBC Acc, CAcc-M-C | Subtracts the contents of the memory and the borrow from E9 2|2 E5(4| 2 F5(5|2 F2(6[2|EY 7|2 |FY8 |2
(Notes 1,2) the contents of the accumulator.
42|4|3 4216 3 42173 42 |8 3 |42(9 |3 |42/10[3
E9) E5 F5 F2 Ell F1
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Addressing modes Processor status register
L(DIR) |L(DIR),Y| ABS | ABS,b| ABS,X|ABS,Y| ABL | ABL,X | (ABS) |L(ABS)|(ABS,X)] STK | REL |[DIRbR|ABS,bR| SR |(SR),Y | BLK 10|9|8 716|5(4(3|2|1|0
op [ n |# [op[n [# |op |n (# |op # |op # |op #|op|n(# fop|n|# [op[n|#|op|n|#|op|n|# |op[n|# fop| n|# |op|n|# fop[n|#|op|n|#fop|n|#[op|n|[#]| IPL [N|V|m]|x|D|!|Z|C
7A| 5] 1 ol oo |N| | ofe|e]|e]Z]e
EBl_EZ ofo|ofofo]o]e|ofo]e]e
2ir+i2
FB(14| 2 If restored the contents of
3i +4. PS, it becomes its value.
Itz And the other cases are no
change.
2E[7 (3 3E 3 efe|e[N[ee|*|]*]|Z|C
6E[7 |3 7E|18 |3 e|e|o[N| ] ||*|*|Z|C
Value saved in stack.
E7(10| 2|F7|11 2|ED|4 | 3 FD| 6 F9|6 EF|6 | 4|FF|7 (4 E3(5| 2|F38| 2 el el [N[V[e]|e]|*]|"|Z]|C]
42[12| 314213 3|42|6 |4 42|18 42|18 42|18 |5)42(9|5 42 (7 | 3 |42(10| 3
E7 F7 ED| FD| F9 EF| FF E3 F3
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Addressing modes

Symbol Functions Details MP | MM | A DIR | DIR,b | DIRX | DIR,Y | (DIR) | IR X) [(DIR).Y

oplnf#|oP n|#|OP|n|H#|OPIN[# |OP[ n[#|OPf n|#|OP| Nnf#|OP|nf#]|OPfn|#]|opln|#

SEB Mb~1 Makes the contents of the specified bit in the memory “1.” 04|83
(Note 5)

SEC C-1 Makes the contents of the C flag “1.” 38|2(1

SEI l-1 Makes the contents of the | flag “1.” 78|2(1

SEM mel Makes the contents of the m flag “1.” F8|2|1

SEP PSb-1 Set the specified bit of the processor status register's lower E23|2

byte (PS.) to “1.”

STA M —Acc Stores the contents of the accumulator into the memory. 85|42 95|5|2 92|7|2|81| 7|2 |97 |2
(Note 1)
42163 42(7|3 42193 [42|9 (3 |429 |3
85 95 92 81 91
STP Stops the oscillation of the oscillator. DB|3|1
STX MX Stores the contents of the index register X into the memory. 86|42 96 (5(2
STY M<Y Stores the contents of the index register Y into the memory. 84(4|2 94(5|2
TAD DPR-A Transmits the contents of the accumulator A to the direct |5B|2|1

page register.

TAS S-A Transmits the contents of the accumulator A to the stack pointer. 1B|2|1

TAX XA Transmits the contents of the accumulator A to the index |AA[2|1
register X.

TAY YA Transmits the contents of the accumulator A to the index |A8|2|1
register Y.

TBD DPR ~B Transmits the contents of the accumulator B to the direct |42 |42
page register. 5B

TBS S-B Transmits the contents of the accumulator B to the stack [42|4|2
pointer. 1B

TBX X-B Transmits the contents of the accumulator B to the index |42 |42
register X. AA

TBY Y-B Transmits the contents of the accumulator B to the index |42 |42
register Y. A8

TDA A-DPR Transmits the contents of the direct page register to the |7B[2[1
accumulator A.

TDB B.DPR Transmits the contents of the direct page register to the |42 |42
accumulator B. 7B

TSA A-S Transmits the contents of the stack pointer to the accumulator A. 3B|2(1

TSB B-S Transmits the contents of the stack pointer to the accu- |42 (4|2
mulator B. 3B

TSX XS Transmits the contents of the stack pointer to the index |BA[2|1
register X.

TXA A-X Transmits the contents of the index register X to the ac- [8A[2|1
cumulator A.

TXB B~X Transmits the contents of the index register X to the ac- |42 4|2
cumulator B. 8A

TXS SX Transmits the contents of the index register X to the stack [9A|2|1
pointer.

TXY Y -X Transmits the contents of the index register X to the index |9B|2|1
register Y.

TYA A-Y Transmits the contents of the index register Y to the ac- |98|2(1
cumulator A.

TYB B-Y Transmits the contents of the index register Y to the ac- |42 |42
cumulator B. 98

TYX XY Transmits the contents of the index register Y to the index |BB|2|1
register X.

WIT Stops the internal clock. CB|3|1

XAB A< B Exchanges the contents of the accumulator A and the con- |89 (6|2
tents of the accumulator B. 28

17-52 7721 Group User’s Manual



APPENDIX

Appendix 6. Machine instructions

Addressing modes Processor status register

L(DIR) |L(DIR),Y| ABS | ABS,b| ABS,X|ABS,Y| ABL | ABL,X | (ABS) |L(ABS)|(ABS,X)] STK REL |DIRb,R|ABSb,R| SR [(SR),Y | BLK 10|9|8 716|5(4(3(2|1(0

op | n [# [op|n| #]op [n [# |op [n|#|op|n [# |op|n|#|op |n[# |op|n|# |op| n|#|op|n|#|op|n|# fop[n |# fopn |# [op|n|# |op[n|#|op|n|# |op|n|# Jop|n|#| IPL [N[V|m]|x|[D|I|Z|C

oc|9o|4

agn
87(10(2 |97|11|2 [8BD[5|3 9D(5 (3 99|5|3 |8F (6|4 |9F| 7|4 83(5(2 [938(2 L3 K3 KN RN KN KN KN K3 RN EN
42 (12| 3 |42]13|3 |42 (7 |4 42|17 |4 |42(7 (442|185 |42(9|5 42(7)3 [42/10|3
87 97 8D 9D 99 8F 9F 83 93|
8E (5 (3 ofofofofe]e]o|ofo]e]e
8C[5(3 ofofofofe]e]o|ofo]e]~
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The number of cycles shown in the table is described in the case of the fastest mode for each instruction. The number of cycles shown
in the table is calculated for DPRL=0. The number of cycles in the addressing mode concerning the DPR when DPRL 0 must be
incremented by 1.

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether
the memory read/write address is odd or even. It also differs when the external region memory is accessed by BYTE="H.”

Notes 1. The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator
B.

2. When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments
by 1.

3. The number of cycles increments by 2 when branching.

4. The operation code on the upper row is used for branching in the range of —128 to +127, and the operation code on the
lower row is used for branching in the range of —32768 to +32767.

5. When handling 16-bit data with flag m=0, the byte in the table is incremented by 1.

6.
Type of register A B X Y |DPR| DT | PG | PS
Number of cycles 2 2 2 2 2 1 1 2
The number of cycles corresponding to the register to be pushed are added. The number of cycles when no pushing is done
is 12. i1 indicates the number of registers among A, B, X, Y, DPR, and PS to be saved, while iz indicates the number of
registers among DT and PG to be saved.
7.

Type of register A B X vy |DPR| DT | PS
Number of cycles 3 3 3 3 4 3 3

The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done
is 14. i1 indicates the number of registers among A, B, X, Y, DT, and PS to be restored, while i2=1 when DPR is to be
restored.

8. The number of cycles is the case when the number of bytes to be transferred is even.
When the number of bytes to be transferred is odd, the number is calculated as;

7+ (12 07+4
Note that, (i/2) shows the integer part when i is divided by 2.

9. The number of cycles is the case when the number of bytes to be transferred is even.
When the number of bytes to be transferred is odd, the number is calculated as;

9+ (l2)0D7+5
Note that, (i/2) shows the integer part when i is divided by 2.

10. The number of cycles is the case in the 16-bit + 8-bit operation. The number of cycles is incremented by 16 for 32-bit + 16-
bit operation.

11. The number of cycles is the case in the 8-bit O 8-bit operation. The number of cycles is incremented by 8 for 16-bit O 16-
bit operation.

12. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments
by 1.

13. When flag m is 0, the byte in the table is incremented by 1.
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Symbols in machine instructions table

Symbol Description Symbol Description
IMP Implied addressing mode H Exclusive OR
IMM Immediate addressing mode - Negation
A Accumulator addressing mode - Movement to the arrow direction
DIR Direct addressing mode Acc Accumulator
DIR, b Direct bit addressing mode AccH Accumulator’'s upper 8 bits
DIR, X Direct indexed X addressing mode AccL Accumulator’s lower 8 bits
DIR, Y Direct indexed Y addressing mode A Accumulator A
(DIR) Direct indirect addressing mode AH Accumulator A’s upper 8 bits
(DIR,X) Direct indexed X indirect addressing mode AL Accumulator A's lower 8 bits
(DIR), Y |Direct indirect indexed Y addressing mode B Accumulator B
L (DIR) Direct indirect long addressing mode BH Accumulator B’s upper 8 bits
L (DIR),Y |Direct indirect long indexed Y addressing mode BL Accumulator B’s lower 8 bits
ABS Absolute addressing mode X Index register X
ABS, b Absolute bit addressing mode XH Index register X's upper 8 bits
ABS, X Absolute indexed X addressing mode XL Index register X’s lower 8 bits
ABS, Y Absolute indexed Y addressing mode Y Index register Y
ABL Absolute long addressing mode YH Index register Y's upper 8 bits
ABL, X Absolute long indexed X addressing mode YL Index register Y’s lower 8 bits
(ABS) Absolute indirect addressing mode S Stack pointer
L (ABS) Absolute indirect long addressing mode PC Program counter
(ABS, X) |Absolute indexed X indirect addressing mode PCH Program counter’'s upper 8 bits
STK Stack addressing mode PCL Program counter’'s lower 8 bits
REL Relative addressing mode PG Program bank register
DIR, b, REL |Direct bit relative addressing mode DT Data bank register
ABS, b, REL | Absolute bit relative addressing mode DPR Direct page register
SR Stack pointer relative addressing mode DPRH Direct page register’'s upper 8 bits
(SR), Y Stack pointer relative indirect indexed Y DPRL Direct page register’'s lower 8 bits
addressing mode PS Processor status register
BLK Block transfer addressing mode PSH Processor status register's upper 8 bits
C Carry flag PSL Processor status register’'s lower 8 bits
4 Zero flag PSb Processor status register’s b-th bit
| Interrupt disable flag M(S) Contents of memory at address indicated by
D Decimal operation mode flag stack pointer
X Index register length selection flag Mb b-th memory location
m Data length selection flag ADc Value of 24-bit address’s upper 8-bit (A23—Atse)
\ Overflow flag ADH Value of 24-bit address’s middle 8-bit (A1s—As)
N Negative flag ADL Value of 24-bit address’s lower 8-bit (A7—Ao)
IPL Processor interrupt priority level op Operation code
+ Addition n Number of cycle
- Subtraction # Number of byte
O Multiplication i Number of transfer byte or rotation
/ Division i1, i2 Number of registers pushed or pulled
U Logical AND
U Logical OR
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Appendix 7. Hexadecimal instruction code table

INSTRUCTION CODE TABLE-1

Ds-Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D7-D4 notation 0 1 2 3 4 5 6 7 8 9 A B C D E F

ORA ORA | SEB | ORA | ASL | ORA ORA | ASL SEB | ORA | ASL | ORA

0000 0 BRK PHP PHD
A,(DIR,X) ASR [ DIR,b | ADIR| DIR |AL(DIR) A,IMM A ABS,b | AABS| ABS | AABL
ORA | ORA | ORA CLB ORA ASL ORA ORA DEC CLB ORA ASL ORA

0001 1 BPL CLC TAS
A,(DIR),Y| A(DIR) | A(SR),Y| DIR,b | ADIRX | DIR,X AL(DIR), AABS)Y A ABS,b | AABSX| ABS,X | AABLX
JSR AND JSR AND BBS AND ROL AND AND ROL BBS AND ROL AND

0010 2 PLP PLD
ABS |A(DIRX)| ABL | ASR [DIRbR| ADIR| DIR |AL{DIR) AIMM A ABSbR| A, ABS| ABS | AABL
AND | AND | AND BBC AND ROL AND AND INC BBC AND ROL AND

0011 3 BMI SEC TSA
A,(DIR).Y| A(DIR) | A(SR),Y[ DIRbR | ADIRX | DIR,X |AL(DIR), AABS)Y A ABS,b,R| AABS X| ABS,X | AABL,X
EOR EOR EOR | LSR | EOR EOR | LSR JMP | EOR | LSR | EOR

0100 4 RTI Note 1 MVP PHA PHG
A,(DIR,X)| A,SR ADIR | DIR |AL(DIR) A,IMM A ABS | AABS| ABS | A/ABL
EOR | EOR | EOR EOR | LSR | EOR EOR JMP | EOR | LSR | EOR

0101 5 BVC MVN CLI PHY TAD
A,(DIR),Y| A(DIR) | A(SR),Y ADIRX | DIR,X ALDIR), AABS)Y ABL |AABSX| ABS,X | AABLX
ADC ADC LDM ADC ROR | ADC ADC | ROR JMP ADC | ROR | ADC

0110 6 RTS PER PLA RTL
A,(DIR,X) A,SR DIR | ADIR| DIR |AL(DIR) A,IMM A (ABS) | AAABS| ABS | A/ABL
ADC | ADC | ADC LDM ADC ROR | ADC ADC JMP ADC ROR | ADC

0111 7 BVS SEI PLY TDA
A(DIR)Y A(DIR) | A(SR),Y| DIRX | ADIRX | DIR,X |AL(DIR), AABS,Y (ABS,X) | AABS,X| ABS,X | AABLX
BRA STA BRA STA STY STA STX STA STY STA STX STA

1000 8 DEY | Note 2| TXA PHT
REL |A(DIRX) REL | ASR| DIR | ADIR| DIR |AL(DIR) ABS | AABS| ABS | AABL
STA STA STA STY STA STX STA STA LDM STA LDM STA

1001 9 BCC TYA TXS | TXY
A,(DIR),Y| A(DIR) | A(SR),Y| DIR,X | ADIRX | DIR,Y |AL(DIR), AABS)Y ABS | AABSX| ABS,X | AABLX
LDY | LDA | LDX | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1010 A TAY TAX PLT
IMM |A(DIRX) IMM | ASR DIR | ADIR| DIR |AL(DIR) A,IMM ABS | AABS| ABS | A/ABL
LDA LDA LDA LDY LDA LDX LDA LDA LDY LDA LDX LDA

1011 B BCS CLvV TSX TYX
A,(DIR),Y| A(DIR) | A(SR),Y| DIR,X | ADIRX | DIR,Y |AL(DIR)Y| AABS)Y ABS,X | AABS X| ABS,Y | AABLX
CPY CMP CLP CMP | CPY CMP DEC | CMP CMP CPY | CMP DEC | CMP

1100 C INY DEX WIT
IMM |A(DIRX) IMM | ASR DIR | ADIR| DIR |AL(DIR) A,IMM ABS | AABS| ABS | A/ABL
CMP | CMP | CMP CMP | DEC | CMP CMP JMP CMP DEC | CMP

1101 D BNE PEI CLM PHX STP
A(DIR),Y A(DIR) | A(SR),Y ADIRX | DIR,X |AL(DIR), AABSY L(ABS)|AABS,X| ABS,X | AABLX
CPX | SBC | SEP | SBC | CPX | SBC INC | SBC SBC CPX | SBC | INC | SBC

1110 E INX NOP PSH
IMM |A(DIRX) IMM | ASR DIR | ADIR| DIR |AL(DIR) A,IMM ABS | AABS| ABS | A/ABL
SBC | SBC | SBC SBC INC | SBC SBC JSR | SBC | INC | SBC

1111 F BEQ PEA SEM PLX | PUL
ADIR),Y| A(DIR) | A(SR),Y ADIRX | DIR,X |AL(DIR), AABS,Y (ABS,X) | AABS X| ABS,X | AABLX

Notes 1: 4216 specifies the contents of the INSTRUCTION CODE TABLE-2.

About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2.

2: 8916 specifies the contents of the INSTRUCTION CODE TABLE-3.

About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2.
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INSTRUCTION CODE TABLE-2 (The first word’s code of each instruction is 4216)

D3-Do [ 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 [ 1000 | 1001 | 1010 | 1011 [ 1100 | 1101 | 1110 | 1111
D7-D. Hexadecimal

7-D4 notation 0 1 2 3 4 5 6 7 8 9 A B C D E F

ORA ORA ORA ORA ORA | ASL ORA ORA
0000 0

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL

ORA | ORA | ORA ORA ORA ORA | DEC ORA ORA
0001 1 TBS

B,(DIR),Y| B,(DIR) |B,(SR),Y B,DIR,X BL(DIR).Y| BABSY B B,ABS,X B,ABL X

AND AND AND AND AND | ROL AND AND
0010 2

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL

AND | AND | AND AND AND AND | INC AND AND
0011 3 TSB

B,(DIR),Y| B,(DIR) | B,(SR),Y B,DIR,X B,L(DIR),Y| B,ABSY B B,ABS X B,ABL X

EOR EOR EOR EOR EOR | LSR EOR EOR
0100 4 PHB

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL

EOR | EOR | EOR EOR EOR EOR EOR EOR
0101 5 TBD

B,(DIR),Y| B,(DIR) |B,(SR),Y B,DIR,X B.L(DIR),Y| B,ABS,Y B,ABS X B,ABL,X

ADC ADC ADC ADC ADC | ROR ADC ADC
0110 6 PLB

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL

ADC | ADC | ADC ADC ADC ADC ADC ADC
0111 7 TDB

B,(DIR),Y| B,(DIR) |B,(SR),Y B,DIR,X B,L(DIR),Y| B,ABS,Y B,ABS,X B,ABL,X

STA STA STA STA STA STA
1000 8 TXB

B,(DIR,X) B,SR B,DIR B,L(DIR) B,ABS B,ABL

STA | STA | STA STA STA STA STA STA
1001 9 TYB

B,(DIR),Y| B,(DIR) | B,(SR),Y B,DIR,X B.L(DIR),Y| B,ABS,Y B,ABS,X B,ABL X

LDA LDA LDA LDA LDA LDA LDA
1010 A TBY TBX

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B,ABS B,ABL

LDA | LDA | LDA LDA LDA LDA LDA LDA
1011 B

B,(DIR),Y| B,(DIR) |B,(SR),Y B,DIR,X BL(DIR).Y| B,ABS,Y B,ABS,X B,ABL,X

CMP CMP CMP CMP CMP CMP CMP
1100 C

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B,ABS B,ABL

CMP | CMP | CMP CMP CMP CMP CMP CMP
1101 D

B,(DIR),Y| B,(DIR) |B,(SR),Y B,DIR,X B,L(DIR),Y| B,ABS,Y B,ABS,X B,ABL X

SBC SBC SBC SBC SBC SBC SBC
1110 E

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B,ABS B,ABL

SBC | SBC | SBC SBC SBC SBC SBC SBC
1111 F

B,(DIR),Y| B,(DIR) | B,(SR),Y B,DIR,X B,L(DIR),Y| B,ABS,Y B,ABS,X B,ABL X
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INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 8916)

Ds3-Do| 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D7-Da notation 0 1 2 3 4 5 6 7 8 9 A B Cc D E F
MPY MPY MPY MPY MPY MPY MPY
0000 0
(DIR,X) SR DIR L(DIR) IMM ABS ABL
MPY | MPY | MPY MPY MPY MPY MPY MPY
0001 1
(DIR),Y| (DIR) | (SR),Y DIR,X L(DIR),Y ABS,Y ABS,X ABL,X
DIV DIV DIV DIV DIV DIV DIV
0010 2 XAB
(DIR,X) SR DIR L(DIR) IMM ABS ABL
DIV DIV DIV DIV DIV DIV DIV DIV
0011 3
(DIR),Y| (DIR) | (SR),Y DIR,X L(DIR),Y ABS)Y ABS,X ABL,X
RLA
0100 4
IMM
0101 5
0110 6
0111 7
1000 8
1001 9
1010 A
1011 B
LDT
1100 C
IMM
1101 D
1110 E
1111 F
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Appendix 8. Countermeasure against noise

General countermeasure examples against noise are described below. Although the effect of these
countermeasure depends on each system, refer to the following when an noise-related problem occurs.

1. Short wiring length
The wiring on a printed circuit board may function as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less possibility of noise insertion into the microcomputer.

(1) Wiring for RESET pin
Make the length of wiring connected to the RESET pin as short as possible.
In particular, connect a capacitor between the RESET pin and the Vss pin with the shortest possible
wiring (within 20 mm).

Reason: If noise is input to the RESET pin, the microcomputer restarts operation before the internal
state of the microcomputer is completely initialized. This may cause a program runaway.

Noise M37721 M37721
Reset é / Reset
circuit ¢ RESET circuit L[ |RESET
Vss Vss VSS"T Vss
Not
acceptable Acceptable

Fig. 3 Wiring for RESET pin

(2) Wiring for clock input/output pins
e Make the length of wiring connected to the clock input/output pins as short as possible.
e Make the length of wiring between the grounding lead of the capacitor, which is connected to
the oscillator, and the Vss pin of the microcomputer, as short as possible (within 20 mm).
e Separate the Vss pattern for oscillation from all other Vss patterns. (Refer to “Figure 11.” )

Reason: The microcomputer’'s operation
synchronizes with a clock generated
by the oscillation circuit.

If noise enters clock I/O pins, clock
waveforms may be deformed. This Noise
may cause a malfunction or a
program runaway. M37721 M37721
Also, if the noise causes a potential
difference between the Vss level of
the microcomputer and the Vss level

. L= XIN B XN
of_ an oscillator, the corre_ct clock T XouT X ouT
W.I|| not be input in the Vss Vss
microcomputer. e
Not acceptable Acceptable

Fig. 4 Wiring for clock input/output pins
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(3) Wiring for CNVss pin
Connect CNVss pin to the Vss pin with the shortest possible wiring.

Reason: The processor mode of the
microcomputer is influenced by a
potential at the CNVss pin when

the CNVss pin and the Vcc or Vss M37721 Noise M37721
pin are connected.

If the noise causes a potential i

difference between the CNVss pin CNVss CNVss
and the Vss or Vcc pin, the

processor mode may become Vss Vss
unstable. This may cause a

microcomputer malfunction or a
program runaway.

Not Acceptable Acceptable

When connecting the CNVssand Vcc pins, connect
them in the shortest possible distance, also.

Fig. 5 Wiring for CNVss pin

2. Connection of bypass capacitor between Vss and Vcc lines

Connect an approximate 0.1 uF bypass capacitor as follows:

e Connect a bypass capacitor between the Vss and Vcc pins, at equal lengths.

e The wiring connecting the bypass capacitor between the Vss and Vcc pins should be as short as
possible.

e Use thicker wiring for the Vss and Vcc lines than that for the other signal lines.

Bypass capacitor

Wiring pattern Wiring pattern

i

M37721

Fig. 6 Bypass capacitor between Vss and Vcc lines
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3. Wiring for analog input pins, analog power source pins, etc.

(1) Processing for analog input pins

e Connect a resistor to the analog signal line, which is connected to an analog input pin, in series.
Additionally, connect the resistor to the microcomputer as close as possible.

e Connect a capacitor between the analog input pin and the AVss pin, as close to the AVss pin as

possible.

Reason: A signal which is input to the analog input pin is usually an output signal from a sensor.
The sensor, which detects changes in status, is installed far from the microcomputer’s
printed circuit board. Therefore, this long wiring between them becomes an antenna which
picks up noise and feeds it into the microcomputer’s analog input pin.

If a capacitor between an analog input pin and the AVss pin is grounded far away from the
AVss pin, noise on the GND line may enter the microcomputer through the capacitor.

Noise

«

(Note 2)
Acceptable M37721

RI

2

Thermistor HH

(4

N

l . W\/_T ANi
Acceptable

Not
acceptable -|-

2

747 AVss

Notes 1: Design an external circuit for the ANi pin so that charge/discharge is available within
1 cycle of ¢pAD.
2 : This resistor and thermistor are used to divide resistance.

Reference values
RI : Approximate 100 Q to 1000 Q
Cl : Approximate 100 pF to 1000 pF

Fig. 7 Countermeasure example against noise for analog input pin using thermistor
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(2) Processing for analog power source pins, etc.
e Use independent power sources for the Vcc, AVcc and Vrer pins.
e Insert capacitors between the AVcc and AVss pins, and between the Vrer and AVss pins.

Reasons: Prevents the A-D converter from noise on the Vcc line.

M37721
Reference values

AVcc Cl=> 047 puF

C2 2= 047 pF
VREF

C1 Cc2 ) : .
AVss Note : Cpnnect capacitors using the_
thickest, shortest wiring possible.
ANi J—/\/W/*(sens:or, etc.)

Fig. 8 Processing for analog power source pins, etc.

17-62 7721 Group User’'s Manual



4. Oscillator protection

APPENDIX

Appendix 8. Countermeasure against noise

The oscillator, which generates the basic clock for the microcomputer operations, must be protected from

the affect of other signals.

(1) Distance oscillator from signal lines with large current flows
Install the microcomputer, especially the oscillator, as far as possible from signal lines which handle
currents larger than the microcomputer current value tolerance.

Reason: The microcomputer is used in
systems which contain signal lines
for controlling motors, LEDs,
thermal heads, etc. Noise occurs
due to mutual inductance when a
large current flows through the signal
lines.

, M37721

M

EUMU
(0
E"é—_ XIN
Large H— Xour
current Vss

Mutual inductance

Fig. 9 Wiring for signal lines where large current

flows

(2) Distance oscillator from signal lines with frequent potential level changes
e Install an oscillator and its wiring pattern away from signal lines where potential levels change

frequently.

e Do not cross these signal lines over the clock-related or noise-sensitive signal lines.

Reason: Signal lines with frequently changing
potential levels may affect other
signal lines at a rising or falling edge.
In particular, if the lines cross over
a clock-related signal line, clock
waveforms may be deformed, which
causes a microcomputer malfunction
or a program runaway.

(3) Oscillator protection using Vss pattern
Print a Vss pattern on the bottom (soldering
side) of a double-sided printed circuit board,
under the oscillator mount position.
Connect the Vss pattern to the Vss pin of the
microcomputer with the shortest possible wiring,
separating it from other Vss patterns.

M37721
Do not cross.
O
22— XIN
=
PI +—{ Xout

Vss
Ty

O I/O pin for signal with frequently
changing potential levels

Fig. 10 Wiring for signal lines where potential levels

frequently change

underside of an oscillator.

M37721
Mounted pattern
example of
oscillator unit,
E XIN
71 Xout
Vss

Separate Vss lines for oscillation and supply.

An example of Vss pattern on the

Fig. 11 Vss pattern underneath mounted oscillator

7721 Group User's Manual

17-63



APPENDIX

Appendix 8. Countermeasure against noise

5. Setup for 1/O ports
Setup I/O ports by hardware and software as follows:

<Hardware protection>
e Connect a resistor of 100 Q or more to an I/O port in series.

<Software protection>

e Read the data of an input port several times to confirm that input levels are equal.

e Since the output data may reverse because of noise, rewrite data to the output port’s Pi register
periodically.

e Rewrite data to port Pi direction registers periodically.

Data bus

Direction register
Port latch

Fig. 12 Setup for I/O ports

6. Reinforcement of the power source line
e For the Vss and Vcc lines, use thicker wiring than that of other signal lines.
e When using a multilayer printed circuit board, the Vss and Vcc patterns must each be one of the middle
layers.
e The following is necessary for double-sided printed circuit boards:
*On one side, the microcomputer is installed at the center, and the Vss line is looped or meshed around
it. The vacant area is filled with the Vss line.
*On the opposite side, the Vcc line is wired the same as the Vss line.
*The power source lines of external devices which are connected by bus to the microcomputer must be
connected to the microcomputer's power source lines with the shortest possible wiring.

Reasons: With external devices connected to the microcomputer, the levels of many of the signal lines
(total external address buses: 24 bits) may change simultaneously, causing noise on the power
source line.
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Appendix 9. 7721 Group Q & A

Information which may be helpful in fully utilizing the 7721 Group is provided in Q & A format.

In Q & A, as a rule, one question and its answer are summarized within one page. The upper box on each
page is a question, and a box below the question is its answer. (If a question or an answer extends to two
or more pages, there is a page number at the lower right corner.)

At the upper right corner of each page, the main function related to the contents of description in that page
is listed.
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SFR

Q

Is there any SFR to which a certain instruction cannot be used for writing ?

A

(1) Use the LDM or STA instruction to write to the registers or the bits listed below.
Do not use read-modify-write instructions (i.e., CLB, SEB, ASL, ASR, DEC, INC, LSR,
ROL, and ROR).

Pulse output data register 0, 1 (addresses 1Ais, 1Cis)

UARTO, 1 baud rate register (addresses 3116, 3916)

UARTO, 1 transmit buffer register (addresses 3316, 3216, 3B1s, 3A1s)

Timer A2—-A4 two-phase pulse sighal processing select bit (bits 5—7 at address 441)
Timer A2—-A4 register (addresses 4Ai16—4F1s ; one-shot pulse mode or pulse width
modulation mode)

Refresh timer (address 66:6)

(2) Use the SEB or CLB instruction to write to the following register.

DMAC control register H (address 6916 ; when any of bits 4 to 7 = “1")
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Reset, STP instruction, WIT instruction

Q

Is it possible to distinguish power-on reset from hardware reset for terminating the stop or wait mode
?

A

The contents of the internal RAM is undefined after power-on reset. On the other hand, the contents
of the internal RAM are retained when performing hardware reset in the stop or wait mode with Vcc
=2 V.

Accordingly, write a certain data to the internal RAM before executing STP or WIT instruction, and
judge by checking the contents of the internal RAM after hardware reset.
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Interrupt

Q

If an interrupt request (b) occurs while executing an interrupt routine (a), is it true that the main routine
is not executed at all from when the execution of the interrupt routine (a) is completed until the
execution of the INTACK sequence for the next interrupt (b) starts?

Sequence of -
execution >

RTI instruction

Interrupt routine (a) —> | <€— Main routine —>» | €— INTACK sequence
for interrupt (b)

Conditions:

e | is cleared to “0” by executing the RTI instruction.

e linterrupt priority level of interrupt (b) is higher than IPL of main routine.
e Interrupt priority detection time is 2 cycles of @

A

Sampling for interrupt requests is performed by sampling pulses generated synchronously with the
CPU’s op-code fetch cycles.

(1) If the next interrupt request (b) occurs before sampling pulse @ for the RTI instruction is gener-
ated, the microcomputer executes the INTACK sequence for (b) without executing the main rou-
tine (not even one instruction). It is because that sampling is completed while executing the RTI

instruction.
v Interrupt request (b)
U
Sampling pulse [1

RTI instruction

Interrupt routine (a) —>» | «<— INTACK sequence for interrupt (b)

(2) If the next interrupt request (b) occurs immediately after sampling pulse O is generated, the
microcomputer executes one instruction of the main routine before executing the INTACK
sequence for (b). It is because that the interrupt request is sampled by the next sampling

pulse U. v Interrupt request (b)
N O
Sampling pulse [l [

RTI instruction | One instruction executed

Interrupt routine (a) —>»|<€— Main routine —» | <— INTACK sequence
for interrupt (b)

17-68 7721 Group User’'s Manual



APPENDIX
Appendix 9. 7721 Group Q & A

Interrupt

Q

Suppose that there is a routine which should not accept one certain interrupt request. (The other
interrupt request are acceptable).

Although when the interrupt priority level select bits for the above interrupt are set to “0002,” in other
words, when this interrupt is set to be disabled, this interrupt request is actually accepted immediately
after change of the priority level. Why did this occur and what should | do about it?

Interrupt request is DM #00H, XXXIC ; Writes “0002” to interrupt priority level select bits.

accepted in this > ; Clears interrupt request bit to “0.”

interval LDA A,DATA ; Instruction at the beginning of the routine which
should not accept one certain interrupt request.

A

As for the change of the interrupt priority level, when the following are met, the microcomputer may
pretend to accept an interrupt request immediately after this interrupt is set to be disabled:

*The next instruction (in the above example, it is the LDA instruction) is already stored into a instruc-
tion queue buffer for the BIU.

«Conditions for accepting the instruction which should not be accepted are satisfied immediately
before the next instruction in the instruction queue buffer is executed.

When writing to a memory or an 1/O, the CPU passes the address and data to the BIU. Then, the
CPU executes the next instruction in the instruction queue buffer while the BIU is writing data into
the actual address. Detection of interrupt priority level is performed at the beginning of each instruc-
tion.

In the above case, the CPU executes the next instruction before the BIU completes the change of
the interrupt priority level. Therefore, when the interrupt priority level is detected synchronously with
the execution of the next instruction, the interrupt priority level before the change is detected and its
interrupt request is accepted.

Interrupt request generated

Sequence of execution ) Interrupt I‘equeSt accepted
Interrupt priority detection time <> <> <>
. Previous instruction LDM instruction LDA instruction
CPU Operatlon executed executed executed
BIU operation (Instruction prefetched) Interrupt priority level select bits set

¢

Change of interrupt priority levels
completed

(1/2)
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Interrupt

A

To prevent this problem, after change of the interrupt priority level is completed, use software to
execute the routine that should not accept a certain interrupt request. The following shows a sample
program.

[Sample program]
After an instruction which writes “0002” to the interrupt priority level select bits, fill the instruction
queue buffer with the NOP instruction to make the next instruction not to be executed before the
writing is completed.

LDM #00H, XXXIC ; Sets the interrupt priority level select bits to “0002.”

NOP ;

NOP

NOP

LDA A,DATA ; Instruction at the beginning of the routine that should not accept a certain
: interrupt request

(2/2)
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Interrupt

(1) Which timing of clock @ is the external interrupts (input signals to the INTi pin) detected?
(2) How can four or more external interrupt input pins (INTi) be used?

(1) In both the edge sense and level sense, external interrupt requests occur when the input
signal to the INTi pin changes its level. This is independent of clock @.
In the edge sense, the interrupt request bit is set to “1” at this time.

(2) There are two methods: one uses external interrupt’'s level sense, and the other uses the
timer’'s event counter mode.

O Method using external interrupt’'s level sense
As for hardware, input a logical sum of multiple interrupt signals (e.g., ‘a’, ‘b’, and ‘c’) to the
INTi pin, and input each signal to each corresponding port.
As for software, check the ports’ input levels in the INT: interrupt routine in order to detect
which signal (‘a’, ‘b’, or ‘c’) was input.

M37721

Port

Port
Port

INTI

(gRop]

1N
1/

0 Method using timer’s event counter mode
As for hardware, input interrupt signals to the TAiwn pins or TBin pins.
As for software, set the timer’'s operating mode to the event counter mode. Then, set a value
“000016” into the timer register and select the valid edge.
The timer’'s interrupt request occurs when an interrupt signal (selected valid edge) is input.
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Stack, DRAM

Q

What are there the stack bank select bit (bit 7 at address 5Eis) for?

A

It is supposed that DRAM is used as the stack area.

When connecting DRAM, the stack pointer addressing mode or stack operation instruction etc.
can be used. It is because all of 64 Kbytes can be used as the stack area when bank FFis which
is assigned to DRAM is set as the stack area.

(The internal RAM also functions as the temporary area or the register file which is accessed
frequently because the internal RAM can be accessed with no Wait. Accordingly, it is expected
that the capacity will lack to be used as the stack area. As for the M37721, DRAM area can be
set as the stack area because cheap DRAM can be connected.)

Use bank 0 which is assigned to the internal RAM area as the stack area when DRAM is not
connected or the internal RAM is sufficient to be used as the stack area.
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DRAM, WIT instruction

Q

Are there methods to refresh DRAM in the wait mode?
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A

In the wait mode, DRAM refresh function does not operate, but the watchdog timer, timer A, and
timer B operate. Accordingly, DRAM can be refreshed by using these timers and ports.

(1) Method using watchdog timer Interval of watchdog timer interrupt

Return from the wait mode by the watchdog f(Xin) fs2 selected | fsi2 selected
timer interrupt. Control ports P104, P10s by 25 MHz 2621 ms 41.943 ms
software and perform the CAS-before-RAS-

16 MHz . .
refresh. 4.096 ms 65.536 ms

Example 1: A case in 1024 refresh cycles, every 16.4 ms, f(Xw) = 16 MHz, watchdog timer
count source = fa2
*DRAM refresh is performed 256 times. This refresh is performed by every
watchdog timer interrupt. (See flow chart 0.)

Flow chart O
Main routine Watchdog timer
interrupt routine
/-\r_, K

Watchdog timer frequency ~ “1”
select bit (bit 0 at address 61)

Bits 4, 5 of port P10 register — “1”
(address 1616)

Bits 4, 5 of port P10 direction — “1"
register (address 181)

DRAM validity bit P

Watchdog timer count
source: fz2 selected

Ports P104, P10s:
“H” level output

Bit 4 of port P10 register — ‘0"
(address 16:s)

Bit 5 of port P10 register — ‘O’
(address 161s)

Bit 4 of port P10 register ~ “1"
(address 161s)

Port P104 (CAS):

“L” level output

Port P10s (RAS):

“L” level output

Port P104 (CAS):

“H" level output

Port P10s (RAS):

Bit 5 of port P10 register ~ “1”
(bit 7 at address 641s) DRAMC stopped (address 161) “H” level output
le
N
WIT instruction Wait mode
Y
N
Wait mode completed ?
RTI Return to main routine

vy Note: By using 1 bit of RAM, judge
whether this interrupt is for return
from the wait mode or for refresh.

(1/2)
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DRAM, WIT instruction

A

(2) Method using timer A or timer B

Return from the wait mode by a timer A ( or timer B) interrupt every definite time. Control
ports P104, P10s by software and perform the CAS-before-RAS-refresh.

Example 2: A case in 512 refresh cycles, every 64 ms, f(Xi) = 25 MHz, timer AO used
*DRAM refresh is performed 512 times by timer AO interrupts. This interrupt

occurs every 64 ms. (See flow chart 0.)

Flow chart O
Main routine . Timer AO.
interrupt routine
= =
5
Bits 4, 5 of port P10 register — “1” Bit 4 of port P10 register — ‘0"
(address 161) (address 161)
| Ports P10s, P10s: |
“H” level output
Bits 4, 5 of port P10 direction ~ “1" Bit 5 of port P10 register — ‘0"
register (address 18i6) (address 161)

DRAM validity bit P Bit 4 of port P10 register  “1”

(bit 7 at address 641s) DRAMC stopped (address 1616)

Timer AO mode + "11000000"| ¢, counted Bit 5 of port P10 register « “1”
register (address 56:16) (address 1616)

Timer AO register — 3124 Timer value set:
(addresses 4716, 4616) One cycle = 64 ms

Timer AO interrupt ~ — “XXXX0001L"
control register (address 751)

Timer AO count start < "1 [Timer A0 count started
bit (bit 0 at address 401s)

Interrupt enable flag |~ ‘0’ Interrupt enabled

le
<

Interrupt priority level set:
Level 1 or more (Interrupt
enabled)

WIT instruction
Wait mode

Wait mode completed ?

Note: By using 1 bit of RAM, judge
whether this interrupt is for return
from the wait mode or for refresh.

Return to main routine

Port P10+ (CAS):
“L” level output

Port P10s (RAS):
“L” level output

Port P104 (CAS):
“H” level output

Port P10s (RAS):
“H” level output

(2/2)
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DRAM

Q

How is the program execution time affected when using DRAM ?

A

*CPU stops and DRAM refresh cycle is inserted.
*1-bus cycle becomes 3¢ when accessing DRAM.

execution time is described below.

When the M37721 uses DRAM, the execution time is affected as follows:

(1) Refresh method of the M37721's DRAMC is the dispersion refresh and 5 cycles of ¢ are
necessary for one refresh. The rate occupied by the DRAM refresh cycle during the program

Rate occupied by DRAM refresh cycle during program execution time

Rate occupied by DRAM refresh cycle

Refresh interval f(X) = 25 MHz

f(Xiw) = 16 MHz

15.625 us
(Case of 512 refresh cycles, every 8 ms)

2.6 %

4.2 %

125 us
(Case of 512 refresh cycles, every 64 ms)

0.3 %

0.5 %

(2) The comparison results of two sample programs’ execution times

the case where SRAM is used and the other is for the case where DRAM is used.

are listed below; one is for

Use conditions : Execution program Sample program B (See (2/2))
f(Xin) 16 MHz
External data bus width 16 bits
Refresh interval 13 us
Memory used as work area Software wait valid area Execution time | Speed comparison
SRAM Nothing 3.4 ms 1.00
SRAM ROM and RAM 5.0 ms 1.47
DRAM (bank FFis) Nothing 3.9 ms 1.15
DRAM (bank FFis) ROM 5.2 ms 1.53

(1/2)
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DRAM

e Sample program B

SEP X

CLM

.DATA 16

ANDEX 8

LDY #69
LOOPO: LDX #69
LOOP1: ASL SOUR, X

SEM

.DATA 8

ROL SOUR+2, X

ROL B

CLM

.DATA 16

ROR A

DEX

DEX

DEX

BNE LOOP1

STA A, DEST, Y

SEM

.DATA 8

STA B, DEST+2, Y

CLM

.DATA 16

DEY

DEY

DEY

BNE LOOPO

0 SOUR, DEST : Work areas

(2/2)
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Watchdog timer

Q

When detecting the software runaway by the watchdog timer, if the same value as the contents
of the reset vector address is set to the watchdog timer interrupt vector address, not performing
software reset, how does it result in?

When branching to the reset branch address within the watchdog timer interrupt routine, how
does it result in?

The CPU registers and the SFR are not initialized in the above-mentioned way. Accordingly,
the user must initialize all of them by software.

Note that the processor interrupt priority level (IPL) retains “7” of the watchdog timer interrupt
priority level and is not initialized. Consequently, all interrupt requests cannot be accepted.
When rewriting the IPL by software, save once the 16-bit immediate value to the stack area
and then restore that 16-bit immediate value to all bits of the processor status register (PS).

When a software runaway occurs, we recommend to use software reset in order to initialize
the microcomputer.
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Appendix 10. Differences between 7721 Group and 7720 Group

Table 2 Differences between M37721S2BFP and M37720S1AFP

ltem M37721S2BFP M37720S1AFP
Internal RAM size 1024 bytes (Note) 512 bytes
External clock input frequency 25 MHz (maximum) 16 MHz (maximum)
Instruction execution time (minimum) 160 ns 250 ns
) Bit configuration of 4 bits O 2 channels, or 4 bits O 2 channels
g g |real-time output channel 6 bits O 1channel and 2 bits O 1channel
§ %‘ Port latch state after Retains the value before using| Undefined
x o using real-time output real-time output

Limitation for instruction used when writing
to interrupt control register

Nothing (LDM, STA instructions
can be used.)

Exists (LDM, STA instructions
cannot be used.)

Timing when overrun error flag
becomes “0”

One of the following:

*When setting the receive enable
bit to “0”

*When setting the serial I/O mode
select bits to “0002”

One of the following:
*When setting the receive
enable bit to “0”

*When setting the serial 1/0
mode select bits to “0002"
*When reading the receive

buffer register

Serial 11O

Conditions for outputting “L” of RTS
signal in clock synchronous serial I/O
mode

When all of the following are
satisfied:

*Receive enable bit = “1”
*Reception is stopped.
sDummy data is present in the
transmit buffer register

When all of the following are
satisfied:

*Receive enable bit = “1”
*Reception is stopped.

DMA shortest transfer rate
(At 1-bus cycle transfer)

12.5 Mbytes/sec

8 Mbytes/sec

Note: 512 bytes can be selected by software. For the M37721S1BFP, its

internal RAM size is 512 bytes.
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Appendix 11. Electrical characteristics

The electrical characteristics of the M37721S2BFP are described below.
For the latest data, inquire of addresses described last (O“CONTACT ADDRESSES FOR FURTHER
INFORMATION") .

Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vece Power source voltage -0.3to 7 \
AVcc |Analog power source voltage -0.3to0 7 \Y
Vi Input voltage RESET, CNVss, BYTE -0.3to 12 \Y;
Vi Input voltage As/Ds—A1s/D1s, Aie/Do—A23/D7,

P4:—P47, P50—P57, P60—P67,

P76—P77, P8o—P87, P9o—P9, —0.310 Vect0.3 |V

P10c-P107, RDY, HOLD, Xn, Vrer
Vo Output voltage Ao/ MA—A7/MA7, As/Ds—Ais/Dis,

A1s/Do—A23/D7, P43s—P4,

P50—P57, P60—P67, P70—P77,

P80—P87, P9o—P97, P100—P107, —0.3 t0 Veet0.3 v

@, RESﬁT, XOUT,E STO,

ST1, ALE, BLE, BHE, R/IW
Pad Power dissipation Ta = 25 °C 300 mw
Topr Operating temperature —20 to 85 °C
Tstg Storage temperature —40 to 150 °C
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Recommended operating conditions  (Vcc =5V £ 10 %, Ta = —20 to 85 °C, unless otherwise noted)
Limits

Symbol Parameter i Tvp. Max | Unit
Vcc Power source voltage 4.5 5.0 5.5 V
AVcc Analog power source voltage Vcc \Y
Vss Power source voltage 0 V
AVss Analog power source voltage 0 \
e High-level input voltage  P4s:-P47, P50c—P57, P60—P67, P70—P77,
P80—P87, P9.—P97, P10—P10+, RDY,| 0.8 Vcc Vce \Y
HOLD, BYTE, CNVss, RESET, X, Vrer
ViH High-level input voltage  As/Ds—Ais/D1s, Ais/Do—A23/D7 0.5 Vcc Vcce \Y,
Vi Low-level input voltage P4s—P47, P50—P57, P60—P67, P7.—P77,
P80—P87, P9o—P97, P10—P10+, RDY, 0 0.2 veel v
HOLD, BYTE, CNVSS, RESET, X,
VREF
Vi Low-level input voltage  As/Ds—Ai1s/D1s, Ais/Do—A23/D7 0 0.16 Vec | V

lon (peaky | High-level peak output current Ao/MAo—A7/MA7, As/Ds—Ais/Dis,
Ai16/Do—A23/D7, P43—P47, P50—P57,
P60—P67, P70—P77, P80—P87, -10 mA
P90—P97, P100—P107, ¢, RESETour,
STO, ST1, ALE, BLE, BHE, R/W
lon @vg) | High-level average output Ao/MAc—A7/MA7, As/Ds—A1s/Dis,
current Ai16/Do—A23/D7, P43—P47, P50.—P57,
P60—P67, P70—P77, P80o—P87, -5 mA
P90—P97, P100—P107, ¢, RESETour,
STO, ST1, ALE, BLE, BHE, R/W
loL peaky | Low-level peak output current  Ao/MAc—A7/MA7, As/Ds—A1s/Dis,
Ai16/Do—A23/D7, P43—P47, P50.—P57,
P60—P67, P70—P77, P80c—P87, 10 mA
P90—P97, P100—P107, ¢», RESETour,
STO, ST1, ALE, BLE, BHE, R/W

loL @vg) | Low-level average Ao/MA—A7/MA7, As/Ds—A1s/D1s,
output current Ai16/Do—A23/D7, P43—P47, P50.—P57,
P60—P67, P70—P77, P80—P87, 5 mA

P9o—P97, P100—P107, ¢, RESEL)UT,
STO, ST1, ALE, BLE, BHE, R/W
f(Xin) External clock input frequency 25 MHz

Notes 1: Average output current is the average value of a 100 ms interval.
2: The sum of loLgeaxy for P8, P9, Ad/MAo—A7//MA7, As/De—A1s/D1s, Ais/Do—A23/D7, STO, ST1, ALE, TE,
BHE, and R/W must be 80 mA or less; the sum of lowpeay for P8, P9, Ad/MAo—A7/MA7, As/Ds—
Aus/Dis, Ais/Do—A2s/D7, STO, ST1, ALE, BLE, BHE, and R/W must be 80 mA or less; the sum of
loLpeaky fOor P4, P5, P6, P7, P10, and @ must be 80 mA or less; the sum of lonpea for P4, P5, P6,
P7, P10, and ¢ must be 80 mA or less.
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Electrical characteristics

(Vcce =5V, Vss =0V, Ta =-20 to 85 °C, f(Xi) = 25 MHz, unless otherwise noted)

Symbol Parameter Test conditions ["win. L_|rr;/1[|)ts Max. | Unit
Vo High-level output  Ao/MA—A7/MA7, As/De—Aus/Dis, A1e/Do—Aazs/D7, Pds—
voltage P47, P50-P57, P60—P67, P70-P77,
P80—P87, P9o—P97, P10—P107, @, RESETour, STO, low = ~10 mA 3 v
ST1, ALE, BLE, BHE, RIW
Vo High-level output  Ao/MAc—A7/MA7, As/Ds—Aus/D1s, Ais/Do—Azs/Dy, MAi low = —400 uA 47 v
voltage MAs, RAS, CAS, @, STO, ST1, BLE, BHE, R/IW
VoH High-level output ALE lon = =10 mA 3.1
voltage lon = —400 puA | 4.8 \4
Vor  |High-level output E lon = =10 mA 3.4
voltage lon = —400 uA | 4.8 \4
Vo Low-level output  Ao/MAo-A7/MA7, As/Ds—A1s/Dis,
voltage A1s/Do—A23/D7, P4:—P47, P50—~P57, P60—P67, loL = 10 MA 2] v
P70-P77, P80—-P87, P90-P97, P100-P107, ¢,
RESETour, STO, ST1, ALE, BLE, BHE, RIW
Vou Low-level output  Ad/MAo—A7/MA7, As/Ds—Ais/Dis,
voltage Ass/Do—A2s/D7, MAs, MAs, RAS, CAS, @, STO, ST, | lo = 2 mA 0.45| V
BLE, BHE, RIW
VoL |Low-level output ALE lo. = 10 mA 1.9/
voltage loo = 2 mA 0.43
VoL Low-level output E lo. =10 mA 16 v
voltage lo. = 2 mA 0.4
V=V Hysteresis HOLD, RDY, TA2n-TA4w, TBOw, TBLn, INTo-INT,
ADrrs, CTSo, CTS:, CLKo, CLKj, 0.4 1)V
DMAREQO-DMAREQ3, TC
Vr—Vr|Hysteresis RESET 0.2 05| V
Vr—Vr|Hysteresis X 0.1 03| V
liH High-level input  As/Ds—Au1s/D1s, Ais/Do—A2s/D7, P4s—P47, P50-P57,
current P60—P67, P70—P77, P80—P87,
P9o-PYr, P10--P10r, RDY, HOLD, BYTE, CNvss, | V' = 2V 3| HA
X, RESET
I Low-level input Ae/Ds—A1s/D1s, Ais/Do—A23/D7, P4s—P47, P50—P57,
current P60—P67, P70-P77, P80~P87, P90-P97, P100-P107, |V, = 0 V -5| UA
RDY, HOLD, BYTE, CNVss, X, RESET
Vrav  |RAM hold voltage When clock is stopped. 2 \%
lcc Power source current f(Xn) = 25 MHz (Square o7 54l ma
waveform)
Ta = 25 °C (when clock 1] pA
is stopped)
Ta = 85 °C (when clock 20| pA

is stopped)

A-D CONVERTER CHARACTERISTICS (Vec =5V, Vss = 0V, Ta = =20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

. Limits .
Symbol Parameter Test conditions Min. | Typ. | Max. Unit
— Resolution VRrer = Vcc 8| Bits
— Absolute accuracy Vrer = Vce +3| LSB
Ruaooer |Ladder resistance Vrer = Vee 2 10| kQ
tcowv | Conversion time 9.12 us
VRer Reference voltage 2 Vee| V
Via Analog input voltage 0 Vrer| V
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Internal peripheral devices’ timing requirements (Vcc =5V £10 %, Vss =0V, Ta = -20 to 85 °C,

f(Xiw) = 25 MHz, unless otherwise noted)

Note: The limits depend on f(X). Table 3 lists calculation formulas for the limits.

Timer A input (Count input in event counter mode)
Limits .
Symbol Parameter Min. | Max Unit
tera) TAjin input cycle time 80 ns
tw(ran) TAjn input high-level pulse width 40 ns
tw(raL) TAjin input low-level pulse width 40 ns
Timer A input (Gating input in timer mode)
Limits ;
Symbol Parameter Min | Max Unit
tera) TAjin input cycle time (Note) | 320 ns
tw(rar) TAjw input high-level pulse width (Note) | 160 ns
twran) TAjw input low-level pulse width (Note) | 160 ns
Timer A input (External trigger input in one-shot pulse mode)
Limits ;
Symbol Parameter Vin. T Max | UMt
te(ra) TAjin input cycle time (Note) 160 ns
tw(ran) TAjin input high-level pulse width 80 ns
tw(ra) TAjn input low-level pulse width 80 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits ;
Symbol Parameter Min | Max Unit
tw(ran) TAjin input high-level pulse width 80 ns
tw(ray) TAjin input low-level pulse width 80 ns
Timer A input (Up-down input in event counter mode)
Limits :
Symbol Parameter vin | vax ] Unit
tep) TAjour input cycle time 2000 ns
tw(upH) TAjour input high-level pulse width 1000 ns
tw(upL) TAjour input low-level pulse width 1000 ns
tsuup-t) | TAjout input setup time 400 ns
th(tin-uP) TAjour input hold time 400 ns
Timer A input (Two-phase pulse input in event counter mode)
Limits -
Symbol Parameter vin. T Max | UMt
tera) TAjin input cycle time 800 ns
tsurain-tajoun | TAjin input setup time 200 ns
tsurajiour-Tain) | TAjout input setup time 200 ns
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Internal peripheral devices

«Count input in event counter mode

*Gating input in timer mode

*External trigger input in one-shot pulse mode
*External trigger input in pulse width modulation mode

te(TA)

tw(TAH)

TAjiN input /

tw(TAL)

*Up-down input and count input in event counter mode

teup)

tw(UPH)

TAjour input .. I\
(Up-down input) / X( 72

tw(uPL)
TAjout input AXL
(Up-down input) 7x
TAjIN input s \

(When counted at falling edge) /| thTn-up) tsuuP-Th) |\

TAjIN input
(When counted at rising edge)

T
N

*Two-phase pulse input in event counter mode

te(tA)

TAjiN input f \( 72

Tsu(TAjn-TAjour) tsu(TAjin-TAjour,

TAjour input Z‘ \ tsu(TAjour-TAjn)

|\

tSU(TAjOUT-TAj\N)

Test conditions
Vec=5V+10%
eInput timing voltage : VL =1.0V,VH=4.0V
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Timer B input (Count input in event counter mode)

Limits :
Symbol Parameter Min. | Max Unit
tece) TBjin input cycle time (one edge count) 80 ns
tw(reH) TBjin input high-level pulse width (one edge count) 40 ns
tw(teL) TBjin input low-level pulse width (one edge count) 40 ns
teere) TBjin input cycle time (both edges count) 160 ns
tw(reH) TBjin input high-level pulse width (both edges count) 80 ns
tw(tBL) TBjin input low-level pulse width (both edges count) 80 ns
Timer B input (Pulse period measurement mode)
Limits ;
Symbol Parameter vin. T Max | UMt
te(re) TBjw input cycle time (Note) | 320 ns
tw(reH) TBjw input high-level pulse width (Note) | 160 ns
tw(eL) TBjw input low-level pulse width (Note) | 160 ns
Timer B input (Pulse width measurement mode)
Limits ;
Symbol Parameter vin 1 max ] Uit
te(re) TBjw input cycle time (Note) | 320 ns
tw(teH) TBjin input high-level pulse width (Note) | 160 ns
tw(TeL) TBjw input low-level pulse width (Note) | 160 ns
A-D trigger input
Limits ;
Symbol Parameter vin. T Max | UMt
tc(an) ADrc input cycle time (trigger enabled minimum) 1000 ns
tw(aoL) ADrc input low-level pulse width 125 ns
Serial 1/0
Limits :
Symbol Parameter Min. | Max | UMt
te(cx) CLKi input cycle time 200 ns
tw(ckH) CLKi input high-level pulse width 100 ns
tw(ckL) CLKi input low-level pulse width 100 ns
tac-Q) TxDi output delay time 80 | ns
thic-q) TxDi hold time 0 ns
tsup-c) RxDi input setup time 20 ns
th(c-p) RxDi input hold time 90 ns
External interrupt INTi input
Limits ;
Symbol Parameter Min. T Max | UMt
tw(NH) INTI input high-level pulse width 250 ns
tw(INL) INTI input low-level pulse width 250 ns
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Internal peripheral devices

te(TB)

tw(TBH)
TBjiN input / _\t

tw(TBL)

tc(aD)

B tw(ADL) N

ADTRa input \

te(ck)
tw(CKH)
' Al ' A
CLKi input / N\ / \
tw(CKL)
thc-Q)
A \
TxDi output X 7§<
tdc-Q)
tsu(D-C) th(c-D)

RxDi input >§: :§<

tw(INL)

INTi input \

tw(INH)

Test conditions
Vec=5V+10%
eInput timing voltage : Vi,= 1.0V, V=40V
«Output timing voltage : VoL = 0.8 V, Von =2.0 V
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Ready and Hold

Timing requirements (Vcc =5V £ 10 %, Vss =0 V, Ta = =20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Limits .
Symbol Parameter Min. | Max. Unit
tsuroy-g)  |RDY input setup time 55 ns
tsuoro-gy |HOLD input setup time 55 ns
th@-rov) |RDY input hold time 0 ns
th@-+op) |HOLD input hold time 0 ns

Switching characteristics  (Vec =5V + 10 %, Vss = 0 V, Ta = =20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)
Limits
Min. | Max.
ta(g-sTi) STO, ST1 output delay time 40 ns

Note: Figure 13 shows the test circuit.

Unit

Symbol Parameter
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*Ready function

With no Wait

. _ /N S S
E output / \ l;'r --------------- /—

RDY input

tsu(RDY-91)

th(¢1-RDY)

—>

With Wait
e U 2N an U e
E output / \ / —

RDY input

tsu(RDY- 1) thio LROY)
<> X

Test conditions
Vec=5V+10%
eInput timing voltage : Vi, =1.0V,VH=4.0V
*Output timing voltage : VoL = 0.8 V, Von =2.0 V

*Hold function

01 /—\—
tsu(HOLD- 91) th(¢1-HOLD)
~>
HOLD input ;
T
td(¢1-sTi) td(¢ 1-STi)
[«
STi output ;

«

Test conditions
Vcc=5V+10%
eInput timing voltage : ViL,=1.0V,ViH=4.0V
«Qutput timing voltage : VoL =0.8 V, Von =2.0 V
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Microprocessor mode : with no Wait

Note: The limits depend on f(Xw). Table 4 lists calculation formulas for the limits.

Timing requirements (Vcc =5V =10 %, Vss = 0V, Ta = =20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Minl__lmltlaax_ Unit
te External clock input cycle time 40 ns
tw(H) External clock input high-level pulse width 15 ns
twa) External clock input low-level pulse width 15 ns
tr External clock input rising time 8| ns
te External clock input falling time 8| ns
tsupio-ey | Port Pi input setup time (i = 4-10) 60 ns
th(e-piD) Port Pi input hold time (i = 4-10) 0 ns

Switching characteristics  (Vec =5V £ 10 %, Vss = 0 V, Ta = =20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Minl__lmlt,aax_ Unit
ta(e-piQ) Port Pi data output delay time (i = 4-10) 80| ns
ta(aL-g) Address low-order output delay time (Note) 15 ns
tde-ong) | Data high-order output delay time (BYTE = “L") 35| ns
toxze-0Hz) | Data high-order floating start delay time (BYTE = “L") 0| hs
ta(am-) Address middle-order output delay time (Note) 15 ns
taam-aLe) | Address middle-order output delay time (Note) 5 ns
tae-o,q) | Data low-order output delay time 35| Nns
toxze-pLz) | Data low-order floating start delay time 0| ns
taan-g) Address high-order output delay time (Note) 15 ns
faan-atey  |Address high-order output delay time (Note) 5 ns
faae-s) | ALE output delay time 4 ns
twate) ALE pulse width (Note) 22 ns
taeqe-s) | BHE output delay time (Note) 20 ns
tase-e)  |BLE output delay time (Note) 20 ns
tarw-5)  |R/W output delay time (Note) 20 ns
taE-o) @ output delay time 0 18| ns
the-ay | Address low-order hold time (Note) 18 ns
thate-am) | Address middle-order hold time (BYTE = “L") 9 ns
the-ono) | Data high-order hold time (BYTE = “L") (Note) 18 ns
tezxe-oHz) | Data high-order floating release delay time (BYTE = “L") (Note) 20 ns
thE-am) Address middle-order hold time (BYTE = “H") (Note) 18 ns
thate-an) | Address high-order hold time 9 ns
the-o,o)  |Data low-order hold time (Note) 18 ns
tozxe-oLz) | Data low-order floating release delay time (Note) 20 ns
the-sie) | BHE hold time (Note)| 18 ns
the-se)  |BLE hold time (Note)| 18 ns
therw)  |R/W hold time (Note)| 18 ns
tw(en) E pulse width (Note) 55 ns
tsu(a-p1) Data low-order setup time after address stabilization (Note) 50| ns
tsuae-on) | Data low-order setup time after rising of ALE (Note) 55| Nns
tsu(a-pH) Data high-order setup time after address stabilization (Note) 50| ns
tsuae-oH) | Data high-order setup time after rising of ALE (Note) 55| ns

Note: Figure 13 shows the test circuit.
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Microprocessor mode : with no Wait

<Write>
twL) tw(H) tr tc
f(Xin)
o1
td(E- 01) td(E- 01)
E tw(EL —
E \(L, y
dd tdAL-E) e—> th(e-AL)
Address output
Ao-A7 P Address %(
Address output td(an-£) th(E-AM)
’(ABa;'.Ar‘lEs_ ) Address
Address/Data output td(AM'E’I >« ld(E-DHQ) > th(E-DHQ)
Ag/Ds-A15/D15 >< Address Data
(BYTE ="“L") N prd
Data input - :
Do-Di5s  eeeeeeeceea- tamALe) | | [theaeam |
(BYTE="17) td(aH-E) > td(E-DLQ) «—>(th(E-DLQ)
Address/Data output / $C
A16/Do—A23/D7 ><( Address )H( Data
Data input _ tedap)| | [teean
Do-D7 tw(ALE)
f d(ALE-E)
ALE output \\ /
td(BHE-E) th(E-BHE)
BHE output >£ ; C
td(BLE-E) th(E-BLE)
BLE output
td(RIW-E) th(E-RIW)
R/W output \

td(E-PiQ)
Port Pi output E t
(i=4-10)

Test conditions (port Pi) Test conditions (except port Pi)
Vce=5V+£10% Vee=5V 10 %
eInput timing voltage : ViL= 1.0V, VH=4.0V «Qutput timing voltage : VoL = 0.8V, Von =2.0 V

*Output timing voltage : VoL = 0.8V, Von =2.0 V eData input: ViL=0.8V,ViH=25V
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Microprocessor mode : with no Wait

<Read>
tw(L) tw(H) tr tc
01
td(E-91) td(E-01)
— o
E N tw(EL) y
td(AL-E) th(E-AL)
Address output
Ao A7 Address
td(am-E) th(E-Am)
Address output
Ag—A15 Address
(BYTE ="H") td(aM-E) \ tpxz(E-DHZ) > tpzx(E-DHZ)
Address/Data output "
As/Ds-A15/D15 X Address r------------ JSRCELE
(BYTE ="L") td(AM-ALE) [«—» <] Th(ALE-AM)
tsu(A-DH) tsu(DH-E) ‘
Data input l ‘ J_ ) th(Eor)
Ds—Dis " -Totmommeeee meqmzmdelgeooo < Data j} ---------
BYTE = L") . tsu(ALE-DH)
( td(AH-E) <—'—%+—> tpxz(E-DLZ) <« tpzx(E-DLZ)
Address/Data output ><1 Address oo decceoeoo. L. C
A16/Do—A23/D7 N
td(AH-ALE) th(ALE-AH)
tsu(A-DL) tsu(DL-E) ‘
Data input J ‘ L s Dat j} th(e-DL)
.......................... d ata T
Do-D7 tsu(ALE-DL) AN
tw(ALE) td(ALE-E)
ALE output / NG /
td(BHE-E) th(E-BHE)
BHE output >£ $<
td(BLE-E) th(E-BLE)
BLE output >qE k
td(R/W-E) th(E-RIW)
R/W output /F %\
tsu(PlD-E) . td(E-PiQ)

Port Pi input >i $<
(i=4-10)

Test conditions (port Pi) Test conditions (except port Pi)
Vec=5V+10% Vec=5V+10%
eInput timing voltage : VL =1.0V,VH=4.0V *Output timing voltage : VoL = 0.8 V, VoH =2.0 V

«Output timing voltage : VoL = 0.8 V, Von = 2.0 V eData input: ViL=0.8V,VH=25V
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Microprocessor mode : with Wait

Note: The limits depend on f(Xw). Table 4 lists calculation formulas for the limits.

Timing requirements

(Vec =5V £10 %, Vss =0V, Ta =-20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Minl_.|m|t'\s/laX. Unit
te External clock input cycle time 40 ns
tw(H) External clock input high-level pulse width 15 ns
twn) External clock input low-level pulse width 15 ns
tr External clock input rising time 8| ns
ts External clock input falling time 8| ns
tsupi-ey | Port Pi input setup time (i = 4-10) 60 ns
th(e-PiD) Port Pi input hold time (i = 4-10) 0 ns
Switching characteristics  (Vec =5V £ 10 %, Vss = 0V, Ta = -20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)
Symbol Parameter Minl_'|m|t§|aX. Unit
taE-riQ) Port Pi data output delay time 80| Nns
taaL-E) Address low-order output delay time (Note) 15 ns
tae-oHe) | Data high-order output delay time (BYTE = “L") 35| NS
toxze-pHz) | Data high-order floating start delay time (BYTE = “L") 0| hs
taam-5) | Address middle-order output delay time (Note) 15 ns
taam-ae) | Address middle-order output delay time (Note) 5 ns
tae-o,) | Data low-order output delay time 35| nhs
tze-pLz) | Data low-order floating start delay time 0| hs
taan-e)  |Address high-order output delay time (Note)| 15 ns
faan-ae)  |Address high-order output delay time (Note) 5 ns
taae-e)  [ALE output delay time 4 ns
tw(ALE) ALE pulse width (Note)] 22 ns
taere-e)  |BHE output delay time (Note)] 20 ns
taeies)  |BLE output delay time (Note)| 20 ns
tarw-e)  [R/W output delay time (Note)| 20 ns
taE-g) @ output delay time 0 18| ns
the-ay)  |Address low-order hold time (Note)| 18 ns
thate-am) | Address middle-order hold time (BYTE = “L") 9 ns
the-one)  |Data high-order hold time (BYTE = “L”) (Note)| 18 ns
trzxE-oHz) | Data high-order floating release delay time (BYTE = “L") (Note) 20 ns
th(Ee-am) Address middle-order hold time (BYTE = “H") (Note) 18 ns
thae-an) | Address high-order hold time 9 ns
the-oe) | Data low-order hold time (Note) 18 ns
toxe-pizy | Data low-order floating release delay time (Note) 20 ns
the-ene) | BHE hold time (Note) 18 ns
the-eiey  |BLE hold time (Note) 18 ns
the-rw)  |R/W hold time (Note) 18 ns
tweeL) E pulse width (Note)| 135 ns
tsua-pu) Data low-order setup time after address stabilization (Note) 130| NS
tsuae-o) | Data low-order setup time after rising of ALE (Note) 135| NS
tsua-oH) | Data high-order setup time after address stabilization (Note) 130| Nns
tsuae-oH) | Data high-order setup time after rising of ALE (Note) 135| NS

Note: Figure 13 shows the test circuit.

17-92

7721 Group User's Manual



Microprocessor mode : with Wait

<Write>

f(Xin)

01
E
Address output

Ao-A7

Address output
As—A15
(BYTE =“H")
Address/Data output
As/Ds—A15/D15
(BYTE =*“L")
Data input
Do-Dais
(BYTE ="“L")

Address/Data output
A16/Do—A23/D7

Data input
Do-D7

ALE output
BHE output
BLE output

R/W output

Port Pi output
(i=4-10)

Test conditions (port Pi)
Vce=5V+10%

tw(L) tw(H) tr ot

APPENDIX
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tc

|

?

th(e-AL)

y

th(E-AM)

y

th(E-DHQ)

’

td(E-¢1) td(E-91)
tw(EL)
N i
td(AL-E) [«——>
Address
td(aAM-E)
Address
td(AM-E) >« {d(E-DHQ)
><’ Address% Data
N
<>
td(AM-ALE) th(ALE-AM)
td(AH-E) > 1 td(E-DLQ)
>{: Address)%( Data
____________ taareae) || It
tw(ALE)
f td(ALE-E)
N
td(BHE-E)E—> th(E-BHE
td(BLE;){—) th(E-BLE)
td(RIW-E) th(E-RIW)

td(E-PiQ)

eInput timing voltage : Vi,=1.0V,VH=4.0V
*Output timing voltage : VoL = 0.8 V, Von = 2.0 V

Test conditions (except port Pi)

cc=5V+10%

*Output timing voltage : VoL = 0.8 V, Von = 2.0 V
eData input: ViL=0.8V,VH=25V
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Microprocessor mode : with Wait

<Read>

f(Xin)

o1
E

Address output
Ao-A7

Address output
As—A15

(BYTE ="“H")
Address/Data output

As/Ds—A15/D15
(BYTE =“L")

Data input
Ds—-D1s
(BYTE =“L")

Address/Data output
A16/Do—A23/D7

Data input
Do-D7

ALE output
BHE output
BLE output

R/W output

Port Pi input
(i=4-10)

Test conditions (port Pi)
Vecec=5V 10 %
eInput timing voltage : Vi =1.0V, V=40V
«Qutput timing voltage : VoL =0.8 V, Von =2.0 V

tw(L) tw(H)

tr

1t tc

?

td(E-01) td(E- 1)
) tw(EL) 7/—
td(AL-E) th(E-AL)
Address %X
td(AM-E) th(E-AM)
)4 Address L(
td(AM-E) ' tpxz(E-DHZ) tpzx(E-DHZ)
>< Address# ------------------------------------ L
td(AM-ALE) il—»| th(ALE-AM)
tsu(A-DH) tsu(DH-E) < th(E-DH)
4
_____________ . TD j>
tsu(ALE-DH) <\ ata
td(AH-E) | tpxz(E-DLZ) tpzx(E-DLZ)
>< Address# ------------------------------------ L
td(AH-ALE) | th(ALE-AH)
tsu(A-DL) tsu(DL-E) « thE-oL)
v
"""""""""" IR T A, S j>
tw(ALE) td(ALE-E)
N /
4 \\
td(BHE;)£—> th(E-BHE)
Td(BLE-E) <—¥h(ELE)
tsu(PiD-E) <tEPIQ)

X

Test conditions (except port Pi)
Vce=5V£10%
*Output timing voltage : VoL = 0.8 V, VoH =2.0 V

*Data input: ViL=0.8V,ViH=25V
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DRAM control switching characteristics (Vcc =5V =10 %, Vss = 0V, Ta = -20 to 85 °C,
f(Xiw) = 25 MHz, unless otherwise noted)
Note: The limits depend on f(Xw). Table 5 lists calculation formulas for the limits.

Read
Limits .
Symbol Parameter Min. | Max. Unit
tw(rAsL) RAS low-level pulse width (Note) | 120 ns
twcasy | CAS low—level pulse width (Note) | 92.5 ns
twrast) | CAS high—level pulse width (Note) 60 ns
taras-cas) | RAS—CAS delay time (Note) 28 ns
tara-ras) | Row address delay time before RAS (Note) 5 ns
thras—ra) | Row address hold time after RAS (Note) 18 ns
taca-cas) | Column address delay time before CAS 5 ns
tncas-ca) | Column address hold time after CAS (Note) | 100 ns
tarw-ras) | R/W delay time before RAS (Note) 18 ns
thcas-rw) | R/W hold time after CAS (Note) 18 ns
taEe-ca) Column address delay time after E's low level (Note) 65| ns
tae-rasy | RAS delay time after E’s low level 30| ns
tae-casy | CAS delay time after E's low level (Note) 77.5| ns
tae-rasH) | RAS delay time after E’s high level 0 20| ns
tae-casty | CAS delay time after E’'s high level 0 20| ns
Note: Figure 13 shows the test circuit.
Write
Limits .

Symbol Parameter Min. | Max. Unit
tw(rAsL) RAS low—level pulse width (Note)| 120 ns
tw(casy) CAS low—level pulse width (Note) 55 ns
twrash) | CAS high-level pulse width (Note) 60 ns
taras-cas) | RAS—CAS delay time (Note) 60 ns
tara-ras) |Row address delay time before RAS (Note) 5 ns
thras-RA) | Row address hold time after RAS (Note) 18 ns
taca—cas) | Column address delay time before CAS (Note) 10 ns
thcas-ca) | Column address hold time afrer CAS (Note) 60 ns
tarw-ras) |R/W delay time before RAS (Note) 18 ns
thcas-rw) | R/W hold time after CAS (Note) 18 ns
tae-rast) | RAS delay time after E's low level 30| Nhs
taecas) | CAS delay time after E's low level (Note) 80| 115| ns
tae-rasi) | RAS delay time after E’s high level 0 20| ns
taecasty | CAS delay time after E’s high level 0 20| ns
Note: Figure 13 shows the test circuit.

Refresh state

Symbol Parameter Minl_.lmltl\jax. Unit
tw(rAsL) RAS low-level pulse width (Note)| 120 ns
twecasy | CAS low—level pulse width (Note) 55 ns
tacas-ras) | CAS—RAS delay time (Note)| 17.5 ns
thras-cas) |CAS hold time after RAS (Note)| 17.5 ns

Note: Figure 13 shows the test circuit.
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At DRAM control

Atread <

At write <

At refreshing

N N N N A\

m|

_/ \

td(RAS-CAS)

| tw(RASH) | tw(RASL)
— , P th(FleAs-RA) t(ERASH) L —
RAS output taRARAS)| 74‘

td(RIW-RAS) L tdEe-RASL) td(E-CASH th(cas-Rw)
S i tw(cAsL) | —
CAS output / td(E-CASL)\( 7?

tacacas) th(cas-ca)
MQB&,MU{% gi Row address jx; Column address fx
td(E-CA)
RIW output /l \
td(RAS-CAS)

‘ tw(RASH) D tw(RASL) N ‘
- J th(RAS-RA) td(E-RASH) |
RAS output taRA-RAS) [\ 74

td(RW-RAS) td(E-RASL) Ld(E-CASH) th(cAs-RMW)
CAS output / td(E-cASL) tw(cAsL) ¢

_ ltdcacas) th(cAs-cA)
MAo—MAo §<
output Zi Row address f Column address )
R/W output 3\ 7_/
tw(RASL) ‘
RAS output \ 4
td(CAS-RAS) | th(RAS-CAS)

CAS output \ /

Test conditions

N~——o

tw(cAsL)

Vec=5V+10%
«Qutput timing voltage : VoL =0.8 V, Von =2.0 V
*Do-Dss input : ViL=0.8V,ViH=25V
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DMAC switching characteristics

unless otherwise noted)
Note: The limits depend on f(Xw). Table 6 lists calculation formulas for the limits.

(Vce =5V %10 %, Vss = 0 V, Ta = =20 to 85 °C, f(Xiw) = 25 MHz,

Symbol Parameter Minl__lmlsax_ Unit
tsuore-m) | DMAREQI input setup time 60 ns
tw(orQ) DMAREQi input pulse width 80 ns
tag-sty  |STO, ST1 output delay time 40| nhs
ta@m-oax) | DMAACKI output delay time 60| Nhs
ta(aL-g) Address low-order output delay time (Note) 15 ns
tae-ono)  |Data high-order output delay time (BYTE = “L") 35| nhs
toxze-oHz) | Data high-order floating start delay time (BYTE = “L") 0| ns
taam-g) Address middle-order output delay time (Note) ns
tae-o,e)  |Data low-order output delay time 35| NS
txze-01z) |Data low-order floating start delay time 0| ns
taan-g) Address high-order output delay time (Note) 15 ns
taae-e)  |ALE output delay time 4 ns
tw(aLE) ALE pulse width (Note) 22 ns
taere-e) | BHE output delay time (Note) 20 ns
taees)  |BLE output delay time (Note) 20 ns
tarw-5  |R/W output delay time (Note) 20 ns
the-AL) Address low-order hold time (Note) 18 ns
thae-am) | Address middle-order hold time (BYTE = “L”) 9 ns
theone |Data high-order hold time (BYTE = “L”) (Note) 18 ns
tezxe-oHz) |Data high-order floating release delay time (BYTE = “L") (Note) 20 ns
th(Ee-am) Address middle-order hold time (BYTE = “H") (Note) 18 ns
thae-am) | Address high-order hold time 9 ns
the-o,o) | Data low-order hold time (Note) 18 ns
tezxe-pLz) |Data low-order floating release delay time (Note) 20 ns
the-sney  |BHE hold time (Note) 18 ns
the-ste)  [BLE hold time (Note) 18 ns
the-rw)  |R/W hold time (Note) 18 ns
tw(eL) E pulse width (Note) 55 ns
ta(data) Copy delay time 50 ns
tae-1c)  |TC output delay time 50 | ns
tw(rc) TC output pulse width (Note) 50 ns
tsurewy  |TC input setup time 60 ns
tureny  [TC input pulse width 80 ns
Note: Figures 13 and 14 show the test circuits.
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At DMA transfer
*Burst transfer timing (External source DMAREQI)

o1

DMAREQI

STO

DMAACKi

Ao—A7 output

(BYTE ="“L")

As/Ds—A15/D15 output

WA WA AW AWV WA WA

\ — \
tsu(DRQ- 91) \ / *& 72

< tw(EL)

\ /
tw(DRQ)

td(¢1-STi) 1d(¢01-DAK)

\

AL)

td(AL-E) th(E-
Address XAddress){; Address &

Address X Address

1d(E-DHQ)
As/Ds-A15/D15 output AddressX Data XAddress)EEi} ------ - () Data XAddress
M~ th(E-AM) i
td(AM-E) th(ALE-AM)
Address XAddressX Address Address XAddress

(BYTE = “H")

td(AH-E) le
A16/Do—A23/D7 output AddressX Data XAddress; ffs} ------

ALE output

BHE output

BLE output

R/W output

tw(ALE) [« td(ALE-E)

N N\

td(E-DLQ)
Data XAddress

th(ALE-AH)

[\
td(BHE-E) th(E-BHE)
X__ X $< X

td(BLE-E) < ‘ th(E-BLE)
X X % X

Test conditions
Vecec=5V+10%

*Output timing voltage : VoL = 0.8V, Von =2.0 V

*Do-D1s input : Vi, =0.8V,ViH =25V
*DMAREQi input: ViL=0.8V,VH=25V

td(R/W-E) :% th(E-RIW)
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At DMA transfer
*Cycle-steal transfer timing (External source DMAREQI)

01 \_/_)\_/_\_7/_\_7 /_\_/_\_7 [—\_/—\_/—\_/

tw(EL)
DMAREQI _\t 7[
tw(DRQ) td(p1-STi)
STO \ 7/
td(e1-sTi) td(91-DAK) td(91-DAK)
DMAACKI \t
td(AL-E) th(e-AL)
r \
Ao—A7 output Address ><Addres:s>§t Address 1§<Addressx Address

As/Ds—A15/D15 output
(BYTE = L") AddressX Data XAddress)(

Ad-
----- ---- Address--------

td(AM-E) $<th(E-AM)

As/Ds—A15/D15 output
(BYTE = *H") P Address XAddreSSX Address AddressX Address
td(AH-E)
Az16/Do—A23/D7 output AddressX Data XAddress)KZedQ- ----- ----{ AddressY Ad Y ouooo---
tw(ALE) | td(ALE-E)
ALE output /—\ F’ / \
td(BHE-E) th(E-BHE)
BHE output X X fi( X
td(BLE-E) th(E-BLE)
BLE output X >§L X X
1N
td(R/W-E)
J— A
R/W output /l

Test conditions
Vcc=5V10%
«Qutput timing voltage : VoL =0.8 V, Von =2.0 V
*Do-Dss input : ViL=0.8V,Vih =25V
*DMAREQiI input : ViL=0.8V,VH=25V
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At DMA transfer
*1-bus transfer timing

01

1d(¢01-DAK) 1d(¢1-DAK)

1d(¢1-DAK)

DMAACKI

le>| td(AL-E) >/ th(E-AL) ‘ le>| Td(AL-E) th(E-AL)

Ao—A7 output X: Address jx :>§‘ Address jx

tpzx(E-DHZ)

D D Ut >H{< lpxz(E-DHZ)
As/De—A15/D15 outpu x 5 < ’( > < X ) (
(BY E - "L") dﬁ:s ..................... d?:s>< Data

tsu(DH-E) th(EEH) toda)

Do-D15 input / \
—— /| td(data) tpxz(E-DLZ)

.
A16/Do-A23/D7 output dee"sx Xt Data X de:j """"""""""" k

tsu(DL-E) | th(E-DL)
> 3|

Do—D7 output 7l *
tw(ALE) lc td(ALE-E) tw(ALE) lc td(ALE-E)
ALE output ﬂ

l<>| td(BHE-E) th(E-BHE) l<>! td(BHE-E) th(E-BHE)
BHE output D{: j}(: :>( ’}(:

l«>{ ld(BLE-E) th(E-BLE) l«<>! td(BLE-E) th(E-BLE)
BiE oupu X X 3C

le>| ld(RW-E) th(e-R/W) le>| td(RIW-E) th(e-RW)
RIW output 3 jE(: :>§i jE(:

Test conditions
Vec=5V+10%
«Output timing voltage : VoL = 0.8 V, Vo =2.0 V
*Do-D1s input : ViL=0.8V,ViH =25V
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At DMA transfer
*Transfer complete timing

o VAV AY AVWAYAVYAVWAWA
S ./

td(e1-TC)

o) td(91-sTi)
STO

1d(¢1-DAK)
DMAACKIi

mil

l«—> th(E-AL) > td(AL-E)
Ao—A7 output Address l}( Address X Address)( Address
<> th(E-DHQ)
As/Ds—A15/D15 output Ad- >< 3 )ﬁw_
(BYTE = “L") dross Data §< Address Address ressx Data X
<> th(E-AM) td(AM-E)
As/Ds—A15/D15 output 3
(BYTE = "H") Address §< Address X Address)i Address
l«>{ th(E-DLQ) td(AH-E)
A16/Do—-A23/D7 output X Data !§< Address XAddress X fjs‘sx Data X

ALE output /—\
th(E-BHE) td(BHE-E) |<«—>|
BHE output & X >§- X
N

th(E-BLE) {d(BLE-E) j«—>|
BLE output & X >§* X
N

th(E-R/W) td(R/W-E) l«—>|
R/W output X

Test conditions
Vcc=5V+10%
«Output timing voltage : VoL =0.8 V, Von =2.0 V
*Do—Dss input : ViL=0.8V,ViH=25V
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When DMA transfer is forcedly completed by TC input
*TC input timing

o \VAWAWEAWAW WA
E VAR U N
! |

. tsu(tCmy)
TC input \(

td(¢1-STi)
tW(TC\N)
STO /
‘ td(91-DAK)
DMAACKI ll

td(AL-E) < th(g-AL)
Thati /a \
Ao—A7 output Destination >z E( L X
p address A Source address j Destination address Address

Source Destination |
address | address < td(E oHo)

As/Ds—A15/D15 output D DR r
o ata X @@ Y-----fk---- Data Address
(BYTE ="L") A thie-am) r X

td(AM-E) > <> th(ALE-AM)
As/Ds—A15/D15 output Destination \f’ \ -
(BYTE = "H") address >§( Source address 7§< Destination address XAddress
td(AH-E) Source Destination «« td(E-DLQ)
address |address
A16/Do—A23/D7 output Data X  )------F---- |  Data XAddress
tw(ALE) td(ALE-E th(ALE-AH)
ALE output ¥\

td(R/W-E) th(E-RIW)
R/W output 1 % /

Test conditions
Ncc=5V+10%
*Output timing voltage : VoL = 0.8 V, VoH =2.0 V
eDo-Dis input: ViL=0.8V,ViH=25V
TCinput:ViL=0.8V,VH=25V
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Table 3 Calculation formulas for internal peripheral devices’ input/output timing depending on f(X IN)
(Vec =5V +10 %, Vss =0V, Ta = -20 to 85 °C)

Timer A input (Gating input in timer mode)

Symbol Calculation formula Unit

te(ra) 8 [0 10° ns
f(Xin)

tw(tAR) 4 0 10° ns
f(Xin)

tw(tAL) 4 [0 10° ns
f(Xin)

Timer A input (External trigger input in one-shot pulse mode)

Symbol Calculation formula Unit
te(ta) 4 [ 10° ns
f(Xin)

Timer B input (Pulse period measurement mode)

Symbol Calculation formula Unit

te(re) 8 0 10° ns
f(Xin)

tw(tBH) 4 0 10° ns
f(Xin)

tw(tBL) 4 [0 10° ns
f(Xin)

Timer B input (Pulse width measurement mode)

Symbol Calculation formula Unit

te(s) 8 0 10° ns
f(Xin)

tw(reH) 4 0 109 ns
f(Xin)

tw(rsL) 4 0 10° ns
f(Xin)
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Table 4 Calculation formulas for bus timing depending on f(X )
(Vec=5V +10%, Vss =0V, Ta=-20to0 85 °C)

Symbol Calculation formula | Unit
taaL-g) 10 10°
td(am-E) —v .,  — 25 ns
td(AH-E) f(Xin)
td(AM-ALE) 9
td(AH-ALE) % - 35 ns
tw(aLE) 10 10°
- - = _18
F(Xm) ns
taBLE-F) 10 10°
tdBHE-E) ———— 20 ns
td(rRiw-E) f(Xn)
thE-aL) 9
th(E-AM) % - 22 ns
th(e-pLQ) 10 10°
th(e-DHQ) W - 22 ns
tpzx(E-DLZ) 10 10°
tpzx(e-DHZ) W - 20 ns
th(e-BLE) 9
th(e-BHE) 1010° 22 ns
the-rRW) fF(Xw)
Tw(EL) Wait bit = “1” 2 0 10° 25 ns
f(Xin)
Wait bit = “0” 4 0 10°
———— 25 ns
f(Xin)
tsuaon  |\Wait bit = “1” 3 0 10°
tsu(a-pH) ait ol W - 70 ns
Wait bit = “0” M_ ns
f(Xin)
tsuaLe-ou) |Wait bit = “1” 30 10¢°
tsu(ALE-DH) W— 65 ns
IN
Wait bit = “0” S5010° g5 | o
f(Xin)
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Table 5 Calculation formulas for DRAM control bus timing depending of f(X IN)
(Vecc =5V +10 %, Vss =0V, Ta = -20 to 85 °C)

Read
Symbol Calculation formula Unit Symbol Calculation formula Unit
tw(rAsL) 4 0 10° thicas-ca) 4 0 10°
——— — 40 ns ——— — 60 ns
f(Xin) f(Xin)
tw(casL) 3 0 10° td(riw-RAS) 10 10°
= - - _ 275 ns - = ns
f(Xin) f(Xin) 22
Twi t _
(RASH) 2 010° 20 ns n(CAS-RW) 1010 22 ns
f(Xin) f(Xin)
tarAs-CAS) 10 10° tae-ca) 10 10°
LUV ns el T+ ns
f(XiN) f(Xin)
td(RA-RAS) 10 10° tdE-cast) 10 10°
— 35 ns == +375 ns
f(Xi) f(Xin)
th(RAS—
s 10100 ns D
f(Xin)
Write
Symbol Calculation formula Unit Symbol Calculation formula Unit
tw(rasL) 4 0 10° taca-cas) 10 10°
—— — 40 ns ——F - 30 ns
f(Xin) f(Xin)
tw(casL) 2 [0 10° thcas-ca) 30 10°
= - - _25 ns _ ns
f(Xin) f(Xin) 60
tw tariw-
(RASH) 2 010° 20 ns U(RIW-RAS) 1010° 29 ns
f(XiN) f(Xin)
td(rAS-CAS) 9 th(cas-Rrw)
20100 _ 5, ns 1010° _ 5, ns
f(XiN) f(Xin)
td(RA-RAS) 10 10° tdE-casy) 20 10°
—-=- - _ 35 ns ————— + 35(0)" ns
f(Xin) f(Xin) ©)
th(RAS—
h(RAS-RA) 1 00 10° _ 99 ns \
f(Xin)
O The value within () is for the minimum value.
Refresh
Symbol Calculation formula Unit Symbol Calculation formula Unit
tw(rAsL) 4 O 10° tdcas-ras) 10 10°
———— — 40 ns - 225 ns
f(Xin) f(Xin)
tw(casL) 2 [0 10° th(ras-cas) 10 10°
—— — 25 ns ———— - 225 ns
f(XiN) f(Xin)
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Table 6 Calculation formulas for DMA transfer bus timing
depending on f(X w) (Vcc =5V £ 10 %, Vss =0V,
Ta = -20 to 85 °C)

Symbol Calculation formula | Unit
taaL-E) 10 10°
td(am-E) - _ 25 ns
taar-g) f(Xin)
tW(ALE) 1 |:| 109
- 18 ns
f(Xin)
td(BLE-E) 10 10°
td(BHE-E) -~ - 20 ns
td(rRIW-E) f(Xin)
th(e-AL) 10 10°
the- = — =Y -22
HEA F(Xn) ns
th(e-bLQ) 10 10°
the— - - 22 n
h(E-DHQ) f(Xn) s
tpzx(E-DLZ) 10 10°
tpzx(E-DHZ) W - 20 ns
th(e-BLE) 10 10°
th(E-BHE) — = 22 ns
thE-RW) f(Xin)
twEL | Transfer source/Transfer 2 010° _ 25 ns
destination wait bit = “1” f(Xin)
Transfer source/Transfer 4 0 10° _ 95 ns
destination wait bit = “0” f(Xin)
tw(TC) 2 |:| 109
—_— Y — ns
f(Xin) 30
Ao/MA—A7/MA7
As/Ds—A15/D15
Aze/ Do—Azs/PDZ 100 pF sk
P5
P6 —
P7 TC
P8
P9 100 pF
P10
E
o1
Fig. 13 Test circuit for each pin Fig. 14 Test circuit for TC output delay time and

TC output pulse width
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Appendix 12. Standard characteristics

Standard characteristics described below are just examples of the M37721S2BFP’s characteristics and are
not guaranteed. For each parameter’s limits, refer to section “Appendix 11. Electrical characteristics.”

1. Programmable 1/0 port (CMOS output) standard characteristics

(1) P-channel | on—Von characteristics

30.0

24.0 Ta=25°C
< e
E 180 .
15 Ta=85°C \\\

12.0 AN

\\
6.0 \
AN
0 1.0 2.0 3.0 4.0 5.0
VOH [V]
(2) N-channel | o.—VoL characteristics
30.0
24.0 Ta=25°C
—

T 180 ?/ Ta=85°C |
S /A

12.0 ////

6.0 /
0 1.0 2.0 3.0 4.0 5.0
VoL [V]
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2. lcc—f(X ) standard characteristics

(1) lcc—f(X ) characteristics on operating and at reset

Measurement condition (Vcc =5.0 V, Ta = 25 °C, f(XiN) : square waveform, microprocessor mode)
30

20

On operating

/ Atreset |
10 / ///
e

0 5 10 15 20 25 30
f(XIN) [MHZ]

Icc [mA]

(2) Wait mode

Measurement condition (Vcc =5.0 V, Ta = 25 °C, f(XiN) : square waveform, microprocessor mode)

10

i

Icc [mA]

\ —
/

0 5 10 15 20 25 30
f(XIN) [MHZ]
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3. A-D converter standard characteristics

The lower lines of the graph indicate the absolute precision errors. These are expressed as the deviation
from the ideal value when the output code changes. For example, the change in output code from 0 to 1
should occur at 10 mV, but the measured value is +2 mV. Accordingly, the measured point of change is
10 + 2 = 12 mV.

The upper lines of the graph indicate the input voltage width for which the output code is constant. For
example, the measured input voltage width for which the output code is 15 is 24 mV, so that the differential
non-linear error is 24 — 20 = 4 mV (0.2 LSB).

[Measurement conditions]
Vcc =5V, Vrer = 5.12 V, f(Xin) = 25 MHz, Ta = 25 °C, @o = f2 divided by 2

30 (T T T T T T T T T T T T T T T T T T T T T T T e e 30
20 /\ A A | 20
glO 10 E

E ot 1
0 } =N LA A A A A A 0 E
@ T T Ty ST wTTTTTT T AN RN o
e} L N~ | —~—— Lo~~~ i =
@ _10 v oM
— \/ o
w '
F - =
-20
i) SESTEETI FENETETE FRNTNET] SENEENTE IR TREET] SR SENE FRNRNETE SRR TSN SR ERETE FRNENET] SN EENTE FE TR N SRR NRTE FRNRRETE SRR SRR
8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128
STEP No.
30 (T T T T T T T T T T T T T T T T T T T T T T e e ey 30
20 N\ Al N A A NP V= al P AA/\ A 20
VIV VY VY Y ASN
v;lO 10 ¢
E : @ { R
4 ~ uny
A HHHH A WWW M HHHH 1~
g © LA M\~ ° B
o) L ,f\/ i §
g Sl VAN
-10 oM
]
w '}
r B =
-20
v b b b b e b b b s b b B e B e

-30
128 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256
STEP No.
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GLOSSARY

This section briefly explains the terms used in this user’s manual. The terms defined here apply to this

manual only.

Term

Meaning

Relevant term

Access

Means performing read, write, or read and write.
In DRAMC, also means performing DRAM refresh.

Access space An accessible memory space of up to 16 Mbytes. Access
Access characteristics Means whether accessible or not. Access
Branch Means moving the program’s execution point (= address) to another location.
Bus control signal A generic name for ALE, E, R/W, BLE, BHE, RDY, HOLD, HLDA,

BYTE, STO, and ST1 signals.
Countdown Means decreasing by 1 and counting. Countup
Count source A signal that is counted by timers A and B, the UARTi baud rate

register (BRGi) and the watchdog timer. That is f2, fie, f64, f512

selected by the count source select bits and others.
Countup Means increasing by 1 and counting. Countdown

External area

An accessible area for external devices connected. It is up to 16-
Mbyte external area.

Internal area

External bus

A generic name for the external address bus and the external
data bus.

External device

Devices connected externally to the microcomputer. A generic
name for a memory, an I/O device and a peripheral IC.

Internal area

An accessible internal area. A generic name for areas of the
internal RAM and the SFR.

External area

Interrupt routine

A routine that is automatically executed when an interrupt request
is accepted. Set the start address of this routine into the interrupt
vector table.

Overflow

A state where the countup resultant is greater than the counter
resolution.

Underflow
Countup

Read-modify-write
instruction

An instruction that reads the memory contents, modifies them
and writes back to the same address. Relevant instructions are
the ASL, ASR, CLB, DEC, INC, LSR, ROL, ROR, SEB instructions.

Signal required for access

A generic name for bus control, address bus, and data bus signals.

Bus control

to external device signal
Stop mode A state where the oscillation circuit halts and the program execution | Wait mode
is stopped. By executing the STP instruction, the microcomputer
enters the stop mode.
UART Clock asynchronous serial 1/0. When used to designate the name | Clock
of a functional block, this term also means the serial /0O which|synchronous
can be switched to the cock synchronous serial 1/0. serial 1/O
Underflow A state where the countdown resultant is greater than the counter | Qverflow
resolution. Countdown
Wait mode A state where the oscillation circuit is operating, however, the| Stop mode

program execution is stopped. By executing the WIT instruction,
the microcomputer enters the wait mode.
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