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NOTES FOR CMOS DEVICES

(@ VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and Vit (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Voo or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity as
much as possible, and quickly dissipate it when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an 1/0O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.

Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.

All (other) product, brand, or trade names used in this pamphlet are the trademarks or
registered trademarks of their respective owners.

Product specifications are subject to change without notice. To ensure that you have
the latest product data, please contact your local NEC Electronics sales office.
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The information in this document is current as of June, 2006. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

No part of this document may be copied or reproduced in any form or by any means without the prior

written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual

property rights of third parties by or arising from the use of NEC Electronics products listed in this document

or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

Descriptions of circuits, software and other related information in this document are provided for illustrative

purposes in semiconductor product operation and application examples. The incorporation of these

circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC

Electronics products, customers must incorporate sufficient safety measures in their design, such as

redundancy, fire-containment and anti-failure features.

NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and

"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC

Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications

not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).

M8E 02.11-1
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Readers

Purpose

Organization

Legend

Preface

This manual is intended for users who want to understand the functions of the
V850E/PH2 (PHOENIX-F).

This manual presents the hardware manual of V850E/PH2.

This system specification describes the following sections:

Pin function
CPU function
Internal peripheral function

Flash memory

Symbols and notation are used as follows:

Weight in data notation : Left is high-order column, right is low order column

Active low notation : xxx (pin or signal name is over-scored) or

/xxx (slash before signal name)

Memory map address: : High order at high stage and low order at low stage

Note . Explanation of (Note) in the text
Caution : Item deserving extra attention
Remark . Supplementary explanation to the text
Numeric notation : Binary... XXXX or XxxxB

Decimal... XXXX
Hexadecimal... XXXXH or 0x XXXX

Prefixes representing powers of 2 (address space, memory capacity)

K (kilo): 210 = 1024
M (mega): 220 = 10242 = 1,048,576
G (giga): 220 = 10248 = 1,073,741,824
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Chapter 1 Introduction

The V850E/PH2 (PHOENIX-FN°‘e) is a product of the NEC Electronics single-chip microcontrollers
“V850 series™”. This chapter gives a short outline of the V850E/PH2 microcontroller.

1.1 Outline

The V850E/PH2 is a 32-bit single-chip microcontroller that realizes high-precision inverter control of a
motor due to high-speed operation. It uses the V850E1 CPU (NUB5EFC) of the V850 Series including
single-precision floating point unit, and has on-chip ROM, RAM, bus interface, DMA controller, a real-
time pulse unit including 3-phase PWM timer for inverter control, various serial interfaces including
AFCAN, and peripheral facilities such as A/D converters, as well as an on-chip debug interface.

M

(2

©)

@

V850E1 CPU

The V850E1 CPU (NU85EFC) supports a RISC instruction set that enhances the performance of
the V850 CPU, which is the CPU core integrated in the V850 Series, and has added instructions
supporting high-level languages, such as C-language switch statement processing, table look-up
branching, stack frame creation/deletion, and data conversion. This enhances the performance of
both data processing and control. It is possible to use the software resources of the V850 CPU
integrated system since the instruction codes of the V850E1 are upwardly compatible at the object
code level with those of the V850 CPU.

In addition, the V850E1 CPU (NUB5EFC) incorporates a single-precision floating point unit, which
supports high speed floating point arithmetic operations.

External memory interface function

The V850E/PH2 microcontroller features n on-chip external memory interface including separately
configured address (22 bits) and data (32 bits) buses. SRAM and ROM can be connected.

On-chip flash memory

The V850E/PH2 microcontroller has a quickly accessible flash memory on-chip, that can shorten
system development time since it is possible to rewrite a program with the V850E/PH2
microcontroller mounted in an application system. Moreover, it can greatly improve maintain ability
after system ships.

A full range of development environment products

A development environment system that includes an optimized C compiler, debugger, in-circuit
emulator, simulator, system performance analyser, and other elements is also available.

Note: PHOENIX-F is the European name of the V850E/PH2 microcontroller.
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1.2 Device Features

* Number of instructions: 96

e Instruction execution time: 15.625 ns (@ ¢ = 64 MHz)
e General-purpose registers: 32 bits x 32

e Instruction set: V850E1 CPU (NUB5EFC)

(compatible with V850 plus additional powerful instructions
for reducing code and increasing execution speed)
Single-precision floating point arithmetic operation
Signed multiplication (16 bits x 16 bits —32 bits or

32 bits x 32 bits —64 bits): 1 to 2 clocks

Saturated operation instructions (with overflow/underflow
detection function)

32-bit shift instructions: 1 clock

Bit manipulation instructions

Load/store instructions with long/short format

Signed load instructions

¢ Memory space: 64 MB linear address space (common program/data)
Chip select output function: 4 spaces
Memory block division function: 2, 4, or 8 MB/block
Programmable wait function
Idle state insertion function

e External bus interface: 32-bit data bus (address/data separated)
22-bit address bus
4 programmable chip select areas
32-/16-/8-bit bus sizing function
External wait function

e Internal memory: Flash ROM: 512 KB
RAM: 32 KB

e Interrupts/exceptions: External interrupts: 14 (including NMI)
Internal interrupts: 85 sources
Exceptions: 1 source

8 programmable interrupt priority levels
¢ Memory access controller: SRAM controller

¢ DMA controller: 8 channels
Transfer mode: Single transfer
Transfer units: 8 bits or 16 bits (depending on peripheral)

Maximum transfer count: 256 (28)
Transfer target: internal RAM < 1/O
Transfer request: On-chip peripheral I/O
DMA transfer termination interrupt

e 1/O lines: Input ports: 5
I/O ports: 137
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e Timer:

e Serial interfaces:

e A/D converters:

¢ Random number generator:

e Clock generator:

e Power save modes:
e Auxiliary frequency output:

e Supply voltage:

e Package

e CMOS technology

1.3 Applications

16-bit timer for 3-phase PWM inverter control: 2 channels
16-bit up/down counter for 4-quadrant encoding: 1 channel
16-bit general purpose timers: 9 channels
16-bit general purpose timers with encoding capability:

2 channels

Asynchronous serial interface (UARTC): 2 channels
Clocked serial interface (CSIB): 2 channels
Queued clocked serial interface (CSI3): 2 channels
FCAN interface (AFCAN): 2 channels

10-bit resolution
2 x 10 channels

Automatic seed generation
Fips/Maurer test passing

16 MHz clock oscillator
4 fold PLL synthesizer for internal system clock

HALT mode
Programmable by user software

1.5 V (internal power supply, clock generator)
3.3 V (external I/O pins, A/D converter)

208-pin plastic LQFP (fine pitch) (28 x 28)
256-pin plastic BGA (21 x 21)

The V850E/PH2 microcontroller is ideally suited for automotive applications, like
electrical power steering and electric car control. It is also an excellent choice for other applications
where a combination of general-purpose inverter control functions and CAN network support is

required.

1.4 Ordering Information

Part Number

Package

HPD70F3187GD-64-LML
HPD70F3187GD(A1)-64-LML
HPD70F3187GD(A2)-64-LML
HPD70F3187F1(A2)-64-JN4

208-pin plastic LQFP (fine pitch) (28 x 28)
208-pin plastic LQFP (fine pitch) (28 x 28)
208-pin plastic LQFP (fine pitch) (28 x 28)
256-pin plastic BGA (21 x 21)
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1.5 Pin Configuration (Top View)

e 208-pin plastic LQFP (fine pitch) (28 x 28)
puPD70F3187GD-64-LML
puPD70F3187GD(A1)-64-LML

HPD70F3187GD(A2)-64-LML

Figure 1-1:

PAH5/A21
PCS4/CS4
PDLO/DO
PDL1/D1
PDL2/D2
PDL3/D3
Vppas
Vssas
PDL4/D4
PDL5/D5
PDL6/D6
PDL7/D7
Vss14
VbD14
PDL8/D8
PDL9/D9
PDL10/D10
PDL11/D11
PDL12/D12
PDL13/D13
PDL14/D14
PDL15/D15
Vppas
Vssas
PDH0/D16
PDH1/D17
PDH2/D18
PDH3/D19
PDH4/D20
PDH5/D21
PDH6/D22
PDH7/D23
PDH8/D24
PDH9/D25
PDH10/D26
PDH11/D27
PDH12/D28
Vopis
Vssis
PDH13/D29
PDH14/D30
PDH15/D31
Vbps7

PCT4/RD
PCD2/BENO
PCD3/BENT
PCD4/BEN2

36

I I R

j—» PAHO/A16
Vssaa
VD34
Vssi3
Vbp13
f— PAL2/A2
j«¢—m- P93/SCS310/INTP9
Vss33
Vpbpas

Pin Configuration 208-pin Plastic LQFP

124 J=—» P96/SCS313/SSB1
123 - P95/SCS312/INTP11
122 fa—w P94/SCS311/INTP10

121
120

19
118 j=—» P86/SCS303/SSBO

117 j—» P85/SCS302/INTP8
116 - P84/SCS301/INTP7
115 J—m P83/SCS300/INTP6

114 jet—m= P90/SI31
113 f—m P91/SO31
112 j—w~ P92/SCK31
111 jt—m P80/SI30
110 f—» P81/SO30
109 j—w P82/SCK30

135 j—m MODEO/FLMDO
108 fw—w= P43/SIB1

134

156 fet—m= PAH4/A20
133

155 fet—m= PAH3/A19
154 fa—w~ PAH2/A18
153 j—m~ PAH1/A17
152

151 f=—» PAL15/A15
150 jt—m= PAL14/A14
149 f—m PAL13/A13
148 fa—m PAL12/A12
147 j—» PCS3/CS3
146 j=—» PCS1/CS1

145

144
142 fa—» PAL10/A10

141 j—m PAL9/A9

140 J=—» PAL8/A8
139 fa—m PAL7/A7

138 j—m PAL6/A6
136 Ja—m= PAL4/A4
132 - PAL3/A3
131

129 f—» PALO/AO
128 j=—» PCS0/CSO
127 fe—» P42/SCKBO
126 = P41/SOBO
125 Ja— P40/SIBO
107 j—m P44/SOB1
106 jw—m P45/SCKBT
105 jt—m= P33/TXDC1

143 Ja—m PAL11/A11
137 J=—m PAL5/A5
130 fat—= PAL1/A1

N

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

208 Q

29
35
36
40
41

ANIOO —»1 6
ANI1 —mf 27
ANI10 —»1 28

PCMO/WAIT
Vbp3o

PCD5/BEN3 ~t—m1
MODE2
MODE1/FLMD1 ~at—w{

AVsso

AVssy
POO/NMI —= 30
PO1/INTPO/ESO0 ——»=f 31
PO2/INTP1/ESO1 — 32
PO3/INTP2/ADTRGO —{ 33
PO4/INTP3/ADTRG1 —={ 34

Vbp1o

Vssio

Vss3o
P13/TIP11/TEVTPO/TOP11 ~a—1 42

P10/TIPOO/TEVTP1/TOPO0 ~—m=4 37
P11/TIPO1/TTRGP1/TOPO1 -s—»4 38
P12/TIP10/TTRGPO/TOP10 ~s—m=1 39
P14/TIP20/TEVTP3/TOP20 ~a—mf 43
P15/TIP21/TTRGP3/TOP21 -] 44
P16/TIP30/TTRGP2/TOP30 ~—m1 45
P17/TIP31/TEVTP2/TOP31 ~s—m1 46
P20/TIP40/TEVTP5/TOP40 ~a—m4 47
P21/TIP41/TTRGP5/TOP41 <a—m{ 48
P22/TIP50/TTRGP4/TOP50 ~s—m=1 49
P23/TIP51/TEVTP4/TOP51 ~a—m1 50
P24/TIP60/TEVTP7/TOP60 ~—m{ 51
P25/TIP61/TTRGP7/TOP61 ~a—m{ 52
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P32/RXDC1/INTP5
P31/TXDCO
P30/RXDCO/INTP4
P37/FCTXD1
P36/FCRXD1
P35/FCTXDO
P34/FCRXD0O
Vssa2

DD32
P67/TOR17/TRTEVT1
P66/TOR16
P65/TOR15
P64/TOR14/TIR13
P63/TOR13/TIR12
Vss12

Vpp12

DDO

DDI

CVss

P62/TOR12/TIR11

P61/TOR11/TIR10
P60/TOR10/TTRGR1

P57/TOR07

P56/TOR06

P55/TOR05

P54/TOR04

Vssat

Vb3t

P53/TOR03

P52/TOR02

P51/TOR01

P50/TOR00

Vssi11

Vpp11

P102/TIUDO/TO0
P101/TCUDO/TICCO1
P100/TCLRO/TICCO0/TOP81
P75/TECRT1/AFO
P74/TIT11/TEVTTO/TOT11/TENCT11
P73/TIT10/TTRGTO/TOT10/TENCT10
P72/TECRTO/INTP12
P71/TITO1/TTRGT1/TOTO1/TENCTO1
P70/TITOO/TEVTT1/TOTOO/TENCTOO
P27/TIP71/TEVTP6/TOP71
P26/TIP70/TTRGP6/TOP70
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256-pin plastic BGA (21 x 21)

UPD70F3187F1(A2)-JN4

Figure 1-2: Pin Configuration 256-pin Plastic BGA (21 x 21)

Bottom View

Top View
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Table 1-1: 256-pin Plastic BGA (1/2)
Pin No Pin Name Pin No Pin Name Pin No Pin Name Pin No Pin Name
A1 |NC B1 |NC C1 |AVggo D1 |AVggo
A2 |NC B2 |NC C2 |MODE1 D2 |AVgg
A3 |PCT4/RD B3 |PCD5/BEN3 C3 |MODE2 D3 |AVggo
A4 |PCT5/WR B4 |PCD2/BENO C4 |PCD4/BEN2 D4 |PCMO/WAIT
A5 |PDH15/D31 B5 |PCM6 C5 |PCM7 D5 |PCD3/BEN1
A6 |PDH13/D29 B6 [PCM1 C6 |Vggsy D6 |Vpps7
A7 |PDH11/D27 B7 |PDH14/D30 C7 |Vsssy D7 |Vppsy
A8 |PDH9/D25 B8 |PDH12/D28 C8 |Vssis D8 |Vppis
A9 |PDH8/D24 B9 |PDH10/D26 C9 |Vssis D9 |Vppis
A10 |PDH6/D22 B10 |PDH7/D23 C10 |PDH4/D20 D10 |PDH2/D18
A11 |PDH3/D19 B11 |PDH5/D21 C11 |Vgsss D11 |Vppss
A12 |PDHO/D16 B12 |PDH1/D17 C12 |Vgsss D12 |Vppss
A13 |PDL15/D15 B13 |PDL13/D13 C13 |PDL11/D11 D13 |PDL10/D10
A14 |PDL14/D14 B14 |PDL12/D12 C14 |Vggia D14 \Vppia
A15 |PDL9/D9 B15 |PDL8/D8 C15 |PDL7/D7 D15 |PDL6/D6
A16 |PDL5/D5 B16 |PDL4/D4 C16 |Vgsss D16 |Vppss
A17 |PDL1/D1 B17 |PDL3/D3 C17 |Vgsss D17 |Vppss
A18 |PDL0/DO B18 |PCS4/CS4 C18 |PDL2/D2 D18 |PAH4/A20
A19 |NC B19 |NC C19 |PAH5/A21 D19 [PAH3/A19
A20 |NC B20 |NC C20 |NC D20 |PAL14/A14
E1 |ANIOO F1 |ANIO3 G1 |ANIO7 H1 |ANI18
E2 |ANIO2 F2 |ANIO6 G2 |ANI09 H2 |ANI19
E3 |ANIOT F3 |ANIO5 G3 |ANIO8 H3 [AVpp
E4 |AVggo F4 |ANIO4 G4 |AVgero H4 |AVRgrq
E17 |PAHO/A16 F17 |PAL12/A12 G17 |Vppaa H17 |Vppaa
E18 |PAH2/A18 F18 |PAL15/A15 G18 [Vgsas H18 |Vggas
E19 |[PAH1/A17 F19 |PAL13/A13 G19 |PCS1/CS1 H19 |PAL10/A10
E20 |PCS3/CS3 F20 |PAL11/A11 G20 |PAL9/A9 H20 |PAL6/A6
J1 |ANI17 K1 |ANI13 L1 |AVggq M1 [PO1/INTPO/ESOO
J2 |ANI14 K2 |ANI10 L2 |AVggy M2 |POO/NMI
J3 |ANI15 K3 |ANI11 L3 |AVggq M3 |Vssio
J4 |ANI16 K4 |ANI12 L4 |AVggq M4  |Vppio
J17 |PAL5/A5 K17 |[Vppis L17 |Vppis M17 |P95/SCS312/INTP11
J18 |PAL8/A8 K18 |Vgsis L18 [Vgsis M18 |PALO/AO
J19 |PAL7/A7 K19 |PAL4/A4 L19 |PAL3/A3 M19 [PCS0/CSO
J20 |MODEO K20 |PAL2/A2 L20 [PAL1/A1 M20 [P42/SCKBO
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Table 1-1: 256-pin Plastic BGA (2/2)
Pin No Pin Name Pin No Pin Name Pin No Pin Name Pin No Pin Name
N1 [PO2/INTP1/ESO1 P1 |PO4/INTP3/ R1 |P11/TIPO1/ T1 [P13/TIP11/TEVTPO/
ADTRGH1 TTRGP1/TOPO1 TOP11
N2 |PO3/INTP2/ P2 |P10/TIP0OO/ R2 |P12/TIP10/ T2 |P14/TIP20/TEVTP3/
ADTRGO TEVTP1/TOPQ0 TTRGPO/TOP10 TOP20
N3 [Vssio P3 |Vssag R3 [Vgs3o T3 [P16/TIP30/TTRGP2/
TOP30
N4  Vppio P4 |Vppao R4  [Vppao T4 [P21/TIP41/TTRGP5/
TOP41
N17 (Vppas P17 |Vppss R17 |P83/SCS300/INTP6| T17 |P80/SI30
N18 |Vgs3s P18 [Vgsas R18 |P86/SCS303/SSBO | T18 |P84/SCS301/INTP7
N19 |P41/SOBO P19 |P96/SCS313/SSB1 | R19 [P93/SCS310/INTP9| T19 |P90/SI31
N20 |P40/SIBO P20 [P94/SCS311/ R20 [P85/SCS302/INTP8| T20 [P91/SO31
INTP10
Ut |P15/TIP21/ V1 |P20/TIP40/ W1 |NC Y1 [NC
TTRGP3/TOP21 TEVTP5/TOP40
u2 |P17/TIP31/ V2 |P23/TIP51/ W2 |P26 Y2 [NC
TEVTP2/TOP31 TEVTP4/TOP51
U3 |P22/TIP50/ V3 |P24/TIP60/ W3 |P27/TIP71/ Y3 |P72/TECRTO/
TTRGP4/TOP50 TEVTP7/TOP60 TEVTP6/TOP71 INTP12
U4 |P25/TIP61/ V4 |P70/TITOO/TEVTT1/| W4 |P73/TIT10/TTRGTO/| Y4 |P100/TCLR1/
TTRGP7/TOP61 TOTOO/TENCTO00 TOT10/TENCT10 TICC10/TOP81
Us |P71/TITO1/TTRGT1/| V5 |P74/TIT11/TEVTTO/| W5 |P101/TCUD1/ Y5 [P50/TOR0O0O
TOTO1/TENCTO1 TOT11/TENCT11 TICC11
ue |P75 V6 [P102/TIUD1/TO1 W6 |P51/TORO1 Y6 |P52/TOR02
U7 [Vppiq V7 [Vssi1 W7 |P53/TOR03 Y7 |P54/TOR04
U8 [Vppaq V8 |Vgsay W8 |P55/TOR05 Y8 |P56/TOR06
U9 |P62/TOR12/TIR11 V9 |P61/TOR11/TIR10 W9 |P57/TOR07 Y9 |P60/TOR10/TTRGR1
U10 |Vsgsai V10 |Vsgsi W10 |Vsgsay Y10 |Vgsai
U11 |DCK V11 |RESET W11 [X2 Y11 |CVgg
U122 (Vppio V12 [Vgsio w12 [X1 Y12 |CVpp
U13 |Vpp12 V13 |Vssio W13 |DMS Y13 |DRST
U14 (Vppao V14 |Vggso W14 |DDO Y14 |DDI
U15 (Vppao V15 [Vggsn W15 |P65/TOR15 Y15 |P63/TOR13/TIR12
U16 |P32/RXDC1/INTP5 | V16 |P67/TOR17/ W16 |P66/TOR16 Y16 |P64/TOR14/TIR13
TEVTR1
U17 |P81/S0O30 V17 |P31/TXDCO W17 |P34/FCRXDO Y17 |P35/FCTXDO
U18 |P82/SCK30 V18 |P30/RXDCO/INTP4 | W18 |P36/FCRXD1 Y18 |P37/FCTXD1
U19 |P44/SOBH1 V19 |P43/SIB1 W19 |P33/TXDCH1 Y19 [NC
U20 |P92/SCK31 V20 |P45/SCKB1 W20 |[NC Y20 [NC
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Pin Identification

AO to A21:
ADTRGO, ADTRG1:
AFO:

ANIOO0 to ANIO9,
ANI10 to ANI19:
AVDD:

AVRero, AVREF1:
AVgso, AVsgy:
BENO to BENS3:

CSo0, CS1, CS3, CS4:

CVDD:

CVSS:

DO to D31:

DCK:

DDI:

DDO:

DMS:

DRST:

ESOO0, ESO1:
FCRXDO, FCRXD1:
FCTXDO, FCTXD1:
INTPO to INTP12:
MODEO to MODEZ2:
NMI:

NC:

P00 to P04:
P10to P17:

P20 to P27:

P30 to P37:

P40 to P45:

P50 to P57:

P60 to P67:

P70 to P75:

P80 to P86:

P90 to P96:
P100 to P102:
PALO to PAL15:
PAHO to PAHS5:
PCD2 to PCD5:
PCMO, PCM1,
PCM6, PCM7:
PCSO0, PCS1,
PCS3, PCS4:
PCT4, PCT5:
PDLO to PDL15:
PDHO to PDH15:
RD:

RESET:

RXDCO0, RXDC1:
SCK30, SCK31,
SCKBO, SCKBH1:
SCS300 to SCS303,
SCS310 to SCS313:

40

Address bus
A/D trigger input
Auxiliary frequency output

Analog input

Analog power supply
Analog reference voltage
Analog ground

Byte enable

Chip select

Power supply for oscillator
Oscillator ground

Data bus

Debug clock input
Debug data input

Debug data output
Debug mode select
Debug reset

Emergency shut-off
FCAN receive data input
FCAN transmit data output
External interrupt request
Mode

Non-maskable interrupt
request

Not connected

Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 8

Port 9

Port 10

Port AL

Port AH

Port CD

Port CM

Port CS

Port CT

Port DH

Port DL

Read strobe
Reset

Receive data input

Serial clock

Serial chip select

SI30, SI31,

SIBO, SIB1: Serial data input

S0O30, SO31,

SOBO, SOB1: Serial data output
SSBO, SSB1: Serial slave select input
TCLR1: Timer clear

TCUD1: Timer control pulse input

TECRTO, TECRT1:
TENCTO00, TENCTO1,
TENCT10, TENCT11: Timer encoder input
TEVTPO to TEVTP7,
TEVTRI1, TEVTTO,
TEVTT1:

TICC10, TICC11
TIPOO, TIPO1,
TIP10, TIP11,
TIP20, TIP21,
TIP30, TIP31,
TIP40, TIP41,
TIP50, TIP51,
TIP60, TIP61,
TIP70, TIP71,
TIR10 to TIR13,
TITOO, TITOT1,

TIT10, TIT11:
TIUD1:

TO1,

TOPO0O, TOPO1,
TOP10, TOP11,
TOP20, TOP21,
TOP30, TOP31,
TOP40, TOP41,
TOP50, TOP51,
TOP60, TOP61,
TOP70, TOP71,
TOPS81,

TORO0O0 to TORO7,
TOR10 to TOR17,
TOTO00, TOTO1,
TOT10, TOT11:
TTRGPO to TTRGP7,
TTRGR1, TTRGTO,
TTRGT1:

TXDCO, TXDCH1:

Timer external clear

Timer event input

Timer input
Timer count pulse input

Timer output

Timer trigger input
Transmit data output

Vbbio 10 Vpp1s: Power supply for CPU
Vbb3o 10 Vppaz: I/O buffers power supply
VSS10 to VSS15: CPU Ground

Vgs3p t0 Vgss7: I/O buffers ground
WAIT: Wait

WR: Write strobe

X1, X2: Crystal

User’'s Manual U16580EE2VOUDOO



Chapter 1 Introduction

1.6 Function Blocks

1.6.1 Internal block diagram

NMI
INTPO to INTP12

ES00, ESO1

TTRGR1

TIR10to TIR13
TIPOO to TIP70
TIPO1 to TIP71
TEVTPO to TEVTP8
TTRGPO to TTRGP8
TITOO, TITO1

TIT10, TIT11
TENCTO00, TENCTO1, TECRTO
TENCT10, TENCT11, TECRT1
TEVTTO, TEVTT1
TTRGTO, TTRGT1
TICC10

TICC11

TCLR1
TCUD1,TIUD1
TOROO0 to TOR07
TOR10 to TOR17
TOPO0O to TOP70
TOPO1 to TOP81
TOTO0, TOTO1
TOT10, TOT11

TO1

TXDCO
RXDCO

TXDC1
RXDC1

SOBO
SIBO
SCKBO
SSBO

SOB1
SIB1
SCKB1
SsB1

S030
SI30

SCK30
CSC300 to CSC303

S031

SI31

SCK31

CSC310 to CSC313

FCRXDO
FCTXDO

FCRXD1
FCTXD1

Figure 1-3:

INTC K

noqdnaaooagg il

RPU

TMR: 2ch

TMP: 9ch

TMT: 2ch
TMENC10:1ch

1 uartco k=)
= uartc1t KT)
-—]

—] csBo k=
— BRGO
-

—| csBt K2
— BRGT
-—]

—] csmo k=)
-—

— csm k=)
L

—1 Frcano K

FCAN1 K—)

ROM

CPU

Internal Block Diagram

BCU

MEMC

512 KB

11

D 32-bit
Barrel

Shifter

System
Registers

RAM

Unit

Floating Point

:> Multiplier

32x32 > 64

General
Registers

32-bit
x 32

il

32 KB

Instruction
Queue

il

SRAM

I

ROM

K= DMAC

DCU

(=)

Ports

P00 to P04 [
P10to P17 ()
P20to P27 ()
P30to P37 ()
P40to P45 ()
P50to P57 ()
P60 to P67 ()
P7oto P75 ()
P8oto Pes ()
P90 to Pos ¢}
P100to P102 ()

PCS0, PCS1, PCS3, PCS4 { X
PCMO, PCM1, PCM6, PCM7

K= RNG

PCT4,PCTs )

PCD2to PCD5 ()

PAHO to PAHS )
PALOto PAL15 ()
PDHO to PDH15 ()
PDLO to PDL15

User’s Manual U16580EE2V0OUDOO

AD
Converter 0

|+— ADTRGO
[— AvoD
—— Avsso
[— AVREFO

AD
Converter 1

|«— ADTRG1
— AVDD
—— Avsst
—— AVREF1

Clock
Generator
&
System
Control

[<— RESET

K1 MODEn
j— X1
— X2
VoD1
Vssi
VobD3
Vss3
—— CVobD
[— CvVss

K1 ANI00 to ANIOY

K~ ANIoto ANI19
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1.6.2 On-chip units

1)

()

©)

(4)

®)

42

CPU

The CPU uses five-stage pipeline control to enable single-clock execution of address calculations,
arithmetic logic operations, data transfers, and almost all other instruction processing.

Other dedicated on-chip hardware, such as a multiplier

(16 bits x 16 bits —32 bits or 32 bits x 32 bits —64 bits) and a barrel shifter (32 bits), help
accelerate processing of complex instructions.

Bus control unit (BCU)

The BCU starts the required external bus cycle based on the physical address obtained by the
CPU. When an instruction is fetched from external memory area and the CPU does not send a bus
cycle start request, the BCU generates a prefetch address and prefetches the instruction code.
The prefetched instruction code is stored in an instruction queue in the CPU.

The BCU controls a memory controller (MEMC) and DMA controller (DMAC) and performs
external memory access and DMA transfer.

(a) Memory controller (MEMC)

The MEMC controls SRAM, ROM, and various I/O for external memory expansion.

¢ SRAM, external ROM, external I/O interface
Supports access to SRAM, external ROM, and external I/O.

(b) DMA controller (DMAC)

The DMAC performs data transfers b/w internal on-chip RAM and peripheral 1/O. For this purpose
eight DMA channels are provided for particular transfer functions of serial 1/0O interfaces, real-time
pulse unit (TMR), and A/D converter.

ROM

There is on-chip flash memory (512 KB) in the V850E/PH2 provided.

On an instruction fetch, the ROM can be accessed by the CPU in one clock.

When single-chip mode 0 or flash memory programming mode is set, ROM is mapped starting
from address 00000000H.

When single-chip mode 1 is set, it is mapped starting from address 00100000H.

ROM cannot be accessed if ROM-less mode is set.

RAM

On-chip RAM is mapped starting from address 03FFO000H.
It can be accessed by the CPU in one clock on an instruction fetch or data access.

Interrupt controller (INTC)

The INTC services hardware interrupt requests from on-chip peripheral I/O and external sources
(NMI, INTPO to INTP12). Eight levels of interrupt priorities can be specified for these interrupt
requests, and multiple-interrupt servicing control can be performed for interrupt sources
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6)

@

®

©

Clock generator (CG)

The CG provides a frequency that is 4 times the input clock (fx) (using the on-chip PLL) as the
internal system clock (fcpy). As the input clock, connect an external crystal or resonator to pins X1
and X2 or input an external clock from the X1 pin.

Real-time pulse unit (RPU)

The RPU incorporates a 2-channel 16-bit timer (TMR) for 3/6-phase sine wave PWM inverter
control, an 1-channel 16-bit up/down counter (TMENC10) and a 2-channel 16-bit up/down counter
(TMT) that can be used for 2-phase encoder input or as a general-purpose timer, a 9-channel
16-bit general-purpose timer unit (TMP).

The RPU can measure pulse interval or frequency and can output programmable pulses.

Serial interface (SI0)

The serial interfaces consist of 2 channels asynchronous serial interface C (UARTC), 2 channels
clocked serial interface B (CSIB), 2 channels clocked serial interface 3 (CSI3), and 2 channels
FCAN interface (AFCAN).

The UARTC performs data transfer using pins TXDCn and RXDCn (n =0, 1).

The CSIB performs data transfer using pins SOBn, SIBn, SCKBn, SSIn, and SSOn (n
The CSI3 performs data transfer using pins SO3n, SI3n, SCK3n, SCS3n0 to SCS3 (n
The AFCAN performs data transfer using pins FCTXDn and FCRXDn (n =0, 1).

=0, 1).
=0, 1).

Baud rate generator (BRG)

The baud rate generator comprises 3 channels of 8-bit counters and comparators that can be
used for clock supply of serial interfaces (CSIB), auxiliary frequency output (AFO) or interval timer.

(10) A/D converter (ADC)

The two units of high-speed, high-resolution 10-bit A/D converter include 10 analog input pins for
each unit. Conversion is performed using the successive approximation method.

(11) Random number generator (RNG)

For encryption purpose a random number generator is provided.

(12) Debug control unit (DCU)

On-chip debugging can be performed via a debug control unit (n-wire interface).
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(13) Ports
As shown below, the following ports have general-purpose port functions and control pin functions.

Port I/0 Control Function
Port 0 5-bit input NMI input, external interrupt input, A/D converter external trigger input,
emergency shut-off input
Port 1 8-bit 110 Real-time pulse unit I/O
Port 2 8-bit I/0 Real-time pulse unit I/0
Port 3 8-bit I/0 Serial interface 1/0, external interrupt input
Port 4 6-bit I1/0 Serial interface I1/0
Port 5 8-bit I/0 Real-time pulse unit I/0
Port 6 8-bit I/O Real-time pulse unit I/0
Port 7 6-bit 110 Real-time pulse unit I/O, external interrupt input
Port 8 7-bit I/0 Serial interface 1/0, external interrupt input
Port 9 7-bit I/0O Serial interface 1/O, external interrupt input
Port 10 3-bit 1/0 Real-time pulse unit I/O
Port AL 16-bit I/O External address bus
Port AH 6-bit 1/0 External address bus
Port DL 16-bit I/O External data bus
Port DH 16-bit I/O External data bus
Port CD 4-bit I/0 External bus interface control signal output
Port CM 4-bit I/O Wait insertion signal input
Port CS 4-bit I/0 External bus interface control signal output
Port CT 2-bit I/0 External bus interface control signal output

44
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2.1 List of Pin Functions

The names and functions of the V850E/PH2 microcontroller pins are listed below. These pins can be

divided into port pins and non-port pins according to their functions.

(1) Port pins

Table 2-1: Port Pins (1/5)
Pin Name | 1/O Function Alternate Function
P00 I Port 0 NMI
P01 5-bit input-only port INTPO, ESO0
P02 INTP1, ESO1
P03 INTP2, ADTRGO
P04 INTP3, ADTRGH1
P10 I/O | Port 1 TIPOO, TEVTP1, TOPOO
P11 ?ngﬁtlg?ct)l?t:)tut direction can be specified in 1-bit TIPOt, TTRGP1, TOPOT
P12 units TIP10, TTRGPO, TOP10
P13 TIP11, TEVTPO, TOP11
P14 TIP20, TEVTP3, TOP20
P15 TIP21, TTRGP3, TOP21
P16 TIP30, TTRGP2, TOP30
P17 TIP31, TEVTP2, TOP31
P20 I/O | Port2 TIP40, TEVTP5, TOP40
P21 ?ng:jtlcl)(r)gﬁgut direction can be specified in 1-bit TIP41, TTRGPS, TOP41
P22 units TIP50, TTRGP4, TOP50
P23 TIP51, TEVTP4, TOP51
P24 TIP60, TEVTP7, TOP60
P25 TIP61, TTRGP7, TOP61
P26 TIP70, TTRGP6, TOP70
P27 TIP71, TEVTP6, TOP71
P30 I/O | Port 3 RXDCO, INTP4
P3t ?ngﬁtlg?cfftgut direction can be specified in 1-bit TXDCO
P32 units RXDCA1, INTP5
P33 TXDCH
P34 FCRXDO
P35 FCTXDO
P36 FCRXD1
P37 FCTXD1
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Table 2-1: Port Pins (2/5)
Pin Name | 1/O Function Alternate Function
P40 I/O | Port4 SIBO
Pt ?ns:jtlf)(r)opuotgut direction can be specified in 1-bit ﬂ
P42 units SCKBO
P43 SIB1
P44 SOBH1
P45 SCKB1
P50 I/O | Port5 TORO0O0
PS1 ?ns:jtlf)(r)opuotgut direction can be specified in 1-bit TORO1
P52 units TORO02
P53 TORO3
P54 TOR04
P55 TORO05
P56 TORO06
P57 TORO7
P60 I/O | Port 6 TOR10, TTRGR1
Pét ?nsgtlg?opuotgut direction can be specified in 1-bit TOR11, TIR10
P62 units TOR12, TIR11
P63 TOR13, TIR12
P64 TOR14, TIR13
P65 TOR15
P66 TOR16
P67 TOR17, TEVTR1
P70 I/O | Port7 TITOO, TEVTT1, TOT00, TENCTOO
P71 ?nsgtlg?opucigut direction can be specified in 1-bit TITof1, TTRGTH, TOTO1, TENCTO!
P72 units TECRTO, INTP12
P73 TIT10, TTRGTO, TOT10, TENCT10
P74 TIT11, TEVTTO, TOT11, TENCT11
P75 TECRT1, AFO
P80 I/O | Port8 SI30
Pei rnsgtlf)?opucigut direction can be specified in 1-bit SOi
P82 units SCK30
P83 SCS300, INTP6
P84 SCS301, INTP7
P85 SCS302, INTP8
P86 SCS303, SSBO
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Table 2-1: Port Pins (3/5)
Pin Name | I/O Function Alternate Function
P90 I/O | Port9 SI31
Pot rngﬁtlg?ct)l?t:)tut direction can be specified in 1-bit SOi
P92 units SCK31
P93 SCS310, INTP9
P94 SCS311, INTP10
P95 SCS312, INTP11
P96 SCS313, SSB1
P100 I/O | Port 10 TCLR1, TICC10, TOP81
P10t ?nggtlﬁ)?ci(l)tgut direction can be specified in 1-bit Teubt, Ticet
P102 units TIUD1, TOA
PALO I/O | Port AL AO
PALT I1n6p5;tc¥cc))uptg[1tt direction can be specified in 1-bit Al
PAL2 units A2
PAL3 A3
PAL4 A4
PAL5 A5
PAL6 A6
PAL7 A7
PAL8 A8
PAL9 A9
PAL10 A10
PAL11 A1
PAL12 A12
PAL13 A13
PAL14 Al14
PAL15 A15
PAHO I/O | Port AH A16
PAHT ?ngﬁtlg?cfftgut direction can be specified in 1-bit A7
PAH2 units A18
PAH3 A19
PAH4 A20
PAH5 A21
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Table 2-1: Port Pins (4/5)

Pin Name | 1/O Function Alternate Function
PDLO I/0 | Port DL DO
PDL1 I1n6p3tltolioouﬁg[}t direction can be specified in 1-bit D1
PDL2 units D2
PDL3 D3
PDL4 D4
PDL5 D5
PDL6 D6
PDL7 D7
PDL8 D8
PDL9 D9
PDL10 D10
PDL11 D11
PDL12 D12
PDL13 D13
PDL14 D14
PDL15 D15
PDHO I/O | Port DH D16
PDH1 :nepltj);t()li?)uptggt direction can be specified in 1-bit D17
PDH2 units D18
PDH3 D19
PDH4 D20
PDH5 D21
PDH6 D22
PDH7 D23
PDH8 D24
PDH9 D25
PDH10 D26
PDH11 D27
PDH12 D28
PDH13 D29
PDH14 D30
PDH15 D31
PCD2 I/O | PortCD BENO
PCD3 ?nsgtlg?opuotgut direction can be specified in 1-bit ﬂ
PCD4 units BEN2
PCD5 BEN3
PCMO I/O | Port CM WAIT
PCMA 4-bit I/O port

Input or output direction can be specified in 1-bit
PCM6 units
PCM7
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Table 2-1: Port Pins (5/5)

Pin Name | 1/0 Function Alternate Function
PCSO I/O | Port CS CSso
4-bit 1/0O port a3
PCSt Input or output direction can be specified in 1-bit Cst
PCS3 units CS3
PCS4 Cs4
PCT4 I/O | PortCT RD
2-bit 1/0O port wR
PCTS Input or output direction can be specified in 1-bit WR
units
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(2) Non-port pins

Table 2-2: Non-Port Pins (1/5)

Pin Name IO Function Alternate Function
AO to A15 O | 22-bit external address bus PALO to PAL15
A16 to A21 PAHO to PAH5
ADTRGO | A/D conversion start trigger (ADCO) PO3, INTP2
ADTRGH1 | A/D conversion start trigger (ADC1) P04, INTP3
AFO O | Auxiliary frequency output P75, TECRT1
ANIOO to I Analog input channels (ADCO) -

ANIO9
ANI10 to I Analog input channels (ADC1) -
ANI19
AVpp — | Positive power supply (3.3 V) (ADCO, ADC1) -
AVRero I Reference voltage input (ADCO) -
AVREF1 I Reference voltage input (ADC1) -
AVggg — | Power supply ground (ADCO) -
AVgg1 — | Power supply ground (ADC1) -
BENO O | External byte enable output PCD2
BEN1 PCD3
BEN2 PCD4
BEN3 PCD5
CSo O | Chip select signal output PCSO0
Cs1 PCS1
CS3 PCS3
Cs4 PCS4
CVpp — | Oscillator power supply (1.5 V) -
CVss — | Oscillator power supply ground -
DO to D15 I/O | 32-bit external data bus PDLO to PDL15
D16 to D31 PDHO to PDH15
DCK I N-wire interface clock -
DDI I N-wire data input and reset mode selection -
DDO O | N-wire data output -
DMS I N-wire mode select -
DRST | | N-wire interface reset -
ESO0 | Emergency shut off input (TMRO) INTPO, PO1
ESO1 | Emergency shut off input (TMR1) INTP1, P02
FCRXDO | Receive input (AFCANO) P34
FCRXD1 I Receive input (AFCANT) P36
FCTXDO O | Transmit output (AFCANO) P35
FCTXD1 O | Transmit output (AFCAN1) P37
FLMDO | Flash programming mode selection MODEO
FLMD1 MODEH1
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Table 2-2: Non-Port Pins (2/5)

Pin Name I/0 Function Alternate Function
INTPO I External maskable interrupt request input P01, ESO0
INTP1 P02, ESO1
INTP2 P03, ADTRGO
INTP3 P04, ADTRG1
INTP4 P30, RXDCO
INTP5 P32, RXDCH1
INTP6 P83, SCS300
INTP7 P84, SCS301
INTP8 P85, SCS302
INTP9 P93, SCS310
INTP10 P94, SCS311
INTP11 P95, SCS312
INTP12 P72, TECRTO
MODEO | Device operating mode selection FLMDO
MODEH1 FLMD1
MODE2 -

NMI | Non-maskable interrupt request input POO

RD O | Read strobe signal output PCT4
RESET | | System reset input -

RXDCO I Receive input (UARTCO) P30, INTP4
RXDCH1 | Receive input (UARTC1) P32, INTP5
SCK30 I/O | Serial shift clock 1/O (CSI30) P82

SCK31 I/O | Serial shift clock 1/0 (CSI31) P92
SCKBO I/O | Serial shift clock 1/0 (CSIBO) P42
SCKB1 I/O | Serial shift clock 1/0 (CSIB1) P45
SCS300 O | Serial peripheral chip select (CSI30) P83, INTP7
SCS301 P84, INTP8
SCS302 P85, INTP9
SCS303 P86, SSBO
SCS310 O | Serial peripheral chip select (CSI31) P93, INTP10
SCS311 P94, INTP10
SCS312 P95, INTP11
SCS313 P96, SSB1
SI30 | Serial data input (CSI30) P80

SI31 | Serial data input (CSI31) P90

SIBO | Serial data input (CSIBO0) P40

SIB1 | Serial data input (CSIB1) P43

S0O30 O | Serial data output (CSI30) P81

S031 O | Serial data output (CSI31) P91

SOBO O | Serial data output (CSIBO0) P41

SOB1 O | Serial data output (CSIB1) P44
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Table 2-2: Non-Port Pins (3/5)

Pin Name I/0 Function Alternate Function
SSBO I Serial slave select input (CSIBO0) P86, SCS303
SSB1 I Serial slave select input (CSIB1) P96, SCS313
TCLR1 I Timer clear input (ITENCO) P100, TICC10, TOP81
TCUD1 | Count up/down direction control input (ITENCO) | P101, TICC11
TECRTO I Timer clear input (TMTO) P72, INTP12
TECRT1 I Timer clear input (TMT1) P75, AFO
TENCTO00 | | Timer encoder input (TMTO) P70, TITOO, TEVTT1, TOTOO
TENCTO1 I P71, TITO1, TTRGT1, TOTO1
TENCT10 I Timer encoder input (TMT1) P73, TIT10, TTRGTO, TOT10
TENCT11 I P74, TIT11, TEVTTO, TOT11
TEVTPO | | Timer event input (TMPQ) P13, TIP11, TOP11
TEVTP1 I Timer event input (TMP1) P10, TIPOO, TOPOO
TEVTP2 I Timer event input (TMP2) P17, TIP31, TOP31
TEVTP3 | | Timer event input (TMP3) P14, TIP20, TOP20
TEVTP4 I Timer event input (TMP4) P23, TIP51, TOP51
TEVTP5 I Timer event input (TMP5) P20, TIP40, TOP40
TEVTP6 | | Timer event input (TMP6) P27, TIP71, TOP71
TEVTP7 I Timer event input (TMP7) P24, TIP60, TOP60
TEVTR1 I Timer event input (TMR1) P67, TOR17
TEVTTO || Timer event input (TMTO) P74,TIT11, TOT11, TENCT11
TEVTTH | Timer event input (TMT1) P70, TITOO, TOT0OO, TENCTOO
TICC10 I ITENCO capture trigger input P100, TCLR1, TOP81
TICC11 P101, TCUD1
TIPOO I Capture trigger input (TMPO) P10, TEVTP1, TOPOO
TIPO1 P11, TTRGP1, TOPO1
TIP10 I Capture trigger input (TMP1) P12, TTRGPO, TOP10
TIP11 P13, TEVTPO, TOP11
TIP20 I Capture trigger input (TMP2) P14, TEVTP3, TOP20
TIP21 P15, TTRGP3, TOP21
TIP30 I Capture trigger input (TMP3) P16, TTRGP2, TOP30
TIP31 P17, TEVTP2, TOP31
TIP40 I Capture trigger input (TMP4) P20, TEVTP5, TOP40
TIP41 P21, TTRGP5, TOP41
TIP50 I Capture trigger input (TMP5) P22, TTRGP4, TOP50
TIP51 P23, TEVTP4, TOP51
TIP60 I Capture trigger input (TMP6) P24, TEVTP7, TOP60
TIP61 P25, TTRGP7, TOP61
TIP70 I Capture trigger input (TMP7) P26, TTRGP6, TOP70
TIP71 P27, TEVTP6, TOP71
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Table 2-2: Non-Port Pins (4/5)

Pin Name I/0 Function Alternate Function
TIR10 | Capture trigger input (TMR1) P61, TOR11
TIR11 P62, TOR12
TIR12 P63, TOR13
TIR13 P64, TOR14
TITOO | Capture trigger input (TMTO) P70, TEVTT1, TOT00, TENCTOO
TITO1 P71, TTRGT1, TOTO1, TENCTO1
TIT10 | Capture trigger input (TMTO) P73, TTRGTO, TOT10, TENCT10
TIT11 P74, TEVTTO, TOT11, TENCT11
TIUDA | External count clock input (ITENCO) P102, TO1
TO1 O | Pulse signal output (ITENCO) P102, TIUD1
TOPOO O | Pulse signal output (TMPO) P10, TIPOO, TEVTP1
TOPO1 P11, TIPO1, TTRGP1
TOP10 O | Pulse signal output (TMP1) P12, TIP10, TTRGPO
TOP11 P13, TIP11, TEVTPO
TOP20 O | Pulse signal output (TMP2) P14, TIP20, TEVTP3
TOP21 P15, TIP21, TTRGP3
TOP30 O | Pulse signal output (TMP3) P16, TIP30, TTRGP2
TOP31 P17, TIP31, TEVTP2
TOP40 O | Pulse signal output (TMP4) P20, TIP40, TEVTP5
TOP41 P21, TIP41, TTRGP5
TOP50 O | Pulse signal output (TMP5) P22, TIP50, TTRGP4
TOP51 P23, TIP51, TEVTP4
TOP60 O | Pulse signal output (TMP6) P24, TIP60, TEVTP7
TOP61 P25, TIP61, TTRGP7
TOP70 O | Pulse signal output (TMP7) P26, TIP70, TTRGP6
TOP71 P27, TIP71, TEVTP6
TOP81 O | Pulse signal output (TMP8) P100, TCLR1, TICC10
TORO00O O | Pulse signal output (TMRO) P50
TORO1 P51
TOR02 P52
TORO03 P53
TORO04 P54
TORO05 P55
TORO06 P56
TORO07 P57
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Table 2-2: Non-Port Pins (5/5)

Pin Name I/0 Function Alternate Function
TOR10 O | Pulse signal output (TMR1) P60, TTRGR1
TOR11 P61, TIR10
TOR12 P62, TIR11
TOR13 P63, TIR12
TOR14 P64, TIR13
TOR15 P65
TOR16 P66
TOR17 P67, TEVTR1
TOTO00 O | Pulse signal output (TMTO) P70, TITOO, TEVTT1, TENCTOO
TOTO1 P71, TITO1, TTRGT1, TENCTO1
TOT10 O | Pulse signal output (TMT1) P73, TIT10, TTRGTO, TENCT10
TOT11 P74,TIT11, TEVTTO, TENCT11
TTRGPO I Timer trigger input (TMPO) P12, TIP10, TOP10
TTRGP1 Timer trigger input (TMP1) P11, TIPO1, TOPO1
TTRGP2 Timer trigger input (TMP2) P16, TIP30, TOP30
TTRGP3 Timer trigger input (TMP3) P15, TIP21, TOP21
TTRGP4 Timer trigger input (TMP4) P22, TIP50, TOP50
TTRGP5 Timer trigger input (TMP5) P21, TIP41, TOP41
TTRGP6 Timer trigger input (TMP6) P26, TIP70, TOP70
TTRGP7 Timer trigger input (TMP7) P25, TIP61, TOP61
TTRGR1 I Timer trigger input (TMR1) P60, TOR10
TTRGTO | | Timer trigger input (TMTO) P73, TIT10, TOT10, TENCT10
TTRGT1 || Timer trigger input (TMT1) P71, TITO1, TOTO1, TENCTO1
TXDCO O | Transmit output (UARTCO) P31
TXDCAH O | Transmit output (UARTC1) P33
Vpp1o tO — | Positive power supply for internal CPU (1.5 V) -
Vbp1s
Vpp3o t0 — | Positive power supply for peripheral interface -
Vbpa7? (3:3V)
Vggig to — | Power supply ground for internal CPU -
Vssis
Vgs3g to — | Power supply ground for peripheral interface -
Vssa7
WAIT I External wait control signal input PCMO
WR O | Write strobe signal output PCT5
X1 I Crystal connection -
X2 - -
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2.2 Pin Status

Table 2-3: Pin Status in Reset and Standby Mode

Operating Status

During After reset release HALT Mode

reset Single-chip | Single-chip | ROM-less
Pin Mode 0 Mode 1 Mode
A0 to A15 (PALO to PAL15) Hi-Z Hi-Z Operating Operating
A16 to A21 (PAHO to PAH5) Hi-Z Hi-Z Operating Operating
DO to D15 (PDLO to PDL15) Hi-Z Hi-Z Operating Operating
D16 to D31 (PDHO to PDH15) Hi-Z Hi-Z Operating Operating
BENO to BEN3 (PCD2 to PCD5) Hi-Z Hi-Z Operating Operating
CSO0 (PCS0) Hi-Z Hi-Z Operating Operating
CS1 (PCSH1) Hi-Z Hi-Z Operating Operating
CS3 (PCS3) Hi-Z Hi-Z Operating Operating
CS4 (PCS4) Hi-Z Hi-Z Operating Operating
RD (PCT4) Hi-Z Hi-Z Operating Operating
WR (PCT5) Hi-Z Hi-Z Operating Operating
WAIT (PCMO) Hi-Z Hi-Z Operating Operating
BCLK (PCM1) Hi-Z Hi-Z Hi-Z Operating
STST (PCM®6) Hi-Z Hi-Z Hi-Z Operating
STNXT (PCM7) Hi-Z Hi-Z Hi-Z Operating
DCK Operating Operating Operating Operating
DDI Operating Operating Operating Operating
DDO Operating Operating Operating Operating
DMS Operating Operating Operating Operating
DRST Operating | Operating Operating Operating
INTPO to INTP3 (P01 to P04) - Input Input Operating
INTP4 (P30) - Input Input Operating
INTP5 (P32) - Input Input Operating
INTP6 to INTP8 (P83 to P85) - Input Input Operating
INTP9 to INTP11 (P93 to P95) - Input Input Operating
NMI (P0O) - Input Input Operating
Peripheral input pin other than Hi-Z Hi-Z Hi-Z Operating
above
Peripheral output pin other than X X X Operating
above
Port input pin other than above Hi-Z Hi-Z Hi-Z -
Port output pin other than above X X X Hold

Remark:

Hi-Z: High Impedance

— Input data is not sampled
X No function selected at reset
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2.3 Description of Pin Functions

(1)

56

P00 to P04 (Port 0) ... Input

Port 0 is an 8-bit input-only port in which all pins are fixed for input.

Besides functioning as a port, in control mode, P00 to P04 operate as NMI input, external interrupt
request signal, real-time pulse unit (RPU) emergency shut off signal input, and A/D converter
(ADC) external trigger input. Normally, if function pins also serve as ports, one mode or the other
is selected using a port mode control register. However, there is no such register for P00 to P04.
Therefore, the input port cannot be switched with the NMI input pin, external interrupt request
input pin, RPU emergency shut off signal input pin, and A/D converter (ADC) external trigger input
pin. Read the status of each pin by reading the port.

(a) Port mode
P00 to P04 are input-only.
(b) Control mode

P00 to P04 also serve as NMI, INTPO to INTP3, ESO0, ESO1, ADTRGO, and ADTRG1 pins, but
the control function cannot be disabled.

(i) NMI (Non-maskable interrupt request) ... Input
This is non-maskable interrupt request input.

(ii) INTPO to INTP3 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins.

(iii) ESO0, ESO1 (Emergency shut off) ... Input
These pins input timer TMRO and timer TMR1 emergency shut off signals.

(iv) ADTRGO, ADTRG1 (A/D trigger input) ... Input
These are A/D converter external trigger input pins.
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P10 to P17 (Port 1) ... Input/Output

Port 1 is an 8-bit I/O port in which input or output can be set for each port pin individually.

Besides functioning as an 1/O port, in control mode, P10 to P17 operate as RPU input or output.
The operation mode can be specified by the port 1 mode control register (PMC1) to port or control
mode for each port pin individually.

(a) Port mode

P10 to P17 can be set to input or output in 1-bit units using the port 1 mode register (PM1).
(b) Control mode

P10 to P17 can be set to port or control mode in 1-bit units using the PMC1 register.

(i) TIPOO, TIPO1, TIP10, TIP11, TIP20, TIP21, TIP30, TIP31 (Timer capture input) ... Input
These are timer TMPO to TMP3 capture trigger input pins.

(ii) TEVTPO, TEVTP1, TEVTP2, TEVTP3 (Timer event input) ... Input
These are timer TMPO to TMP3 external event counter input pins.

(iii) TTRGPO, TTRGP1, TTRGP2, TTRGP3 (Timer trigger) ... Input
These are timer TMPO to TMP3 external trigger input pins.

(iv) TOPOO, TOPO1, TOP10, TOP11, TOP20, TOP21, TOP30, TOP31 (Timer output) ...

Output
These pins output timer TMPO to TMP3 pulse signals.

P20 to P27 (Port 2) ... Input/Output
Port 2 is an 8-bit I/O port in which input or output can be set for each port pin individually.

Besides functioning as an I/O port, in control mode, P20 to P27 operate as RPU input or output.
The operation mode can be specified by the port 2 mode control register (PMC2) to port or control
mode for each port pin individually.

(a) Port mode

P20 to P27 can be set to input or output in 1-bit units using the port 2 mode register (PM2).

(b) Control mode

P20 to P27 can be set to port or control mode in 1-bit units using the PMC2 register.

(i) TIP40, TIP41, TIP50, TIP51, TIP60, TIP61, TIP70, TIP71 (Timer capture input) ... Input
These are timer TMP4 to TMP7 capture trigger input pins.

(ii) TEVTP4, TEVTP5, TEVTP6, TEVTP7 (Timer event input) ... Input
These are timer TMP4 to TMP7 external event counter input pins.

(iii) TTRGP4, TTRGP5, TTRGP6, TTRGP7 (Timer trigger) ... Input
These are timer TMP4 to TMP7 external trigger input pins.

(iv) TOP40, TOP41, TOP50, TOP51, TOP60, TOP61, TOP70, TOIP71 (Timer output) ... Out-

put
These pins output timer TMP4 to TMP7 pulse signals.
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(4)
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P30 to P37 (Port 3) ... Input/Output

Port 3 is an 8-bit I/O port in which input or output can be set for each port pin individually.

Besides functioning as an 1/O port, in control mode, P30 to P37 operate as serial interface
(UARTCO, UARTC1, AFCANO, AFCAN1). Additionally external interrupt request signal inputs are
available in port input mode.

The operation mode can be specified by the port 3 mode control register (PMC3) to port or control
mode for each port pin individually.

(a) Port mode

P30 to P37 can be set to input or output in 1-bit units using the port 3 mode register (PM3).
(i) INTP4, INTPS5 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins, which are simultaneously enabled in port input
mode.

(b) Control mode

P30 to P37 can be set to port or control mode in 1-bit units using the PMC3 register.

(i) TXDCO, TXDC1 (Transmit data) ... Output
These pins output serial transmit data of UARTCO and UARTC1.

(ii) RXDCO0, RXDC1 (Receive data) ... Input
These pins input serial receive data of UARTCO and UARTC1.

(iii) FCTXDO, FCTXD1 (Transmit data for controller area network) ... Output
These pins output AFCANO and AFCANT1 serial transmit data.

(iv) FCRXD 0, FCRXD1 (Receive data for controller area network) ... Input
These pins input AFCANO and AFCAN1 serial receive data.

P40 to P45 (Port 10) ... Input/Output

Port 4 is a 6-bit I/O port in which input or output can be set for each port pin individually.
Besides functioning as an I/O port, in control mode, P40 to P45 operate as serial interface (CSIBO,
CSiB1).

The operation mode can be specified by the port 4 mode control register (PMC4) to port or control
mode for each port pin individually.

(a) Port mode

P40 to P45 can be set to input or output in 1-bit units using the port 4 mode register (PM4).

(b) Control mode

P40 to P45 can be set to port or control mode in 1-bit units using the PMC4 register.

(i) SOBO0, SOB1 (Serial output) ... Output
These pins output CSIBO and CSIB1 serial transmit data.

(ii) SIBO, SIB1 (Serial input) ... Input
These pins input CSIBO and CSIB1 serial receive data.

(iii) SCKBO0, SCKB1 (Serial clock) ... I/0
These are the CSIB0 and CSIB1 serial clock I/O pins.
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P50 to P57 (Port 5) ... Input/Output
Port 5 is an 8-bit I/O port in which input or output can be set for each port pin individually.

Besides functioning as an 1/O port, in control mode, P50 to P57 operate as RPU input or output.
The operation mode can be specified by the port 5 mode control register (PMCS5) to port or control
mode for each port pin individually.

(a) Port mode

P50 to P57 can be set to input or output in 1-bit units using the port 5 mode register (PM5).

(b) Control mode

P50 to P57 can be set to port or control mode in 1-bit units using the PMCS5 register.

(i) TOR00, TORO01, TOR02, TOR03, TOR04 (Timer output) ... Output
These pins output timer TMRO pulse signals.

P60 to P67 (Port 6) ... Input/Output
Port 6 is an 8-bit I/O port in which input or output can be set for each port pin individually.

Besides functioning as an I/O port, in control mode, P60 to P67 operate as RPU input or output.
The operation mode can be specified by the port 6 mode control register (PMCB6) to port or control
mode for each port pin individually.

(a) Port mode

P60 to P67 can be set to input or output in 1-bit units using the port 6 mode register (PM6).

(b) Control mode

P60 to P67 can be set to port or control mode in 1-bit units using the PMC6 register.

(i) TIR10, TIR11, TIR12, TIR13 (Timer capture input) ... Input
These are timer TMR1 capture trigger input pins.

(ii) TEVTR1 (Timer event input) ... Input
This is a timer TMR1 external event counter input pin.

(iii) TTRGR1 (Timer trigger) ... Input
This is a timer TMR1 external trigger input pin.

(iv) TOR10, TOR11, TOR12, TOR13, TOR14 (Timer output) ... Output
These pins output timer TMR1 pulse signals.
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P70 to P75 (Port 7) ... Input/Output

Port 7 is a 6-bit I/0 port in which input or output can be set for each port pin individually.

Besides functioning as an 1/O port, in control mode, P70 to P75 operate as RPU input or output,
and auxiliary frequency output. Additionally an external interrupt request signal input is available in
port input mode.

The operation mode can be specified by the port 7 mode control register (PMC?7) to port or control
mode for each port pin individually.

(a) Port mode

P70 to P75 can be set to input or output in 1-bit units using the port 7 mode register (PM7).
(i) INTP12 (Interrupt request from peripherals) ... Input
This is an external interrupt request input pin, which is simultaneously enabled in port input
mode.

(b) Control mode

P70 to P75 can be set to port or control mode in 1-bit units using the PMC?7 register.

(i) TITOO, TITO1, TIT10, TIT11 (Timer capture input) ... Input
These are timer TMTO and TMT1 capture trigger input pins.

(ii) TEVTTO, TEVTT1 (Timer event input) ... Input
These are timer TMTO and TMT1 external event counter input pins.

(iii) TTRGTO, TTRGT1 (Timer trigger) ... Input
These are timer TMTO and TMT1 external trigger input pins.

(iv) TECRTO, TECRT1 (Timer clear) ... Input
These are timer TMTO and TMT1 external clear input pins.

(v) TENCTO00, TENCTO1, TENCT10, TENCT11 (Timer encoder input ... Input
These are timer TMTO and TMT1 encoder input pins.

(vi) TOT00, TOTO1, TOT10, TOT11 (Timer output) ... Output
These pins output timer TMTO and TMT1 pulse signals.

(vii)AFO (Auxiliary frequency) ... Output
This is an auxiliary frequency output signal pin of baudrate generator BGR2.
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(9) P80 to P86 (Port 8) ... Input/Output

Port 8 is a 7-bit /O port in which input or output can be set for each port pin individually.

Besides functioning as an 1/0O port, in control mode, P80 to P86 operate as serial interface (CSI30,
CSIB0). Additionally external interrupt request signal inputs are available in port input mode.

The operation mode can be specified by the port 8 mode control register (PMC8) to port or control
mode for each port pin individually.

(a) Port mode

P80 to P86 can be set to input or output in 1-bit units using the port 8 mode register (PM8).
(i) INTPS6, INTP7, INTP8 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins, which are simultaneously enabled in port input
mode.

(b) Control mode

P80 to P86 can be set to port or control mode in 1-bit units using the PMCS8 register.

(i) SO30 (Serial output) ... Output
This pin outputs CSI30 serial transmit data.

(ii) SI30 (Serial input) ... Input
This pin inputs CSI30 serial receive data.

(iii) SCK30 (Serial clock) ... /O
This is the CSI30 serial clock 1/O pin.

(iv) SCS300 to SCS303 (Serial chip select) ... Output
These pins output CSI30 serial chip select signals.

(v) SSBO (Serial slave select signal) ... Input
This pin inputs CSIBO slave select signal.
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(10) P90 to P96 (Port 9) ... Input/Output

62

Port 9 is a 7-bit /0 port in which input or output can be set for each port pin individually.

Besides functioning as an 1/O port, in control mode, P90 to P96 operate as serial interface (CSI31,
CSIB1). Additionally external interrupt request signal inputs are available in port input mode.

The operation mode can be specified by the port 9 mode control register (PMC9) to port or control
mode for each port pin individually.

(a) Port mode

P90 to P96 can be set to input or output in 1-bit units using the port 9 mode register (PM9).
(i) INTP9, INTP10, INTP11 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins, which are simultaneously enabled in port input
mode.

(b) Control mode

P90 to P96 can be set to port or control mode in 1-bit units using the PMC9 register.

(i) SO31 (Serial output) ... Output
This pin outputs CSI31 serial transmit data.

(ii) SI31 (Serial input) ... Input
This pin inputs CSI31 serial receive data.

(iii) SCK31 (Serial clock) ... /0
This is the CSI31 serial clock 1/O pin.

(iv) SCS310 to SCS313 (Serial chip select) ... Output
These pins output CSI31 serial chip select signals.

(v) SSB1 (Serial slave select input) ... Input
This pin inputs CSIB1 slave select signal.
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(11) P100 to P102 (Port 10) ... Input/Output
Port 10 is a 3-bit I/O port in which input or output can be set for each port pin individually.

Besides functioning as an 1/O port, in control mode, P100 to P102 operate as RPU input or output
The operation mode can be specified by the port 10 mode control register (PMC10) to port or
control mode for each port pin individually.

(a) Port mode

P100 to P102 can be set to input or output in 1-bit units using the port 10 mode register (PM10).
(b) Control mode

P100 to P102 can be set to port or control mode in 1-bit units using the PMC4 register.

(i) TIUD1 (Timer count pulse input) ... Input
This is an external count clock input pin to the up/down counter (TMENC10).

(i) TCUD1 (Timer control pulse input) ... Input
This is an input count operation switching signal to the up/down counter (TMENC10).

(iii) TCLR1 (Timer clear) ... Input
This is a clear signal input pin to the up/down counter (TMENC10).

(iv) TICC10, TICC11 (Timer capture input) ... Input
These are timer TMENC10 external capture trigger input pins.

(v) TO1 (Timer output) ... Output
This pin outputs timer TMENC10 pulse signals.

(vi) TOP80 (Timer output) ... Output
This pin outputs timer TMP8 pulse signals.

(12) PALO to PAL15 (Port AL) ... /O

Port AL is an 8-bit or a 16-bit /0 port in which input or output can be set for each port pin
individually.

Besides functioning as a port, in control mode, these pins operate as the address bus (A0 to A15)
when memory is expanded externally.

The operation mode can be specified by the port AL mode control register (PMCAL) to port or
control mode for each port pin individually.

(a) Port mode
PALO to PAL15 can be set to input or output in 1-bit units using the port AL mode register (PMAL).
(b) Control mode
PALO to PAL15 can be set to port or control mode in 1-bit units using the PMCAL register.
(i) AOto A15 (Address bus) ... 3-state output

These are the address output pins of the lower 16 bits of the 22-bit address bus when the
external memory is accessed.
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(13)

(14)

64

PAHO to PAHS5 (Port AH) ... I/O

Port AH is a 6-bit I/O port in which input or output can be set for each port pin individually.
Besides functioning as a port, in control mode, these pins operate as the address bus (A16 to
A21) when memory is expanded externally.

The operation mode can be specified by the port AH mode control register (PMCAH) to port or
control mode for each port pin individually.

(a) Port mode
PAHO to PAH5 can be set to input or output in 1-bit units using the port AH mode register (PMAH).
(b) Control mode
PAHO to PAH6 can be set to port or control mode in 1-bit units using the PMCAH register.
(i) A16 to A21 (Address bus) ... 3-state output

These are the address output pins of the higher 6 bits of the 22-bit address bus when the
external memory is accessed.

PDLO to PDL15 (Port DL) ... I/O

Port DL is an 8-bit or a 16-bit I/O port in which input or output can be set for each port pin
individually.

Besides functioning as a port, in control mode, these pins operate as the data bus (DO to D15)
when memory is expanded externally.

The operation mode can be specified by the port DL mode control register (PMCDL) to port or
control mode for each port pin individually.

(a) Port mode
PDLO to PDL15 can be set to input or output in 1-bit units using the port DL mode register (PMDL).
(b) Control mode
PDLO to PDL15 can be set to port or control mode in 1-bit units using the PMCDL register.
(i) DO to D15 (Address bus) ... 3-state I/0

These are the data 1/O pins of the lower 16 bits of the 32-bit data bus when the external
memory is accessed.
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(15)

(16)

PDHO to PDH15 (Port DH) ... I/O

Port DH is an 8-bit or a 16-bit I/O port in which input or output can be set for each port pin
individually.

Besides functioning as a port, in control mode, these pins operate as the data bus (D16 to D31)
when memory is expanded externally.

The operation mode can be specified by the port DH mode control register (PMCDH) to port or
control mode for each port pin individually.

(a) Port mode

PDHO to PDH15 can be set to input or output in 1-bit units using the port DH mode register
(PMDH).

(b) Control mode
PDHO to PDH15 can be set to port or control mode in 1-bit units using the PMCDH register.

(i) D16 to D31 (Address bus) ... 3-state I/O
These are the data I/O pins of the higher 16 bits of the 32-bit data bus when the external
memory is accessed.

PCD2 to PCD5 (Port CD) ... I/O

Port CD is a 4-bit I/0 port in which input or output can be set for each port pin individually.
Besides functioning as a port, in control mode, these pins operate as control signal outputs when
memory is expanded externally.

The operation mode can be specified by the port CD mode control register (PMCCD) to port or
control mode for each port pin individually.

(a) Port mode

PCD2 to PCD5 can be set to input or output in 1-bit units using the port CD mode register
(PMCD).

(b) Control mode
PCD2 to PCD5 can be set to port or control mode in 1-bit units using the PMCCD register.
(i) BENO to BEN3 (Byte enable) ... 3-state output

These are the byte enable control signal pins, which indicate the validity of the corresponding
byte on the 32-bit data bus.
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(17)

(18)

(19)

66

PCMoO, PCM1, PCM6, PCM7 (Port CM) ... I/O

Port CM is a 4-bit I/O port in which input or output can be set for each port pin individually.
Besides functioning as a port, in control mode, these pins operate as control signal input when
memory is expanded externally.

The operation mode can be specified by the port CM mode control register (PMCCM) to port or
control mode for each port pin individually.

(a) Port mode

PCMO, PCM1, PCM6, and PCM7 can be set to input or output in 1-bit units using the port CM
mode register (PMCM).

(b) Control mode
PCMO can be set to port or control mode in 1-bit units using the PMCCM register.

(i) WAIT (Wait) ... Input

This is the control signal input pin at which an external data wait is inserted into the bus cycle.
The WAIT signal can be input asynchronously, and is sampled at the falling edge of the BCLK
signal. When the setup or hold time is terminated within the sampling timing, wait insertion
may not be executed.

PCS0, PCS1, PCS3, PCS4 (Port CS) ... I/0

Port CS is a 4-bit I/0 port in which input or output can be set for each port pin individually.
Besides functioning as a port, in control mode, these pins operate as control signal outputs when
memory is expanded externally.

The operation mode can be specified by the port CS mode control register (PMCCS) to port or
control mode for each port pin individually.

(a) Port mode

PCSO0, PCS1, PCS3, and PCS4 can be set to input or output in 1-bit units using the port CS mode
register (PMCS).

(b) Control mode

PCSO0, PCS1, PCS3, and PCS4 can be set to port or control mode in 1-bit units using the PMCCS
register.

(i) CSO0, CS1, CS3, CS4 (Chip select) ... 3-state output

These are the chip select signal output pins for the external memory or peripheral 1/0
extension areas.

The CSn signal is assigned to the memory block n (n =0, 1, 3, 4).

It becomes active while the bus cycle that accesses the corresponding memory block is
activated. In the idle state (TI), it becomes inactive.

PCT4, PCT5 (Port CT) ... I/0

Port CT is a 2-bit I/O port in which input or output can be set for each port pin individually.
Besides functioning as a port, in control mode, these pins operate as control signal outputs when
memory is expanded externally.

The operation mode can be specified by the port CT mode control register (PMCCT) to port or
control mode for each port pin individually.

(a) Port mode
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PCT4 and PCT5 can be set to input or output in 1-bit units using the port CT mode register
(PMCT).

(b) Control mode

PCT4 and PCT5 can be set to port or control mode in 1-bit units using the PMCCT register.
(i) RD (Read strobe) ... 3-state output
This is a strobe signal output pin that shows whether the bus cycle currently being executed is
a read cycle for the external memory or peripheral 1/0O extension area. In the idle state (TI), it
becomes inactive.
(ii)) WR (Write strobe) ... 3-state output

This is a strobe signal output pin that shows whether the bus cycle currently being executed is
a write cycle for the external memory or peripheral I/O extension area.
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(20) DCK (Debug clock) ... Input

This pin inputs a debug clock. At the rising edge of the DCK signal, the DMS and DDI signals are
sampled, and data is output from the DDO pin at the falling edge of the DCK signal. Keep this pin
high when the debug function is not used.

(21) DDI (Debug data input) ... Input

This pin inputs debug data, which is sampled at the rising edge of the DCK signal when the debug
serial interface is in the shift state. Data is input with the LSB first. Keep this pin high when the
debug function is not used.

(22) DDO (Debug data output) ... Output

This pin outputs debug data at the falling edge of the DCK signal when the debug serial interface
is in the shift state. Data is output with the LSB first.

(23) DMS (Debug mode select) ... Input

This input pin selects a debug mode. Depending on the level of the DMS signal, the state machine
of the debug serial interface changes. This pin is sampled at the rising edge of the DCK signal.
Keep this pin high when the debug function is not used.

(24) DRST (Debug reset) ... Input

This pin inputs a debug reset signal that is a negative-logic signal to initialize the DCU
asynchronously.

When this signal goes low, the DCU is reset/invalidated. Keep this pin low when the debug
function is not used.

(25) MODEO to MODE2 (Mode) ... Input
These are input pins used to specify the operating mode.

(26) FLMDO, FLMD1 (flash programming mode)
These are input pins used to specify the flash programming mode.

(27) RESET (Reset) ... Input

RESET is a signal that is input asynchronously and that has a constant low level width regardless
of the operating clock’s status. When this signal is input, a system reset is executed as the first
priority ahead of all other operations.

In addition to being used for ordinary initialization/start operations, this pin can also be used to
release a standby mode (HALT).

(28) X1, X2 (Crystal)
These pins are used to connect the resonator that generates the system clock.

(29) ANIOO to ANI09, ANI10 to ANI19 (Analog input) ... Input
These are analog input pins of the corresponding A/D converter (ADCO, ADC1).

(30) AVRero» AVRer1 (Analog reference voltage) ... Input
These are reference voltage supply pins for the corresponding A/D converter (ADCO, ADC1).

(31) AVpp (Analog power supply)
This is the positive power supply pin for the A/D converters.
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(32) AVgg (Analog ground)
This is the analog ground pin for the A/D converters.

(33) CVpp (Power supply for clock generator)
This is the positive power supply pin for the clock generator.

(34) CVgg (Ground for clock oscillator)
This is the ground pin for the clock generator.

(35) Vpp1o to Vpp15 (Power supply)
These are the positive power supply pins for the internal CPU.

(36) Vpp3o to Vpps7 (Power supply)
These are the positive power supply pins for the peripheral interface.

(37) Vss1g to Vgg15 (Ground)
These are the ground pins for the internal CPU.

(38) Vss3p to Vggz7 (Ground)
These are the ground pins for the peripheral interface.
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2.4 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-4: I/O Circuit Types (1/3)

P11/TIPO1/TTRGP1/TOPO1

P12/TIP10/TTRGPO/TOP10

P13/TIP11/TEVTPO/TOP11

P14/TIP20/TEVTP3/TOP20

P15/TIP21/TTRGP3/TOP21

P16/TIP30/TTRGP2/TOP30

P17/TIP31/TEVTP2/TOP31

P20/TIP40/TEVTP5/TOP40

P21/TIP41/TTRGP5/TOP41

P22/TIP50/TTRGP4/TOP50

P23/TIP51/TEVTP4/TOP51

P24/TIP60O/TEVTP7/TOP60

P25/TIP61/TTRGP7/TOP61

P26/TIP70/TTRGP6/TOP70

P27/TIP71/TEVTP6/TOP71

P30/RXDCO/INTP4

P31/TXDCO

P32/RXDC1/INTP5

P33/TXDCH

P34/FCRXDO

P35/FCTXDO

P36/FCRXD1

P37/FCTXD1

P40/SIBO

P41/SOB0O

P42/SCKBO

P43/SIB1

P44/SOB1

P45/SCKB1

P50/TOR00 to P57/TOR07

Terminal I/O circuit type Recommended termination
POO/NMI 2 Connect independently to Vgg3 via a resistor
P01/INTPO/ESOO
P02/INTP1/ESO1
PO3INTP2/ADTRGO
PO4INTP3/ADTRG1
P10/TIPOO/TEVTP1/TOP0OO 5-K Input: Connect independently to Vppg or Vggs via a

resistor
Output: leave open
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Table 2-4: I/O Circuit Types (2/3)

Terminal

1/O circuit type

Recommended termination

P60/TOR10/TTRGR1

5-K

P61/TOR11/TIR10

P62/TOR12/TIR11

P63/TOR13/TIR12

P64/TOR14/TIR13

P65/TOR15

P66/TOR16

P67/TOR17/TEVTR1

P70/TITOO/TEVTT1/TOTOO/TENCTO0O

P71/TITO1/TTRGT1/TOTO1/TENCTO1

P72/TECRTO/INTP12

P73/TIT10/TTRGTO/TOT10/TENCT10

P74/TIT11/TEVTTO/TOT11/TENCT11

P75/TECRT1/AFO

P80/SI30

P81/SO30

P82/SCK30

P83/SCS300/INTP6

P84/SCS301/INTP7

P85/SCS302/INTP8

P86/SCS303/SSB0O

P90/SI31

P91/S031

P92/SCK31

P93/SCS310/INTP9

P94/SCS311/INTP10

P95/SCS312/INTP11

P96/SCS313/SSB1

P100/TCLR1/TICC10/TOP80

P101/TCUD1/TICC11

P102/TIUD1/TO1

Input: Connect independently to Vpps or Vgg3 via a
resistor
Output: leave open

PAHO/A16 to PAH5/A21

PALO/AO to PAL15/A15

PDH0/D16 to PDH15/D31

PDLO/DO to PDL15/D15

PCS0/CS0

PCS1/CS1

PCS3/CS3

PCS4/CS4

PCD2/BENO to PCD5/BEN3

Input: Connect independently to Vppg or Vgg3 via a
resistor
Output: leave open
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Table 2-4: I/O Circuit Types (3/3)

Terminal I/O circuit type Recommended termination
PCT4/RD 5 Input: Connect independently to Vpps or Vggs via a
PCT5/WR resistor
S OMOATT Output: leave open
PCM1
PCM6
PCM7
RESET 2 Pin must be used in the intended way
X1 -
X2 -
MODEO/FLMDO 2
MODE1/FLMD1 2
MODE2 2
DCK 1 Connect independently to Vppg via a resistor
DRST 2- Leave open (on-chip pull-down resistor
DMS 1 Connect independently to Vppg via a resistor
DDI
DDO 3 Leave open (always level output during reset)
ANIOO to ANIO9 7 Connect independently to AVpp or AVgg via a resistor

ANI10 to ANI19

AVRero - Connect independently to AVgg via a resistor
AVREF1

AVpp - Pin must be used in the intended way

AVsso

AVgst

Vop1o 1o Vpp1s

Vss1o 10 Vssis

Vbp3o 10 Vppsz

Vss3o to Vssaz

CVDD

CVSS
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Figure 2-1: Pin I/O Circuits
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2.5 Noise Suppression

The V850E/PH2 has a digital or analog delay circuits for noise suppression on all edge sensitive inputs.
The digital delay circuit suppresses input pulses shorter than the internally generated edge detection
signal to assure the hold time for these signals. The noise suppression is only effective on alternate pin
functions, and it is not effective when the port input function is selected.

Table 2-5: Noise Suppression Timing

Pin Function Noise removal time Clock Source
NMI 4 to 5 clocks fyx/16 or fyx/64
(set by NCRO bit of NRC register)
INTPO, INTP1, ESOO, ESO1 Analog delay (60ns to 200ns)
INTP2 to INTP11, ADTRGO, ADTRGH1 4 to 5 clocks fxx/16 or fyx/64
(set by NCR1 bit of NRC register)
INTP12, 4 to 5 clocks fxx/16 or fyx/64
TICCO0, TICCO1, TCLRO, TCUDO, TIUDO, (set by NCR2 bit of NRC register)

TITOO, TITO1, TIT10, TIT11, TECRTO, TECRT1,
TEVTTO, TEVTT1, TTRGTO, TTRGTT,
TENCTO0, TENCTO1, TENCT10, TENCT11

TIPOO, TIPO1, TIP10, TIP11, 4 to 5 clocks fyx/16 or fyx/64
TEVTPO, TEVTP1, TTRGPO, TTRGP1 (set by NCR3 bit of NRC register)
TIP20, TIP21, TIP30, TIP31, 4t050clocks | fyy/16 o fyy/64
TEVTP2, TEVTP3, TTRGP2, TTRGP3 (set by NCR4 bit of NRC register)
TIP40, TIP41, TIP50, TIP51, 4t05clocks | fyx/16 OF fyy/64
TEVTP4, TEVTPS5, TTRGP4, TTRGP5 (set by NCR5 bit of NRC register)
TIP60, TIP61, TIP70, TIP71, 4t05clocks | fyy/16 or fyy/64
TEVTP6, TEVTP7, TTRGP6, TTRGP7 (set by NCR6 bit of NRC register)
TIR10 to TIR13, TEVTR1, TTRGR1 4105 clocks | fyy/16 o fyy/64

(set by NCR?7 bit of NRC register)
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(1) Noise removal time control register (NRC)

The NRC register specifies the noise removal clock setting for different edge sensitive inputs.

This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Figure 2-2: Noise Removal Time Control Register (1/2)

After reset: OOH R/W Address: FFFFF7AOH
7 6 5 4 3 2 1 0
NRC NCR7 NCR6 NCR5 NCR4 NCR3 NCR2 NCR1 NCRO
NCR7 | Noise removal clock setting for input pins TIR10 to TIR13, TEVTR1, TTRGR1
0 fyx/16
1 fyx/64
NCR6 | Noise removal clock setting for input pins TIP60, TIP61, TIP70, TIP71,
TEVTP6, TEVTP7, TTRGP6, TTRGP7
0 fxx/16
1 fyx/64
NCR5 | Noise removal clock setting for input pins TIP40, TIP41, TIP50, TIP51,
TEVTP4, TEVTP5, TTRGP4, TTRGP5
0 fyx/16
1 fyx/64
NCR4 | Noise removal clock setting for input pins TIP20, TIP21, TIP30, TIP31,
TEVTP2, TEVTP3, TTRGP2, TTRGP3
0 fxx/16
1 fyx/64
NCR3 | Noise removal clock setting for input pins TIPOO, TIPO1, TIP10, TIP11,
TEVTPO, TEVTP1, TTRGPO, TTRGP1
0 fyx/16
1 fyx/64
NCR2 | Noise removal clock setting for input pins INTP12, TICCO00, TICCO01, TCLRO,
TCUDO, TIUDO, TITOO, TITO1, TIT10, TIT11, TECRTO, TECRT1, TEVTTO,
TEVTT1, TTRGTO, TTRGT1, TENCTO00, TENCTO1, TENCT10, TENCT11
0 fxx/16
1 fyx/64
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Figure 2-2: Noise Removal Time Control Register (2/2)

NCR1 | Noise removal clock setting for input pins INTP2 to INTP11, ADTRGO,
ADTRGH1
0 fxx/16
1 fxx/64
NCRO | Noise removal clock setting for NMI input pin
0 fyx/16
1 fyx/64

User’'s Manual U16580EE2VOUDOO




Chapter 3 CPU Functions

The CPU of the V850E/PH2 microcontroller is based on the RISC architecture and executes most
instructions in one clock cycle by using a 5-stage pipeline control.

3.1 Features

e Number of instructions: 96

e Minimum instruction execution time: 15.6 ns (@ 64 MHz operation)

¢ Memory space Program space: 64 MB linear
Data space: 4 GB linear
e General-purpose registers: 32 bits x 32

¢ |[nternal 32-bit architecture
e 5-stage pipeline control
e Multiply/divide instructions (32 bits x 32 bits —64 bits in 1 to 2 clocks)
e Saturated operation instructions
¢ Floating point arithmetic unit (single precision, 32 bits, IEEE754-85 standard)
e 32-bit shift instruction: 1 clock
e Load/store instruction with long/short format
e Four types of bit manipulation instructions
- SET1
- CLR1

- NOT1
- TST1
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3.2 CPU Register Set

The CPU registers of the VB50E/PH2 can be classified into three categories: a general-purpose pro-
gram register set, a dedicated system register set and a dedicated floating point arithmetic register set.
All the registers have 32-bit width.

In addition, the V850E/PH2 contains special system control registers that should be initialized before
CPU operation, and a specific register controlling its clock.

For detailed description of V850E1 core, refer to V850E1 Core Architecture Manual and the
addendum for floating point arithmetic.

Figure 3-1: CPU Register Set

(1) Program register set (2) System register set

31 0 31 0
r0 (Zero register) EIPC (Status saving register during interrupt)

r (Assembler-reserved register) EIPSW (Status saving register during interrupt)
r2

r3 (Stack pointer (SP)) FEPC  (Status saving register during NMI)

r4 (Global pointer (GP)) FEPSW (Status saving register during NMI)
5 (Text pointer (TP))

6
r7

| ECR (Interrrupt source register) |

8

r9 |
r10
r11
r12

r13
14 DBPC  (Status saving register during exception/debug trap)

PSW (Program status word) |

CTPC  (Status saving register during CALLT execution)
CTPSW (Status saving register during CALLT execution)

15 DBPSW (Status saving register during exception/debug trap)

r16
17 CTBP  (CALLT base pointer) |
r18
r19
r20
r21
r22
r23
r24
r25
r26
r27
r28
r29 (3) Floating point arithmetic register set
r30 (Element pointer (EP))
r31 (Link pointer (LP))

31 0
| EFG (Flag register) |

31 0
| PC (Program counter) | ECT (Control register) |
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3.2.1 Program register set

The program register set includes general-purpose registers and a program counter.

(1M

General-purpose registers (r0 to r31)

Thirty-two general-purpose registers, r0 to r31, are available. All of these registers can be used as
a data variable or address variable.

However, r0 and r30 are implicitly used by instructions and care must be exercised when using
these registers. r0 always holds 0 and is used for operations that use 0 or offset 0 addressing. r30
is used as a base pointer when performing memory access with the SLD and SST short
instructions.

Also, r1, r3 to r5, and r31 are implicitly used by the assembler and C compiler. Therefore, before
using these registers, their contents must be saved so that they are not lost, and they must be
restored to the registers after use. There are cases when r2 is used by the real-time OS. If r2 is not
used by the real-time OS, r2 can be used as a variable register.

Table 3-1: Program Registers

Name Usage Operation

r0

Zero register Always holds 0

r1

Assembler-reserved register | Working register for generating 32-bit immediate

r2 Address/data variable register (when r2 is not used by the real-time OS to be used)

r3 Stack pointer Used to generate stack frame when function is called

r4 Global pointer Used to access global variable in data area

r5 Text pointer Register to indicate the start of the text area (area for placing program
code)

r6 to r29 | Address/data variable register

r30 Element pointer Base pointer when memory is accessed
r31 Link pointer Used by compiler when calling function
(2) Program counter (PC)

PC Fixed to O Instruction address under execution

This register holds the address of the instruction under execution. The lower 26 bits of this register
are valid, and bits 31 to 26 are fixed to 0. If a carry occurs from bit 25 to bit 26, it is ignored.
Bit 0 is fixed to 0, and branching to an odd address cannot be performed.

Figure 3-2: Program Counter (PC)

31 26 25 10

After reset
Ly g 00000000H

o
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3.2.2 System register set

System registers control the status of the CPU and hold interrupt information.
Read from and write to system registers are performed by setting the system register numbers shown

below with the system register load/store instructions (LDSR, STSR instructions).

Table 3-2: System Register Numbers

System Register Operand Specification
Enabled for instruction
No. Name Function LDSR STSR
0 EIPC PC value at Interrupt handler entry Note 1 Yes Yes
1 EIPSW | PSW value at Interrupt handler entry Note 1 Yes Yes
2 FEPC PC value at NMI handler entry Yes Yes
3 FEPSW PSW value at NMI handler entry Yes Yes
4 ECR Exception Cause Register No Yes
5 PSW Program status word Yes Yes
6to 15 - Reserved numbers for future function expansion No No
(The operation is not guaranteed if accessed.)
16 CTPC PC value at CALLT subroutine entry Note 2 Yes Yes
17 CTPSW | pSW value at CALLT subroutine entry Note 2 Yes Yes
18 DBPC PC value at exception/debug trap entry Yes Yes
19 DBPSW PSW value at exception/debug trap entry Yes Yes
20 CTBP CALLT base pointer Yes Yes
21 to 31 - Reserved numbers for future function expansion No No
(The operation is not guaranteed if accessed.)

Notes: 1. Since only one set of registers is available, the contents of these registers must be saved by

the program when multiple interrupt servicing is enabled.

2. Since only one set of registers is available, the contents of these registers must be saved by

the program when CALLT instructions nesting is used.

Caution: Even if bit 0 of EIPC, FEPC, or CTPC is set to (1) by the LDSR instruction, bit 0 is
ignored during return with the RETI instruction following interrupt servicing
(because bit 0 of PC is fixed to 0). If setting a value to EIPC, FEPC, and CTPC, set an

even number (bit 0 = 0).
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(M

Interrupt status saving registers (EIPC, EIPSW)

There are two context saving registers, EIPC and EIPSW.

Upon occurrence of a software exception or a maskable interrupt, the content of the program
counter (PC) is saved to EIPC and the content of the program status word (PSW) is saved to
EIPSW (upon occurrence of a non-maskable interrupt (NMI), the contents are saved to the NMI
status saving registers (FEPC, FEPSW)).

The address of the next instruction following the instruction executed when a software exception or
maskable interrupt occurs is saved to EIPC, except for the DIVH instruction (see Chapter
7 ’Interrupt/Exception Processing Function” on page 207).

Since there is only one set of interrupt status saving registers, the contents of these registers must
be saved by the program when multiple interrupt servicing is enabled.

Bits 31 to 26 of EIPC and bits 31 to 8 of EIPSW are reserved (fixed to 0) for future function
expansion.

Figure 3-3: Interrupt Status Saving Registers (EIPC, EIPSW)

31 26 25 0
L N NN SN EN NN B B N RN BN N B R R BN SR R NN BN R B R R R After reset
EIPC ([o0fo0]ofjojofo0 (PC contents) 0xxxxxxxH
(x: Undefined)
31 8 7 0
T T T T T 1 After reset

EIPSW [0f0]oJofojofojojojofojojofofofofofojofojojofofo (PSW contents) 000000xxH

(x: Undefined)

The values of EIPC and EIPSW are restored to PC and PSW during execution of a RETI
instruction.
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(2) NMI status saving registers (FEPC, FEPSW)

There are two NMI status saving registers, FEPC and FEPSW.

Upon occurrence of a non-maskable interrupt (NMI), the content of the program counter (PC) is
saved to FEPC and the content of the program status word (PSW) is saved to FEPSW.

The address of the next instruction following the instruction executed when a non-maskable
interrupt occurs is saved to FEPC, except for the DIVH instruction.

Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved (fixed to 0) for future function

expansion.
Figure 3-4: NMI Status Saving Registers (FEPC, FEPSW)

31 26 25 0
T T T T T T T T T T T T T T T T T T T T T T T 1 Afterreset
FEPC |0]0]0]0f0]0 (PC contents) 0xxxxxxxH
(x: Undefined)

31 8 7 0
I N B After reset
FEPSW [0 fojofoJojofojofojojofojofjofojojofofojojojo]ofo (PSW contents) 000000xxH
(x: Undefined)

The values of FEPC and FEPSW are restored to PC and PSW during execution of a RETI
instruction.

(3) Exception cause register (ECR)

Upon occurrence of an interrupt or an exception, the Exception Cause Register (ECR) holds the
source of the interrupt or the exception. The value held by ECR is an exception code, coded for
each interrupt source. This register is a read-only register, and thus data cannot be written to it
using the LDSR instruction.

Figure 3-5: Interrupt Source Register (ECR)

31 16 15 0

After reset

I I I
ECR FECC 00000000H

Bit position | Bit name Description
31to 16 FECC | Non-maskable interrupt (NMI) exception code

15100 EICC Exception, maskable interrupt exception code

The list of exception codes is tabulated in Table 7-1, “Interrupt/Exception Source List,” on
page 207.
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(4) Program status word (PSW)

The program status word (PSW) is a collection of flags that indicate the program status
(instruction execution result) and the CPU status.

When the contents of this register are changed using the LDSR instruction, the new contents
become valid immediately following completion of the LDSR instruction execution. However, if the
ID flag is set to 1, interrupt request acknowledgement during LDSR instruction execution is
prohibited.
Bits 31 to 8 are reserved (fixed to 0) for future function expansion.

Figure 3-6: Program Status Word (PSW)

31 26 25 8765 43210
1 I I 1 I I 1 1 I I I 1 I I 1 I I I I 1 I
After reset
PSW RFU NP|EP|ID |SAT|CY|OV] S | Z 00000020H
Bit position | Bit name Description
31t08 RFU Reserved field. Fixed to 0.
7 NP Indicates that non-maskable interrupt (NMI) servicing is in progress. This flag is set to
1 when a NMI request is acknowledged, and disables multiple interrupts.
0: NMI servicing not in progress
1: NMI servicing in progress
6 EP Indicates that exception processing is in progress. This flag is set to 1 when an
exception occurs. Moreover, interrupt requests can be acknowledged even when this
bit is set.
0: Exception processing not in progress
1: Exception processing in progress
5 ID Indicates whether maskable interrupt request acknowledgment is enabled.
0: Interrupt enabled
1: Interrupt disabled
4 garNote | Indicates that the result of executing a saturated operation instruction has overflowed
and that the calculation result is saturated. Since this is a cumulative flag, it is set to 1
when the result of a saturated operation instruction becomes saturated, and it is not
cleared to 0 even if the operation results of successive instructions do not become
saturated. This flag is neither set nor cleared when arithmetic operation instructions
are executed.
0: Not saturated
1: Saturated
3 cYy Indicates whether carry or borrow occurred as the result of an operation.
0: No carry or borrow occurred
1: Carry or borrow occurred
2 ovNote | Indicates whether overflow occurred during an operation.
0: No overflow occurred
1: Overflow occurred.
1 gNote Indicates whether the result of an operation is negative.
0: Operation result is positive or 0.
1: Operation result is negative.
0 4 Indicates whether operation result is 0.

0: Operation result is not 0.
1: Operation result is 0.

Note: During saturated operation, the saturated operation results are determined by the contents of
the QV flag and S flag. The SAT flag is set to 1 only when the OV flag is set to 1 during
saturated operation. This is explained on the following table.
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Table 3-3: Saturated Operation Results

Operation result status Flag status Saturated
SAT oV operation result
Maximum positive value exceeded 1 1 0 7FFFFFFFH
Maximum negative value exceeded 1 1 1 80000000H
Positive (maximum value not exceeded) Holds value 0 0 Actual

Negative (maximum value not exceeded) before operation 1 operation result

(5) CALLT execution status saving registers (CTPC, CTPSW)
There are two CALLT execution status saving registers, CTPC and CTPSW.
When the CALLT instruction is executed, the contents of the program counter (PC) are saved to
CTPC, and the program status word (PSW) contents are saved to CTPSW.
The contents saved to CTPC consist of the address of the next instruction after the CALLT

instruction.
Bits 31 to 26 CTPC and bits 31 to 8 of CTPSW are reserved (fixed to 0) for future function
expansion.

Figure 3-7: CALLT Execution Status Saving Registers (CTPC, CTPSW)

31 26 25 0
| N RN R R R B B B RN B N B S R R B RN B BN R R R R R After reset
CTPC |[0f0)0f0]0]0 (PC contents) 0xxxxxxxH
(x: Undefined)

31 8 7 0
T T T T T 1 After reset
CTPSW |0 f0fo]ojofofofofojojojofojojojojofojojojojofofo (PSW contents) 000000xxH
(x: Undefined)

The values of CTPC and CTPSW are restored to PC and PSW during execution of the CTRET
instruction.
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6)

Exception/debug trap status saving registers (DBPC, DBPSW)

There are two exception/debug trap status saving registers, DBPC and DBPSW.

Upon occurrence of an exception trap or debug trap, the contents of the program counter (PC) are
saved to DBPC, and the program status word (PSW) contents are saved to DBPSW.

The contents saved to DBPC consist of the address of the next instruction after the instruction
executed when an exception trap or debug trap occurs.

Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved (fixed to 0) for future function
expansion.

Figure 3-8: Exception/Debug Trap Status Saving Registers (DBPC, DBPSW)

31 26 25 0
L N NN SN EN NN B B N RN BN N B R R BN SR R NN BN R B R R R After reset
DBPC |[0f0]0jo]o0fo0 (PC contents) 0xxxxxxxH
(x: Undefined)

31 8 7 0
T T T T T 7T After reset
DBPSW [0]oJojofojojojofojojojofojojojojojojojojojojojo (PSW contents) 000000xxH
(x: Undefined)

)

The values of DBPC and DBPSW are restored to PC and PSW during execution of the DBRET
instruction.

CALLT base pointer (CTBP)

The CALLT base pointer (CTBP) is used to specify CALLT table start address and generate target
addresses (bit 0 is fixed to 0).
Bits 31 to 26 are reserved (fixed to 0) for future function expansion.

Figure 3-9: CALLT Base Pointer (CTBP)

31 26 25 10
[N N EE NN NN BN BN N B RN I B B S N B B R B B R B R | After reset
CTBP [o0f0j]ojojo]0 (Base address) 0] OxxxxxxxH
(x: Undefined)
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3.2.3 Floating point arithmetic unit register set

The floating point arithmetic unit is provided with one flag register and one control register.

Table 3-4: Floating Point Arithmetic Unit Registers

Name Usage Operation
ECT Control register Sets the operation of the EFG register
EFG Flag register Holds the status of the FPU

(1) Floating point arithmetic control register (ECT)

This register is used for controlling the setting conditions of the TR flag:
TR is a logical OR between all the invalid operations the FPU can detect and each bit of ECT is a
mask bit for each condition.

Figure 3-10: Floating Point Arithmetic Control Register (ECT)

31 131211109 8 7 6 5 4 3 2 1 0
I I 1 I I I 1 I I I 1 1 I I I I I I After reset
ECT RFU ITIZTIVT|UTIPT] O j0fOf O fof0joOfo0 00000000H
Bit position | Bit name Description
311013 RFU Reserved field. Fixed to 0.
12 IT Enables invalid operation detection in the TR value calculation

0: IV is set when an invalid operation is detected
1: IV and TR are set when an invalid operation is detected

11 T Enables zero divide operation detection in the TR value calculation
0: ZD is set when a zero divide operation is detected
1: ZD and TR are set when a zero divide operation is detected

10 VT Enables overflow detection in the TR value calculation
0: VF is set when an overflow is detected
1: VF and TR are set when an overflow is detected

9 uT Enables underflow detection in the TR value calculation
0: UD is set when an underflow is detected
1: UD and TR are set when an underflow is detected

8 PT Enables accuracy fail detection in the TR value calculation
0: PR is set when an accuracy fail is detected
1: PR and TR are set when an accuracy fail is detected

7to0 0 Reserved field. Fixed to 0.
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(2) Floating point arithmetic status register (EFG)

Figure 3-11: Floating Point Arithmetic Status Register (EFG)

14131211109 8 7 6 5 4 3 2 1 0

EFG

After reset

1
RFU Ro{1v {zo|vF{uofPR{ o fo {o TR [0 (0[S |Z | Jooao0ooH

N

Bit position

Bit name

Description

31to 14

RFU

Reserved field. Fixed to 0.

13

RO

Running Operation: indicates whether the floating point arithmetic unit is running
0: operation in progress
1: FPU idle

12

InValid operation: Indicates that an invalid operation has been requested.
0: normal operation
1: invalid operation detected

11

ZD

Zero Divide: Indicates whether a division by 0 has been detected.
0: normal operation
1: division by 0 detected

10

VF

oVerFlow: indicates that the result of executing a floating point operation has
overflowed.

0: no overflow generated

1: overflow generated

ub

Undervalue: indicates that the result of executing a floating point operation has
underflowed.

0: no underflow generated

1: underflow generated

PR

PRecision error: indicates that an accuracy failure occurred.
0: no accuracy failure occurred
1: accuracy failure occurred

7105

Reserved field. Fixed to 0.

TR

This flag summarizes the state of the FPU:
0: normal state
1: abnormal condition detected: one of the bits 13 to 8 is set.
The setting conditions of this flag depends on the ECT register value.

Reserved field. Fixed to 0.

ov

Indicates whether an overflow occurred during floating point to integer conversion
0: no overflow generated
1: overflow generated

Indicates whether floating point operation result is negative.
0: Operation result is not negative.
1: Operation result is negative.

Indicates whether floating point operation result is 0.
0: Operation result is not 0.
1: Operation result is 0.
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3.3 Operating Modes

The V850E/PH2 has the following operating modes.

3.3.1 Operating modes outline

1)

()

Normal operating mode
(a) Single-chip modes 0, 1

Access to the internal ROM is enabled.

In single-chip mode 0, after the system reset is released, each pin related to the bus interface
enters the port mode, program execution branches to the reset entry address of the internal ROM,
and instruction processing starts. By setting the PMCDH, PMCDL, PMCCS, PMCCT, and PMCCM
registers to control mode by instruction, an external device can be connected to the external mem-
ory area.

In single-chip mode 1, after the system reset is released, each pin related to the bus interface
enters the control mode, program execution branches to the external device’s (memory) reset
entry address, and instruction processing starts. The internal ROM area is mapped from address
100000H.

(b) ROM-less mode

After the system reset is released, each pin related to the bus interface enters the control mode,
program execution branches to the external device’s (memory) reset entry address, and
instruction processing starts. Fetching of instructions and data access for internal ROM becomes
impossible.

In ROM-less mode the data bus width is 32 bits.

Flash memory programming mode

In this mode the internal flash memory can be written or erased with an external flash writer, using
the CSIBO or UARTCO as serial interface.

3.3.2 Operation mode specification

The operation mode is specified according to the status of pins MODEO to MODEZ2. In an
application system fix the specification of these pins and do not change them during operation.
Operation is not guaranteed if these pins are changed during operation.

MODE2 | MODE1 | MODEO Mode Remark

L L L Single chip mode 0 Internal ROM area is allocated from
address 00000000H.

L L H Flash memory programming mode CSIB0/IUARTCO selected by
MODEQO pin toggling.

L H L ROM-less mode External 32-bit data bus

L H H Single chip mode 1 Internal ROM area is allocated from
address 00100000H.
External 32-bit data bus

other value than above Setting prohibited

Remark: L: Low-level input
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H: High-level input
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3.4 Address Space

3.4.1 CPU address space

The CPU of the VB50E/PH2 uses a 32-bit architecture and supports up to 4 GB of linear address space
(data space) during operand addressing (data access). When addressing instructions, a linear address
space (program space) of up to 64 MB is supported. However, both the program and data spaces
include areas whose use is prohibited.

For details, refer to Figure 3-13, “Address Space Image,” on page 90.

Figure 3-12 shows the CPU address space.

Figure 3-12: CPU Address Space

CPU address space

FFFFFFFFH
it P Data area
(4 GB linear)
04000000H
03FFFFFFH
Program area
(64 MB linear)
00000000H
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3.4.2 Images

When addressing an instruction address, up to 64 MB of linear address space (program space) and
Internal RAM area are supported.

For operand addressing (data access), up to 4 GB of linear address space (data area) is supported. On
this 4 GB address space, however, 256 MB physical address spaces can be seen as an image.
Therefore, whatever the values of bits 31 to 29 of an address may be, a physical address space of the
same 256 MB is accessed.

Figure 3-13: Address Space Image

CPU address space

FFFFFFFFH .
Image \\\
FO000000H \\\
EFFFFFFFH . S
Image AN
AN - . Physical address space
EO0000000H \\ 7 . FFFFFFFH
N .7 Peripheral |
DFFFFFFFH . N eripheral I/0O
AN T Internal RAM
Image o s N
~~ SN External memory
20000000H
1FFFFFFFH J/ AN Internal ROM 0000000H
Image )/ /// ///
10000000H 2 /)
OFFFFFFFH /
Image )
00000000H ’
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3.4.3 Wrap-around of CPU address space

(1) Program space
Of the 32 bits of the program counter (PC), the higher 6 bits are fixed to 0 and only the lower
26 bits are valid. Even if a carry or borrow occurs from bit 25 to bit 26 as a result of branch address
calculation, the higher 6 bits ignore this and remain 0.
Therefore, the lower-limit address of the program space, 00000000H, and the upper-limit address,
03FFFFFFH, are contiguous addresses, and the program space is wrapped around at the
boundary of these addresses.

Caution: No instructions can be fetched from the 4 KB area of 03FFFO00H to 03FFFFFFH
because this area is a peripheral I/O area. Therefore, do not execute any branch
operation instructions in which the destination address will reside in any part of this
area.

Figure 3-14: Program Space

03FFFFFEH | rogramspace
03FFFFFFH
(+) direction (-) direction
00000000H
00000001H
Program space

(2) Data space

The result of an operand address calculation that exceeds 32 bits is truncated to 32 bits.
Therefore, the lower-limit address of the data space, address 00000000H, and the upper-limit
address, FFFFFFFFH, are contiguous addresses, and the data space is wrapped around at the
boundary of these addresses.

Figure 3-15: Data Space

FFFFFFFEH|  Dat@space
FFFFFFFFH
(+) direction (-) direction
00000000H
00000001H
Data space
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3.4.4 Memory map

Areas are reserved in V850E/PH2 as shown in Figure 3-16. Each mode is specified by the MODEO to
MODE?2 pins.

Notes: 1.

92

xFFFFFFFH

xFFFFOOOH
xFFFEFFFH
xFFF8000H
xFFF7FFFH

xFFFOO00H
xFFEFFFFH

—
-

x4000000H

Single-chip mode 0

Single-chip mode 1

Figure 3-16: Memory Map

ROMIess mode

On-chip peripheral
I/O area

On-chip peripheral
I/O area

On-chip peripheral
I/O area

Access prohibitedNete 2

Internal RAM area

Internal RAM area

Internal RAM area

Access prohibitedNete !

((
))
((

Access prohibitedNote 1

(
))

Access prohibitedNote 1

(

))

x3FFFFFFH

x3FFFO00H

On-chip peripheral
I/O area mirrorNete 2

On-chip peripheral
I/O area mirrorNote2

On-chip peripheral
I/O area mirrorNote2

X3FFEFFFH
X3FF8000H

Access prohibitegNete 3

Access prohibitedNete 3

Access prohibitedNete 3

x3FF7FFFH

x3FFO000H

Internal RAM area
mirror

Internal RAM area
mirror

Internal RAM area
mirror

X3FEFFFFH

x0200000H
x01FFFFFH

x0100000H

Access prohibitedete !

External memory
area

Internal ROM area

XOOFFFFFH

x0000000H

Internal ROM area

External memory
area

External memory
area

Program area
(64 MB)

By setting the PMCAL, PMCAH, PMCDL, PMCDH, PMCCS, PMCCT, and PMCCD port

mode control registers to control mode, this area can be used as external memory area.

2. Accessing addresses 3FFFO00H to 3FFFFFFH is prohibited. Specify addresses FFFFOO0H
to FFFFFFFH to access the on-chip peripheral 1/0.

3. The operation is not guaranteed if an access-prohibited area is accessed.
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3.4.5 Areas

(1M

&)

Internal ROM area

(a) Memory map

1 MB of internal ROM area, addresses 00000H to FFFFFH, is reserved. 512 KB are provided at
addresses 000000H to 07FFFFH as physical internal ROM (flash memory).

Up to 1 MB of internal ROM/internal flash memory area is reserved.
512 KB are provided in the following addresses as physical internal ROM (flash memory).

* In single-chip mode 0: Addresses 000000H to 07FFFFH
(addresses 080000H to OFFFFFH are undefined)

* In single-chip mode 1: Addresses 0100000H to 017FFFFH
(addresses 0180000H to 01FFFFFH are undefined)

Figure 3-17: Internal ROM / Internal Flash Memory Area

Single-chip mode 0 Single-chip mode 1
OFFFFFH 1FFFFFH
-~ Undefined -~ Nt Undefined -

080000H 180000H
07FFFFH 17FFFFH

Internal flash Internal flash

memory area memory area
000000H 100000H

(b) Interrupt/exception table

The V850E/PH2 increases the interrupt response speed by assigning handler addresses corre-
sponding to each interrupt/exception.

This group of handler addresses is called an interrupt/exception table. This table is located in the
internal ROM area. When an interrupt/exception request is acknowledged, execution jumps to the
handler address and the program written in that memory is executed.

For detailed list of the interrupt/exception sources and the corresponding handler addresses,
please refer to Table 7-1, “Interrupt/Exception Source List,” on page 207.

Internal RAM area

An area of 60 KB from FFFO000H to FFFEFFFH is reserved for the internal RAM area.
32 KB are provided at addresses FFFOOO0H to FFF7FFFH as physical internal RAM. The 32 KB
area of 3FFO000H to 3FF7FFFH can be seen as an image of FFFOO00H to FFF7FFFH.
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(3) On-chip peripheral I/O area (SFR area)

A 4 KB area from FFFFOOOH to FFFFFFFH is provided as the on-chip peripheral I/O area.
An image of addresses FFFFOOOH to FFFFFFFH can be seen at addresses 3FFFOOOH to

3FFFFFFHNote,

Note: Addresses 3FFFO00H to 3FFFFFFH are access-prohibited. To access the on-chip peripheral
I/0O, specify addresses FFFFO0OH to FFFFFFFH.

Figure 3-18: On-Chip Peripheral I/O Area

FFFFFFFH

On-chip peripheral I/O area
(4 KB)

FFFFOOOH

Peripheral 1/O registers assigned with functions such as on-chip peripheral /O operation mode
specification and state monitoring are mapped to the on-chip peripheral I/O area. Program fetches
are not allowed in this area.

Cautions: 1. For registers in which byte access is possible, if half-word access is executed,
the higher 8 bits become undefined during a read operation, and the lower 8 bits
of data are written to the register during a write operation. Do not access an 8-bit
register in half-word units.

2. Addresses that are not defined as registers are reserved for future expansion. If
these addresses are accessed, the operation is undefined and not guaranteed.
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3.4.6 Peripheral I/O registers list

Table 3-5: Peripheral I/O Registers (1/14)

Address Symbol Function Register Name R/W/|Bit Units for Manipulation| Reset
1 8 16 | 32
FFFFFOOOH |PAL Port register AL R/W X 0000H
FFFFFOOOH | PALL Port register ALL R/W| x X 00H
FFFFFOO1H |PALH Port register ALH R/W| x X O00H
FFFFFOO2H |PAH Port register AH RW| x X O0H
FFFFFO04H |PDL Port register DL R/W X 0000H
FFFFFO04H |PDLL Port register DLL R/W| x X O00H
FFFFFOO5H |PDLH Port register DLH R/W| x X O0OH
FFFFFOO6H |PDH Port register DH R/W X 0000H
FFFFFOO6H |PDHL Port register DHL R/W| x X O00H
FFFFFOO7H |PDHH Port register DHH R/W| x X O00H
FFFFFOO8H |PCS Port register CS R/W| x X O00H
FFFFFOOAH |PCT Port register CT R/W| x X O00H
FFFFFOOCH |PCM Port register CM R/W| x X 00H
FFFFFOOEH [(PCD Port register CD R/W| x X O00H
FFFFFO20H |PMAL Port mode register AL R/W X FFFFH
FFFFFO20H |PMALL Port mode register ALL R/W| x X FFH
FFFFFO21H |PMALH Port mode register ALH R/W| x X FFH
FFFFF022H |PMAH Port mode register AH R/W| x X FFH
FFFFF024H |PMDL Port mode register DL R/W X FFFFH
FFFFF024H |PMDLL Port mode register DLL R/W| x X FFH
FFFFFO25H |PMDLH Port mode register DLH R/W| x X FFH
FFFFFO26H |PMDH Port mode register DH R/W X FFFFH
FFFFFO026H |PMDHL Port mode register DHL R/W| x X FFH
FFFFF027H |PMDHH Port mode register DHH R/W| x X FFH
FFFFF028H |PMCS Port mode register CS R/W| x X FFH
FFFFFO2AH |PMCT Port mode register CT R/W| x X FFH
FFFFFO2CH |PMCM Port mode register CM R/W| x X FFH
FFFFFO2EH |[PMCD Port mode register CD R/W| x X FFH
FFFFFO40H [PMCAL Port mode control register AL R/W X 0000H
FFFFFO040H |[PMCALL Port mode control register ALL R/W| x X O00H
FFFFF041H |PMCALH Port mode control register ALH R/W| x X O00H
FFFFF042H |PMCAH Port mode control register AH R/W| x X O00H
FFFFF044H |PMCDL Port mode control register DL R/W X 0000H
FFFFF044H |PMCDLL Port mode control register DLL R/W| x X O00H
FFFFFO045H |PMCDLH Port mode control register DLH R/W| x X O00H
FFFFFO46H |PMCDH Port mode control register DH R/W X 0000H
FFFFF046H |PMCDHL Port mode control register DHL R/W| x X O00OH
FFFFF047H |PMCDHH Port mode control register DHH R/W| x X O00H
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Table 3-5: Peripheral I/O Registers (2/14)

Address Symbol Function Register Name R/W/|Bit Units for Manipulation| Reset
1 8 16 | 32
FFFFF048H |PMCCS Port mode control register CS R/W| x X O0H
FFFFFO4AH |PMCCT Port mode control register CT R/W| x X O0H
FFFFFO4CH |PMCCM Port mode control register CM R/W| x X OO0H
FFFFFO4EH |PMCCD Port mode control register CD R/W| x X O0O0H
FFFFFO60H |[CSCO Chip area select control register 0 R/W X 2C11H
FFFFFO62H |CSC1 Chip area select control register 1 R/W X 2C11H
FFFFFO64H |BPC Peripheral area select control register R/W X OFFFH
FFFFFO66H [BSC Bus size configuration register R/W X AAAAH
FFFFFO68H |BEC Endian configuration register R/W X 0000H
FFFFFOBEH |VSWC System wait control register R/W| x X 77H
FFFFF100H [IMRO Interrupt mask register 0 R/W X FFFFH
FFFFF100H [IMROL Interrupt mask register OL R/W| x X FFH
FFFFF101H [IMROH Interrupt mask register OH R/W| x X FFH
FFFFF102H |IMR1 Interrupt mask register 1 R/W X FFFFH
FFFFF102H [IMR1L Interrupt mask register 1L R/W| x X FFH
FFFFF103H [IMR1H Interrupt mask register 1H R/W| x X FFH
FFFFF104H |[IMR2 Interrupt mask register 2 R/W X FFFFH
FFFFF104H [IMR2L Interrupt mask register 2L R/W| x X FFH
FFFFF105H [IMR2H Interrupt mask register 2H R/W| x X FFH
FFFFF106H |IMR3 Interrupt mask register 3 R/W X FFFFH
FFFFF106H [IMR3L Interrupt mask register 3L R/W| x X FFH
FFFFF107H [IMR3H Interrupt mask register 3H R/W| x X FFH
FFFFF108H |[IMR4 Interrupt mask register 4 R/W X FFFFH
FFFFF108H [IMR4L Interrupt mask register 4L R/W| x X FFH
FFFFF109H [IMR4H Interrupt mask register 4H R/W| x X FFH
FFFFF10AH |IMR5 Interrupt mask register 5 R/W X FFFFH
FFFFF10AH|IMR5L Interrupt mask register 5L R/W| x X FFH
FFFFF10BH|IMR5H Interrupt mask register 5H R/W| x X FFH
FFFFF10CH |IMR6 Interrupt mask register 6 R/W X FFFFH
FFFFF10CH|IMR6L Interrupt mask register 6L R/W| x X FFH
FFFFF10DH|IMR6H Interrupt mask register 6H R/W| x X FFH
FFFFF10EH |IMR7 Interrupt mask register 7 R/W X FFFFH
FFFFF10EH|IMR7L Interrupt mask register 7L R/W| x X FFH
FFFFF10FH|IMR7H Interrupt mask register 7H R/W| x X FFH
FFFFF110H |PICO Interrupt control register O R/W| x X 47H
FFFFF112H |PICA Interrupt control register 1 R/W| x X 47H
FFFFF114H |PIC2 Interrupt control register 2 R/W| x X 47H
FFFFF116H |PIC3 Interrupt control register 3 R/W| x X 47H
FFFFF118H |PIC4 Interrupt control register 4 R/W| x X 47H
FFFFF11AH |PIC5 Interrupt control register 5 R/W| x X 47H
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FFFFF11CH |PIC6 Interrupt control register 6 R/W| x X 47H
FFFFF11EH |PIC7 Interrupt control register 7 R/W| x X 47H
FFFFF120H |PICS8 Interrupt control register 8 R/W| x X 47H
FFFFF122H |PIC9 Interrupt control register 9 R/W| x X 47H
FFFFF124H (PIC10 Interrupt control register 10 RW| x X 47H
FFFFF126H |PIC11 Interrupt control register 11 R/W| x X 47H
FFFFF128H |PIC12 Interrupt control register 12 R/W| x X 47H
FFFFF12AH (PIC13 Interrupt control register 13 RW| x X 47H
FFFFF12CH |PIC14 Interrupt control register 14 R/W| x X 47H
FFFFF12EH |PIC15 Interrupt control register 15 R/W| x X 47H
FFFFF130H [PIC16 Interrupt control register 16 RW| x X 47H
FFFFF132H |PIC17 Interrupt control register 17 R/W| x X 47H
FFFFF134H |PIC18 Interrupt control register 18 R/W| x X 47H
FFFFF136H (PIC19 Interrupt control register 19 RW| x X 47H
FFFFF138H [PIC20 Interrupt control register 20 R/W| x X 47H
FFFFF13AH |PIC21 Interrupt control register 21 R/W| x X 47H
FFFFF13CH |PIC22 Interrupt control register 22 R/W| x X 47H
FFFFF13EH [PIC23 Interrupt control register 23 R/W| x X 47H
FFFFF140H |PIC24 Interrupt control register 24 R/W| x X 47H
FFFFF142H |PIC25 Interrupt control register 25 RW| x X 47H
FFFFF144H |PIC26 Interrupt control register 26 R/W| x X 47H
FFFFF146H |PIC27 Interrupt control register 27 R/W| x X 47H
FFFFF148H |PIC28 Interrupt control register 28 RW| x X 47H
FFFFF14AH (PIC29 Interrupt control register 29 R/W| x X 47H
FFFFF14CH |PIC30 Interrupt control register 30 R/W| x X 47H
FFFFF14EH |PIC31 Interrupt control register 31 RW| x X 47H
FFFFF150H [PIC32 Interrupt control register 32 RW| x X 47H
FFFFF152H |PIC33 Interrupt control register 33 R/W| x X 47H
FFFFF154H |PIC34 Interrupt control register 34 R/W| x X 47H
FFFFF156H |PIC35 Interrupt control register 35 R/W| x X 47H
FFFFF158H |PIC36 Interrupt control register 36 R/W| x X 47H
FFFFF15AH |PIC37 Interrupt control register 37 RW| x X 47H
FFFFF15CH (PIC38 Interrupt control register 38 R/W| x X 47H
FFFFF15EH |PIC39 Interrupt control register 39 R/W| x X 47H
FFFFF160H [PIC40 Interrupt control register 40 RW| x X 47H
FFFFF162H |PIC41 Interrupt control register 41 RW| x X 47H
FFFFF164H |PIC42 Interrupt control register 42 R/W| x X 47H
FFFFF166H |PIC43 Interrupt control register 43 RW| x X 47H
FFFFF168H |PIC44 Interrupt control register 44 R/W| x X 47H
FFFFF16AH |PIC45 Interrupt control register 45 R/W| x X 47H
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FFFFF16CH |PIC46 Interrupt control register 46 R/W| x X 47H
FFFFF16EH |PIC47 Interrupt control register 47 R/W| x X 47H
FFFFF170H |[PIC48 Interrupt control register 48 R/W| x X 47H
FFFFF172H |PIC49 Interrupt control register 49 R/W| x X 47H
FFFFF174H |PIC50 Interrupt control register 50 R/W| x X 47H
FFFFF176H |PIC51 Interrupt control register 51 R/W| x X 47H
FFFFF178H |PIC52 Interrupt control register 52 R/W| x X 47H
FFFFF17AH |PIC53 Interrupt control register 53 R/W| x X 47H
FFFFF17CH |PIC54 Interrupt control register 54 R/W| x X 47H
FFFFF17EH |PIC55 Interrupt control register 55 R/W| x X 47H
FFFFF180H |[PIC56 Interrupt control register 56 R/W| x X 47H
FFFFF182H |PIC57 Interrupt control register 57 R/W| x X 47H
FFFFF184H |PIC58 Interrupt control register 58 RW| x X 47H
FFFFF186H [PIC59 Interrupt control register 59 R/W| x X 47H
FFFFF188H |PIC60 Interrupt control register 60 R/W| x X 47H
FFFFF18AH |PIC61 Interrupt control register 61 R/W| x X 47H
FFFFF18CH |PIC62 Interrupt control register 62 R/W| x X 47H
FFFFF18EH |PIC63 Interrupt control register 63 R/W| x X 47H
FFFFF190H |PIC64 Interrupt control register 64 RW| x X 47H
FFFFF192H |PIC65 Interrupt control register 65 R/W| x X 47H
FFFFF194H |[PIC66 Interrupt control register 66 R/W| x X 47H
FFFFF196H |PIC67 Interrupt control register 67 RW| x X 47H
FFFFF198H |[PIC68 Interrupt control register 68 R/W| x X 47H
FFFFF19AH |PIC69 Interrupt control register 69 R/W| x X 47H
FFFFF19CH |PIC70 Interrupt control register 70 R/W| x X 47H
FFFFF19EH |PIC71 Interrupt control register 71 R/W| x X 47H
FFFFF1AOH |PIC72 Interrupt control register 72 R/W| x X 47H
FFFFF1A2H |PIC73 Interrupt control register 73 RW| x X 47H
FFFFF1A4H |PIC74 Interrupt control register 74 R/W| x X 47H
FFFFF1A6H |PIC75 Interrupt control register 75 R/W| x X 47H
FFFFF1A8H |[PIC76 Interrupt control register 76 R/W| x X 47H
FFFFF1AAH |PIC77 Interrupt control register 77 RW| x X 47H
FFFFF1ACH |PIC78 Interrupt control register 78 R/W| x X 47H
FFFFF1AEH |PIC79 Interrupt control register 79 R/W| x X 47H
FFFFF1BOH |PIC80 Interrupt control register 80 R/W| x X 47H
FFFFF1B2H |PIC81 Interrupt control register 81 R/W| x X 47H
FFFFF1B4H |PIC82 Interrupt control register 82 R/W| x X 47H
FFFFF1B6H |PIC83 Interrupt control register 83 RW| x X 47H
FFFFF1B8H |PIC84 Interrupt control register 84 R/W| x X 47H
FFFFF1BAH |PIC85 Interrupt control register 85 R/W| x X 47H
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FFFFF1BCH [PIC86 Interrupt control register 86 R/W| x X 47H
FFFFF1BEH |PIC87 Interrupt control register 87 RW| x X 47H
FFFFF1COH (PIC88 Interrupt control register 88 R/W| x X 47H
FFFFF1C2H [PIC89 Interrupt control register 89 R/W| x X 47H
FFFFF1C4H |PIC90 Interrupt control register 90 R/W| x X 47H
FFFFF1C6H |PIC91 Interrupt control register 91 R/W| x X 47H
FFFFF1C8H [PIC92 Interrupt control register 92 R/W| x X 47H
FFFFF1CAH |PIC93 Interrupt control register 93 R/W| x X 47H
FFFFF1CCH [PIC94 Interrupt control register 94 R/W| x X 47H
FFFFF1CEH |PIC95 Interrupt control register 95 R/W| x X 47H
FFFFF1DOH |PIC96 Interrupt control register 96 R/W| x X 47H
FFFFF1D2H (PIC97 Interrupt control register 97 R/W| x X 47H
FFFFF1D4H (PIC98 Interrupt control register 98 R/W| x X 47H
FFFFF1D6H |PIC99 Interrupt control register 99 R/W| x X 47H
FFFFF1D8H [PIC100 Interrupt control register 100 R/W| x X 47H
FFFFF1DAH [PIC101 Interrupt control register 101 R/W| x X 47H
FFFFF1DCH |PIC102 Interrupt control register 102 R/W| x X 47H
FFFFF1DEH [PIC103 Interrupt control register 103 RW| x X 47H
FFFFF1EOH [PIC104 Interrupt control register 104 R/W| x X 47H
FFFFF1E2H |PIC105 Interrupt control register 105 R/W| x X 47H
FFFFF1FAH |[ISPR Interrupt service priority register R X X O00H
FFFFF1FCH |PRCMD Command register w X undefined
FFFFF200H |ADMOO A/D converter 0 mode register 0 R/W| x X O00H
FFFFF201H |ADMO1 A/D converter 0 mode register 1 R/W| x X O00H
FFFFF202H |ADMO2 A/D converter 0 mode register 2 R/W| x X O00H
FFFFF210H |ADCRO00 A/D conversion result register 00 R X undefined
|FFFFF21 1H|ADCROOH |A/D conversion result register 00H R X undefined
FFFFF212H |ADCRO1 A/D conversion result register 01 R X undefined
|FFFFF213H ADCRO1H |A/D conversion result register 01H R X undefined
FFFFF214H |ADCRO02 A/D conversion result register 02 R X undefined
|FFFFF215H ADCRO2H |A/D conversion result register 02H R X undefined
FFFFF216H |ADCRO03 A/D conversion result register 03 R X undefined
|FFFFF217H ADCRO3H |A/D conversion result register 03H R X undefined
FFFFF218H |ADCRO04 A/D conversion result register 04 R X undefined
|FFFFF219H ADCRO04H |A/D conversion result register 04H R X undefined
FFFFF21AH |ADCRO05 A/D conversion result register 05 R X undefined
|FFFFF21BH ADCRO5H |A/D conversion result register 05H R X undefined
FFFFF21CH |ADCRO06 A/D conversion result register 06 R X undefined
|FFFFF21 DH|ADCRO06H |A/D conversion result register 06H R X undefined
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FFFFF21EH |ADCRO07 A/D conversion result register 07 R X undefined
‘FFFFF21 FH|ADCRO7H |A/D conversion result register 07H R X undefined
FFFFF220H |ADCRO08 A/D conversion result register 08 R X undefined
‘FFFFF221H ADCRO8H |A/D conversion result register 08H R X undefined
FFFFF222H |ADCRO09 A/D conversion result register 09 R X undefined
‘FFFFF223H ADCRO9H | A/D conversion result register 09H R X undefined
FFFFF22EH |ADDMAO A/D conversion result register 0 for DMA R X undefined
FFFFF240H |ADM10 A/D converter 1 mode register 0 R/W| x X O0H
FFFFF241H |ADM11 A/D converter 1 mode register 1 R/W| x X O00H
FFFFF242H |ADM12 A/D converter 1 mode register 2 R/W| x X O0H
FFFFF250H |ADCR10 A/D conversion result register 10 R X undefined
‘FFFFF251H ADCR10H |A/D conversion result register 10H R X undefined
FFFFF252H |ADCR11 A/D conversion result register 11 R X undefined
‘FFFFF253H ADCR11H |A/D conversion result register 11H R X undefined
FFFFF254H |ADCR112 |A/D conversion result register 12 R X undefined
‘FFFFF255H ADCR12H |A/D conversion result register 12H R X undefined
FFFFF256H |ADCR13 A/D conversion result register 13 R X undefined
‘FFFFF257H ADCR13H |A/D conversion result register 13H R X undefined
FFFFF258H |ADCR14 A/D conversion result register 14 R X undefined
‘FFFFF259H ADCR14H |A/D conversion result register 14H R X undefined
FFFFF25AH |ADCR15 A/D conversion result register 15 R X undefined
‘FFFFFQSBH ADCR15H |A/D conversion result register 15H R X undefined
FFFFF25CH |ADCR16 A/D conversion result register 16 R X undefined
‘FFFFF25DH ADCR16H |A/D conversion result register 16H R X undefined
FFFFF25EH |ADCR17 A/D conversion result register 17 R X undefined
‘FFFFF25FH ADCR17H |A/D conversion result register 17H R X undefined
FFFFF260H |ADCR18 A/D conversion result register 18 R X undefined
‘FFFFF261H ADCR18H |A/D conversion result register 18H R X undefined
FFFFF262H |ADCR19 A/D conversion result register 19 R X undefined
‘FFFFF263H ADCR19H |A/D conversion result register 19H R X undefined
FFFFF26EH |ADDMA1 A/D conversion result register 1 for DMA R X undefined
FFFFF270H |ADTRSELO |A/D trigger select register O R/W| x X O0H
FFFFF272H |ADTRSEL1 |A/D trigger select register 1 R/W| x X OO0H
FFFFF300H |MARO Memory transfer start address register 0 | R/W X undefined
FFFFF302H |MAR1 Memory transfer start address register 1 | R/W X undefined
FFFFF304H [MAR2 Memory transfer start address register 2 | R/'W X undefined
FFFFF306H |[MARS3 Memory transfer start address register 3 | R/W X undefined
FFFFF308H |MAR4 Memory transfer start address register 4 | R/W X undefined
FFFFF30AH |MAR5 Memory transfer start address register 5 | R/W X undefined
FFFFF30CH |MAR6 Memory transfer start address register 6 | R/'W X undefined

100

User’'s Manual U16580EE2VOUDOO



Chapter 3 CPU Functions

Table 3-5: Peripheral I/O Registers (7/14)

Address Symbol Function Register Name R/W|Bit Units for Manipulation| Reset
1 8 16 | 32

FFFFF30EH |MAR7 Memory transfer start address register 7 | R/'W X undefined
FFFFF314H |SAR2 SFR transfer start address register 2 R/W| x X undefined
FFFFF316H |SAR3 SFR transfer start address register 3 R/W| x X undefined
FFFFF320H |[DTCRO DMA transfer count register 0 R/W| x X undefined
FFFFF322H |DTCR1 DMA transfer count register 1 R/W| x X undefined
FFFFF324H |DTCR2 DMA transfer count register 2 R/W| x X undefined
FFFFF326H |DTCRS3 DMA transfer count register 3 R/W| x X undefined
FFFFF328H |DTCR4 DMA transfer count register 4 R/W| x X undefined
FFFFF32AH [DTCR5 DMA transfer count register 5 R/W| x X undefined
FFFFF32CH [DTCR6 DMA transfer count register 6 R/W| x X undefined
FFFFF32EH |DTCR7 DMA transfer count register 7 R/W| x X undefined
FFFFF330H |DMAMC DMA mode control register R/W| x X O00H
FFFFF332H |DMAS DMA status register R/W| x X O00H
FFFFF334H |DMADSC DMA data size control register R/W| x X O00H
FFFFF348H |DTFR4 DMA trigger factor register 4 R/W| x X O00H
FFFFF34AH |DTFR5 DMA trigger factor register 5 R/W| x X O00H
FFFFF34CH |DTFR6 DMA trigger factor register 6 R/W| x X O00H
FFFFF34EH |DTFR7 DMA trigger factor register 7 R/W| x X O00H
FFFFF400H |PO Port register 0 R X X undefined
FFFFF402H |P1 Port register 1 R/W| x X undefined
FFFFF404H |P2 Port register 2 R/W| x X undefined
FFFFF406H |P3 Port register 3 R/W| x X undefined
FFFFF408H |P4 Port register 4 R/W| x X undefined
FFFFF40AH |P5 Port register 5 R/W| x X undefined
FFFFF40CH |P6 Port register 6 R/W| x X undefined
FFFFF40EH |P7 Port register 7 RW| x X undefined
FFFFF410H |P8 Port register 8 R/W| x X undefined
FFFFF412H |P9 Port register 9 R/W| x X undefined
FFFFF414H |P10 Port register 10 R/W| x X undefined
FFFFF422H |PM1 Port mode register 1 R/W| x X FFH
FFFFF424H |PM2 Port mode register 2 R/W| x X FFH
FFFFF426H |PM3 Port mode register 3 R/W| x X FFH
FFFFF428H |PM4 Port mode register 4 R/W| x X FFH
FFFFF42AH |PM5 Port mode register 5 R/W| x X FFH
FFFFF42CH |PM6 Port mode register 6 R/W| x X FFH
FFFFF42EH |PM7 Port mode register 7 R/W| x X FFH
FFFFF430H |PM8 Port mode register 8 R/W| x X FFH
FFFFF432H |PM9 Port mode register 9 R/W| x X FFH
FFFFF434H |PM10 Port mode register 10 R/W| x X FFH
FFFFF442H |(PMCA1 Port mode control register 1 R/W| x X O00H
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FFFFF444H |PMC2 Port mode control register 2 R/W| x X O0H
FFFFF446H |[PMCS3 Port mode control register 3 R/W| x X O0H
FFFFF448H |PMC4 Port mode control register 4 R/W| x X OO0H
FFFFF44AH |PMC5 Port mode control register 5 R/W| x X O0O0H
FFFFF44CH |[PMC6 Port mode control register 6 R/W| x X O0H
FFFFF44EH |PMC7 Port mode control register 7 R/W| x X O0H
FFFFF450H |PMC8 Port mode control register 8 R/W| x X O0H
FFFFF452H [PMC9 Port mode control register 9 R/W| x X O00H
FFFFF454H |PMC10 Port mode control register 10 R/W| x X O00H
FFFFF480H |BCTO Bus cycle type configuration register 0 R/W X CCCCH
FFFFF482H |BCT1 Bus cycle type configuration register 1 R/W X CCCCH
FFFFF484H |DWCO Data wait control register 0 R/W X 7777H
FFFFF486H |DWCH1 Data wait control register 1 R/W X 7777H
FFFFF488H |AWC Address wait control register R/W X 0000H
FFFFF48AH |BCC Bus and cycle control register R/W X AAAAH
FFFFF48EH |DVC Bus clock dividing control register R/W X 01H
FFFFF4ACOH |RAMERR iRAM parity error flag register R/W| x X 00H
FFFFF4C2H |RAMPADD |iRAM parity error address register R/W X 8000H
FFFFF580H |TROCTLO TMRO control register 0 R/W| x X O0H
FFFFF581H |TROCTL1 TMRO control register 1 R/W| x X O0H
FFFFF582H |TROIOCO TMRO 1I/O control register 0 R/W| x X O0H
FFFFF585H |TROIOC3 TMRO /O control register 3 R/W| x X OO0H
FFFFF586H |TROIOC4 TMRO /O control register 4 R/W| x X O00H
FFFFF587H |TROOPTO |TMRO option register O RW| x X 00H
FFFFF588H |TROOPT2 |TMRO option register 2 R/W| x X OO0H
FFFFF589H |TROOPT3 |TMRO option register 3 R/W| x X O00H
FFFFF58CH |TROOPT6 |TMRO option register 6 R/W| x X 00H
FFFFF58DH |TROOPT7 | TMRO option register 7 R/W| x X OO0H
FFFFF58EH | TROOPT1 TMRO option register 1 R/W| x X 0000H
FFFFF590H |TROCCR5 |TMRO capture/compare register 5 R/W X 0000H
FFFFF592H |TROCCR4 |TMRO capture/compare register 4 R/W X 0000H
FFFFF598H |TROCCRO |TMRO capture/compare register O R/W X 0000H
FFFFF59AH |TROCCR3 |TMRO capture/compare register 3 R/W X 0000H
FFFFF59CH |TROCCR2 |TMRO capture/compare register 2 R/W X 0000H
FFFFF59EH |TROCCR1 TMRO capture/compare register 1 R/W X 0000H
FFFFF5A0H |TRODTCO |TMRO dead time set register 0 R/W X 0000H
FFFFF5A2H |TRODTCH1 TMRO dead time set register 1 R/W X 0000H
FFFFF5A4H | TROCNT TMRO timer counter read register R/W X 0000H
FFFFF5A6H |TROSBC TMRO timer sub-counter read register R/W X 0000H
FFFFF5COH |TR1CTLO TMR1 control register 0 R/W| x X O0H
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FFFFF5C1H |TR1CTLA1 TMR1 control register 1 R/W| x X O00H
FFFFF5C2H |TR110CO TMR1 1/O control register 0 R/W| x X O00H
FFFFF5C3H |TR110C1 TMR1 I/O control register 1 R/W| x X O00H
FFFFF5C4H |TR110C2 TMR1 1/O control register 2 R/W| x X O00H
FFFFF5C5H |TR110C3 TMR1 1/O control register 3 R/W| x X O00H
FFFFF5C6H |TR110C4 TMR1 I/O control register 4 R/W| x X O00H
FFFFF5C7H |TR1OPTO |TMR1 option register O R/W| x X O00H
FFFFF5C8H |TR10OPT2 |TMR1 option register 2 R/W| x X O00H
FFFFF5C9H |TR1OPT3 |TMR1 option register 3 R/W| x X O00H
FFFFF5CCH |TR10OPT6 |TMR1 option register 6 R/W| x X O00H
FFFFF5CDH |TR10OPT7  |TMR1 option register 7 R/W| x X O00H
FFFFF5CEH |TR10PT1 TMR1 option register 1 R/W| x X 0000H
FFFFF5DOH |TR1CCR5 |TMR1 capture/compare register 5 R/W X 0000H
FFFFF5D2H |TR1CCR4 | TMR1 capture/compare register 4 R/W X 0000H
FFFFF5D8H |TR1CCRO |TMR1 capture/compare register O R/W X 0000H
FFFFF5DAH |TR1CCR3 |TMR1 capture/compare register 3 R/W X 0000H
FFFFF5DCH |TR1CCR2 | TMR1 capture/compare register 2 R/W X 0000H
FFFFF5DEH |TR1CCR1 TMR1 capture/compare register 1 R/W X 0000H
FFFFF5EOH |TR1DTCO |TMR1 dead time set register O R/W X 0000H
FFFFF5E2H |TR1DTC1 TMR1 dead time set register 1 R/W X 0000H
FFFFF5E4H |TR1CNT TMR1 timer counter read register R X 0000H
FFFFF5E6H |TR1SBC TMR1 timer sub-counter read register R X 0000H
FFFFF600H |TPOCTLO TMPO timer control register 0 R/W| x X O00H
FFFFF601H |TPOCTLA TMPO timer control register 1 R/W| x X O00H
FFFFF602H |TPOIOCO TMPO I/O control register 0 R/W| x X O00H
FFFFF603H |TPOIOCH TMPO I/O control register 1 R/W| x X O00H
FFFFF604H |TPOIOC2 TMPO I/O control register 2 R/W| x X 00H
FFFFF605H |TPOOPTO |TMPO option register R/W| x X 00H
FFFFF606H |TPOCCRO |TMPO capture/compare register 0 R/W X 0000H
FFFFF608H |TPOCCR1 TMPO capture/compare register 1 R/W X 0000H
FFFFF60AH |TPOCNT TMPO count register R X 0000H
FFFFF610H |TP1CTLO TMP1 timer control register 0 R/W| x X O00H
FFFFF611H |TP1CTLA TMP1 timer control register 1 R/W| x X O00H
FFFFF612H |TP110CO TMP1 I/O control register 0 R/W| x X O00H
FFFFF613H |TP110CH1 TMP1 I/O control register 1 R/W| x X O00H
FFFFF614H |TP110C2 TMP1 1/O control register 2 RW| x X O00H
FFFFF615H |TP1OPTO |TMP1 option register R/W| x X O00H
FFFFF616H |TP1CCRO |TMP1 capture/compare register 0 R/W X 0000H
FFFFF618H |TP1CCR1 TMP1 capture/compare register 1 R/W X 0000H
FFFFF61AH |TP1CNT TMP1 count register R X 0000H
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FFFFF620H |TP2CTLO TMP2 timer control register 0 R/W| x X O00H
FFFFF621H |TP2CTL1 TMP2 timer control register 1 R/W| x x 00H
FFFFF622H |TP2I0CO TMP2 1/O control register 0 R/W| x X O0O0H
FFFFF623H |TP2I0C1 TMP2 I/O control register 1 R/W| x X O00H
FFFFF624H |TP210C2 TMP2 1/O control register 2 R/W| x X 00H
FFFFF625H |TP20PTO |TMP2 option register R/W| x X O0H
FFFFF626H |TP2CCRO |TMP2 capture/compare register O R/W X 0000H
FFFFF628H |TP2CCR1 TMP2 capture/compare register 1 R/W X 0000H
FFFFF62AH |TP2CNT TMP2 count register R X 0000H
FFFFF630H |TP3CTLO TMPS timer control register 0 R/W| x X O00H
FFFFF631H |TP3CTL1 TMP3 timer control register 1 R/W| x X 00H
FFFFF632H |TP3IOCO TMP3 I/O control register 0 R/W| x X OOH
FFFFF633H |TP3IOC1 TMP3 I/O control register 1 R/W| x X O0H
FFFFF634H |TP3IOC2 TMP3 I/O control register 2 R/W| x X O00H
FFFFF635H |TP30OPTO TMP3 option register R/W| x X OOH
FFFFF636H |TP3CCRO |TMP3 capture/compare register O R/W X 0000H
FFFFF638H |TP3CCR1 TMP3 capture/compare register 1 R/W X 0000H
FFFFF63AH |TP3CNT TMP3 count register R X 0000H
FFFFF640H |TP4CTLO TMP4 timer control register 0 R/W| x X O00H
FFFFF641H |TP4CTL1 TMP4 timer control register 1 R/W| x x 00H
FFFFF642H |TP410CO TMP4 I/O control register 0 RW| x X 00H
FFFFF643H |TP4I0C1 TMP4 I/O control register 1 R/W| x X O0H
FFFFF644H |TP410C2 TMP4 I/O control register 2 R/W| x X O00H
FFFFF645H |TP40OPTO TMP4 option register R/W| x X OOH
FFFFF646H |TP4CCRO |TMP4 capture/compare register O R/W X 0000H
FFFFF648H |TP4CCR1 TMP4 capture/compare register 1 R/W X 0000H
FFFFF64AH |TPACNT TMP4 count register R X 0000H
FFFFF650H |TP5CTLO TMP5 timer control register 0 R/W| x X O0H
FFFFF651H |TP5CTLA TMP5 timer control register 1 R/W| x X O00H
FFFFF652H |TP510C0 TMP5 I/O control register 0 R/W| x X OOH
FFFFF653H |TP5I0C1 TMP5 I/O control register 1 R/W| x X O0H
FFFFF654H |TP510C2 TMP5 I/O control register 2 R/W| x X O0H
FFFFF655H |TP50PTO TMP5 option register R/W| x X OOH
FFFFF656H |TP5CCRO |TMPS5 capture/compare register O R/W X 0000H
FFFFF658H |TP5CCR1 TMP5 capture/compare register 1 R/W X 0000H
FFFFF65AH |TP5CNT TMP5 count register R X 0000H
FFFFF660H |TP6CTLO TMP6 timer control register 0 R/W| x X O00H
FFFFF661H |TP6CTLA TMP6 timer control register 1 R/W| x X O0H
FFFFF662H |TP6IOCO TMP6 I/O control register 0 R/W| x X O00H
FFFFF663H |TP6IOC1 TMP6 I/O control register 1 R/W| x X O00H
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Table 3-5: Peripheral I/O Registers (11/14)

Address Symbol Function Register Name R/W|Bit Units for Manipulation| Reset
1 8 16 | 32
FFFFF664H |TP6IOC2 TMP6 I/O control register 2 R/W| x X O00H
FFFFF665H |TP6OPTO |TMP6 option register R/W| x X O00H
FFFFF666H |TP6CCRO |TMP6 capture/compare register O R/W X 0000H
FFFFF668H |TP6CCR1 TMP6 capture/compare register 1 R/W X 0000H
FFFFF66AH |TP6CNT TMP6 count register R X 0000H
FFFFF670H |TP7CTLO TMP7 timer control register 0 R/W| x X O00H
FFFFF671H |TP7CTLA TMP7 timer control register 1 R/W| x X O00H
FFFFF672H |TP710CO TMP7 I/O control register 0 R/W| x X O00H
FFFFF673H |TP7IOC1 TMP7 1/O control register 1 R/W| x X O00H
FFFFF674H |TP710C2 TMP7 I/O control register 2 R/W| x X O00H
FFFFF675H |TP70PTO TMP7 option register R/W| x X O00H
FFFFF676H |TP7CCRO |TMP7 capture/compare register 0 R/W X 0000H
FFFFF678H |TP7CCR1 TMP7 capture/compare register 1 R/W X 0000H
FFFFF67AH |TP7CNT TMP7 count register R X 0000H
FFFFF680H |TP8CTLO TMP8 timer control register 0 R/W| x X O00H
FFFFF681H |TP8CTL1 TMP8 timer control register 1 R/W| x X 00H
FFFFF682H |TP8IOCO TMP8 I/O control register 0 R/W| x X O00H
FFFFF683H |TP8IOCH TMP8 I/O control register 1 R/W| x X 00H
FFFFF684H |TP8IOC2 TMP8 I/O control register 2 R/W| x X O00H
FFFFF685H |TP8OPTO |TMPS8 option register R/W| x X O00H
FFFFF686H |TP8CCRO |TMP8 capture/compare register 0 R/W X 0000H
FFFFF688H |TP8CCRH1 TMP8 capture/compare register 1 R/W X 0000H
FFFFF68AH |TP8CNT TMP8 count register R X 0000H
FFFFF690H |TTOCTLO TMTO timer control register O R/W| x X O00H
FFFFF691H |TTOCTLA TMTO timer control register 1 R/W| x X 00H
FFFFF692H |TTOCTL2 TMTO timer control register 2 R/W| x X 00H
FFFFF693H |TTOIOCO TMTO I/O control register 0 R/W| x X 00H
FFFFF694H |TTOIOCH TMTO I/O control register 1 R/W| x X O00H
FFFFF695H |TTOIOC2 TMTO I/O control register 2 R/W| x X O00H
FFFFF696H |TTOIOC3 TMTO 1I/O control register 3 R/W| x X 00H
FFFFF697H |TTOOPTO TMTO option register 0 R/W| x X O00H
FFFFF698H |TTOOPT1 TMTO option register 1 R/W| x X O00H
FFFFF699H |TTOOPT2 TMTO option register 2 R/W| x X 00H
FFFFF69AH |TTOCCRO |TMTO capture/compare register O R/W X 0000H
FFFFF69CH |TTOCCR1 TMTO capture/compare register 1 R/W X 0000H
FFFFF6O9EH |TTOCNT TMTO counter read register R X 0000H
FFFFF6AOH |TT1CTLO TMT1 timer control register O R/W| x X 00H
FFFFF6A1H |TT1CTLA TMT1 timer control register 1 R/W| x X O00H
FFFFF6A2H |TT1CTL2 TMT1 timer control register 2 R/W| x X O00H
FFFFF6A3H (TT110C0O TMT1 1/O control register 0 R/W| x X O00H
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Table 3-5: Peripheral I/O Registers (12/14)

Address Symbol Function Register Name R/W/|Bit Units for Manipulation| Reset
1 8 16 | 32

FFFFF6A4H |TT110CH TMT1 1/O control register 1 R/W| x X O0H
FFFFF6A5H |[TT110C2 TMT1 1/O control register 2 R/W| x X O0H
FFFFF6A6H |TT110C3 TMT1 I/O control register 3 R/W| x X OO0H
FFFFF6A7H |TT10PTO TMT1 option register O R/W| x X O0O0H
FFFFF6A8H |TT10PT1 TMT1 option register 1 R/W| x X O0H
FFFFF6A9H |TT10PT2 TMT1 option register 2 R/W| x X O0H
FFFFF6AAH |TT1CCRO |TMT1 capture/compare register 0 R/W X 0000H
FFFFF6ACH |TT1CCR1 TMT1 capture/compare register 1 R/W X 0000H
FFFFF6AEH |TT1CNT TMT1 counter read register R X 0000H
FFFFF6BOH |TMENC10 |Timer ENC10 count register R/W X 0000H
FFFFF6B2H |CM100 Compare register 100 R/W X 0000H
FFFFF6B4H |[CM101 Compare register 101 R/W X 0000H
FFFFF6B6H |[CC100 Capture/Compare register 100 R/W X 0000H
FFFFF6B8H |CC101 Capture/Compare register 101 R/W X 0000H
FFFFF6BAH |[CCR10 Capture/Compare control register 10 R/W| x X OOH
FFFFF6BBH |TUM10 Timer unit mode register 10 R/W| x X O00H
FFFFF6BCH |TMC10 Timer control register 10 R/W| x X O0H
FFFFF6BDH |SESA10 Signal edge selection register 10 R/W| x X O0OH
FFFFF6BEH |PRM10 Prescaler mode register 10 R/W| x X 07H
FFFFF6BFH |STATUS10 |Status register 10 R X X O00H
FFFFF6FOH |TPICO TMP input source control register 0 R/W| x X O0OH
FFFFF6F2H |TPIC1 TMP input source control register 1 R/W| x X OO0H
FFFFF6F4H |TPIC2 TMP input source control register 2 R/W| x X O0H
FFFFF700H [RNG Random number register R X undefined
FFFFF7AOH |NRC Noise removal time control register R/W| x X OO0H
FFFFF802H [PHS Peripheral status register R/W| x X O0H
FFFFF880H |INTMO Interrupt mode register 0 R/W| x X OO0H
FFFFF882H |INTMH1 Interrupt mode register 1 R/W| x X O00H
FFFFF884H [INTM2 Interrupt mode register 2 R/W| x X O00H
FFFFF886H |INTM3 Interrupt mode register 3 R/W| x X OOH
FFFFF888H |PESCS5 Port emergency shut off control register 5 | R'W| % X OO0H
FFFFF88AH |ESOST5 Port emergency shut off status register 5 | R'W| x X O00H
FFFFF88CH |PESC6 Port emergency shut off control register 6 | R'W| x X OOH
FFFFF88EH |ESOST6 Port emergency shut off status register 6 | R'W| x X O0H
FFFFFO990H |TTOTCW Timer TO counter write buffer register R/W X 0000H
FFFFFQAOH |TT1TCW Timer T1 counter write buffer register R/W X 0000H
FFFFFAOOH |UCOCTLO UARTCO control register 0 R/W| x X 10H
FFFFFAO1H |UCOCTLA1 UARTCO control register 1 R/W X O0H
FFFFFAO2H |[UCOCTL2 UARTCO control register 2 R/W X OOH
FFFFFAO3H |UCOOPTO |UARTCO option control register O R/W| x X 14H
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Table 3-5: Peripheral I/O Registers (13/14)

Address Symbol Function Register Name R/W|Bit Units for Manipulation| Reset
1 8 16 | 32

FFFFFAO4H |UCOSTR UARTCO status register R/W| x X 00H
FFFFFAO6H |UCORX UARTCO receive data register R X 01FFH
|FFFFFA06H UCORXL UARTCO receive data register L R X FFH
FFFFFAO8H [(UCOTX UARTCO transmit data register R/W X 01FFH
|FFFFFA08H UCOTXL UARTCO transmit data register L R/W X FFH
FFFFFAOAH |UCOOPT1 UARTCO option control register 1 R/W| x X O00H
FFFFFAOBH |UCOSTR1 |UARTCO status register 1 R | x X 00H
FFFFFA20H |UC1CTLO UARTC1 control register 0 R/W| x X 10H
FFFFFA21H [UC1CTL1 UARTC1 control register 1 R/W X O00H
FFFFFA22H |UC1CTL2 UARTCH1 control register 2 R/W X O00H
FFFFFA23H |UC10PTO |UARTC1 option control register O R/W| x X 14H
FFFFFA24H |UC1STR UARTCH1 status register R/W| x X 00H
FFFFFA26H |UC1RX UARTCH1 receive data register R X 01FFH
|FFFFFA26H UC1RXL UARTC1 receive data register L R X FFH
FFFFFA28H [(UC1TX UARTC1 transmit data register R/W X 01FFH
|FFFFFA28H UC1TXL UARTC1 transmit data register L R/W X FFH
FFFFFA2AH |UC10PT1 UARTC1 option control register 1 R/W| x X O00H
FFFFFA2BH |UC1STR1 UARTCH1 status register 1 R X X 00H
FFFFFDOOH (CBOCTLO CSIBO control register 0 R/W| x X 01H
FFFFFDO1H |CBOCTLA1 CSIBO control register 1 R/W| x X O00H
FFFFFDO2H (CBOCTL2 CSIBO control register 2 R/W X O00H
FFFFFDO3H |CBOSTR CSIBO state register R/W| x X O00H
FFFFFDO4H |CBORX0 CSIBO receive data register R X 0000H
FFFFFDO4H |CBORXOL CSIBO receive data register L R X 00H
FFFFFDO6H |CBOTXOL CSIBO transmit data register L R/W X O00H
FFFFFDO6H |CBOTX0 CSIBO transmit data register R/W X 0000H
FFFFFD20H |CB1CTLO  |CSIB1 control register 0 R/W| x X 01H
FFFFFD21H |CB1CTLA CSIB1 control register 1 R/W| x X O00H
FFFFFD22H |CB1CTL2 CSIB1 control register 2 R/W X O00H
FFFFFD23H |CB1STR CSIB1 state register R/W| x X O00H
FFFFFD24H |CB1RX0 CSIB1 receive data register R X 0000H
FFFFFD24H |CB1RXOL |CSIB1 receive data register L R X O00H
FFFFFD26H |CB1TXOL CSIB1 transmit data register L R/W X O00H
FFFFFD26H |CB1TXO0 CSIB1 transmit data register R/W X 0000H
FFFFFD40H |CSIM30 CSI30 operation mode register R/W| x X O00H
FFFFFD41H |CSIC30 CSI30 clock selection register R/W| x X 07H
FFFFFD42H [SIRB30 CSI30 receive data buffer register R X 0000H
FFFFFD42H |SIRB30L CSI30 receive data buffer register L R X O00H
FFFFFD43H |SIRB30H CSI30 receive data buffer register H R X 00H
FFFFFD44H |SFCS30L CSI30 chip selection CSI buffer register L | R/IW| X X FFH
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Table 3-5: Peripheral I/O Registers (14/14)

Address Symbol Function Register Name R/W/|Bit Units for Manipulation| Reset
1 8 16 | 32
FFFFFD44H |SFCS30 CSI30 chip selection CSI buffer register | R/W X FFFFH
FFFFFD45H |SFCS30H |CSI30 chip selection CSI buffer register H| R X X FFH
FFFFFD46H |SFDB30OL CSI30 transmit data CSI buffer register L | R/'W X O00H
FFFFFD46H |SFDB30 CSI30 transmit data CSI buffer register R/W X 0000H
FFFFFD47H |SFDB30H |CSI30 transmit data CSI buffer register H | R/'W X O0H
FFFFFD48H |SFA30 CSI30 SIBUF state register R/W| x X 20H
FFFFFD49H |CSIL30 CSI30 transfer data length select register | R/IW| x X O0H
FFFFFD4CH |SFN30 CSI30 transfer data number specification | R/W| x X 00H
register
FFFFFD60OH |CSIM31 CSI31 operation mode register R/W| x X O0H
FFFFFD61H |CSIC31 CSI31 clock selection register R/W| x X 07H
FFFFFD62H |SIRB31 CSI31 receive data buffer register R X 0000H
FFFFFD62H |SIRB31L CSI31 receive data buffer register L R X O0H
FFFFFD63H |SIRB31H CSI31 receive data buffer register H R X O0H
FFFFFD64H |SFCS31L CSI31 chip selection CSI buffer register L | R'W| x X FFH
FFFFFD64H |SFCS31 CSI31 chip selection CSI buffer register | R/W X FFFFH
FFFFFD65H |[SFCS31H |CSI31 chip selection CSI buffer register H| R X X FFH
FFFFFD66H |SFDB31L CSI31 transmit data CSI buffer register L | R/'W X OOH
FFFFFD66H |SFDB31 CSI31 transmit data CSI buffer register R/W X 0000H
FFFFFD67H |SFDB31H |CSI31 transmit data CSI buffer register H | R/'W X OO0H
FFFFFD68H |SFA31 CSI31 SIBUF state register R/W| x X 20H
FFFFFD69H |CSIL31 CSI31 transfer data length select register | R'W| x X OOH
FFFFFD6CH |SFN31 CSI31 transfer data number specification | R/W| x X O00H
register

FFFFFDCOH |PRSMO Prescaler mode register 0 R/W| x X OOH
FFFFFDC1H |PRSCMO Prescaler compare register 0 R/W| x X O0H
FFFFFDDOH |PRSM1 Prescaler mode register 1 R/W| x X O0H
FFFFFDD1H |PRSCMA1 Prescaler compare register 1 R/W| x X OOH
FFFFFDEOH |PRSM2 Prescaler mode register 2 R/W| x X OO0H
FFFFFDE1H |PRSCM2 Prescaler compare register 2 R/W| x X O0H
FFFFFEOOH |DMAWCO DMA wait control register 0 R/W| x X 37H
FFFFFEO2H |DMAWCH1 DMA wait control register 1 R/W| x X 07H
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3.4.7 Programmable peripheral I/O area

In the VB50E/PH2, the 16 KB area of x0000H to x3FFFH is provided as a programmable peripheral 1/0
area. In this area, the area between x0000H and x08FFH is used exclusively for the CAN controllers

(CANO, CAN1).

The internal bus of the VB50E/PH2 becomes active when the on-chip peripheral 1/O register area
(FFFFOOOH to FFFFFFFH) or the programmable peripheral 1/O register area (xxxxmOOOH to
xxxxnFFFH) is accessed (m = xx00B, n= xx11B). However, the on-chip peripheral 1/O area is allocated
to the last 4 KB of the programmable peripheral I/O register area. Note that when data is written to this
area, the written contents are reflected on the on-chip peripheral I/O area. Therefore, access to this
area is prohibited. To access the on-chip peripheral I/O area, be sure to specify addresses FFFFOOOH

to FFFFFFFH.

Figure 3-19: Programmable Peripheral I/O Area (Outline)

3FFFFFFH

3FFFO00H
3FFEFFFH

xxxxNFFFH

xxxxMOOOH

0000000H

Peripheral

1/0 register =]

AN

Internal local bus

Programmabl
peripheral
1/0 register

q

\On-chip peripheral
,,,,, I/Carea
Programmable
peripheral
I/O area

x3FFFH
x3000H

X08FFH

Remark: M =xx00B,N=M+ 11B, P=M + 10B

Cautions: 1. Itis recommended to locate the programmable peripheral area in the first

32 Mbyte of the physical memory.

Dedicated area for
CAN controllers

2. The programmable peripheral area is not allowed to overlap the ROM or RAM

areas: BPC must be initialized with a value in the range 0040H to OFFBH.
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(1) Peripheral area selection control register (BPC)
The peripheral area selection control register (BPC) is used to select a programmable peripheral
I/O register area where the registers of the CAN controller are allocated.
This register can be read/written in 16-bit units.

Figure 3-20: Programmable Peripheral Area Control Register BPC

After reset:  0000H R/W Address: FFFFF064H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BPC [Pats| o [PAt3[Pa12|Pa11]PAT0| PA9 | PAS | PA7 | PAG | PAS | PA4 | PA3 | PA2 | PAT [ PAO |

(n=0,1)

PA15 Usage of Programmable Peripheral I/0 Area
0 Disables usage of programmable peripheral 1/0 area
1 Enables usage of programmable peripheral 1/0 area
PA13 to PAO Base address of Programmable Peripheral I/O Area
0000H to 3FFFH | Specifies the base address of the programmable peripheral I/O area
(PA13 to PAO corresponds to A27 to A14, respectively).

Remark: The recommended value of the BPC register to enable the programmable peripheral I/O
area is 87FFH. This setting assigns the programmable peripheral /O area to addresses

from 1FFCOOOH to 1FFFFFFH.

110 User's Manual U16580EE2VOUDOO



Chapter 3 CPU Functions

(2) Registers in the programmable peripheral I/O area

In the following Table 3-6 the addresses shown are offsets in the programmable peripheral 1/0
area, which have to be added to base address set by the BPC register.

Table 3-6: Programmable Peripheral I/O Registers (1/16)

Address Symbol Function Register Name R/W/| Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
0000000H |COGMCTRL CANO global macro control register R/W x |0000H
0000000H |COGMCTRLL |CANO global macro control register L R/W| x X O00H
0000001H |COGMCTRLH |CANO global macro control register H R/W| x X 00H
0000002H |COGMCS CANO global macro clock selection register R/W| x X O00H
0000006H |COGMABT CANO global macro automatic block R/W x |0000H
transmission register
0000006H |COGMABTL CANO global macro automatic block R/W| x X 00H
transmission register L
0000007H |COGMABTH CANO global macro automatic block R/W| x X O00H
transmission register H
0000008H |COGMABTD CANO global macro automatic block R/W| x X 00H
transmission delay register
0000040H |COMASK1L CANO module mask 1 register L R/W x| Undefined
0000042H |COMASK1H CANO module mask 1 register H R/W x| Undefined
0000044H |COMASK2L CANO module mask 2 register L R/W x| Undefined
0000046H |COMASK2H CANO module mask 2 register H R/W x| Undefined
0000048H |COMASK3L CANO module mask 3 register L R/W x| Undefined
000004AH |COMASK3H CANO module mask 3 register H R/W x| Undefined
000004CH |COMASKA4L CANO module mask 4 register L R/W x| Undefined
000004EH |COMASK4H CANO module mask 4 register H R/W x| Undefined
0000050H |COCTRL CANO module control register R/W x |0000H
0000052H |COLEC CANO module last error code register R/W| x X O00H
0000053H |COINFO CANO module information register R X X 00H
0000054H |COERC CANO module error counter R/W x |0000H
0000056H |COIE CANO module interrupt enable register R/W x |0000H
0000056H |COIEL CANO module interrupt enable register L R/W| x X 00H
0000057H |COIEH CANO module interrupt enable register H R/W| x X O00H
0000058H [COINTS CANO module interrupt status register R/W x |0000H
0000058H |COINTSL CANO module interrupt status register L R/W| x X 00H
000005AH |COBRP CANO module bit-rate prescaler register R/W| x X FFH
000005CH [COBTR CANO bit-rate register R/W x |370FH
000005EH  |COLIPT CANO module last in-pointer register R/W X Undefined
0000060H [CORGPT CANO module receive history list get pointer | R/'W x| Undefined
register
0000060H |CORGPTL CANO module receive history list get pointer | R/W| x X 01H
register L
0000062H |COLOPT CANO module last out-pointer register R X Undefined
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Table 3-6: Programmable Peripheral I/O Registers (2/16)

Address Symbol Function Register Name R/W | Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
0000064H |COTGPT CANO module transmit history list get pointer | R/'W x| Undefined
register
0000064H |COTGPTL CANO module transmit history list get pointer | R/\W| x X 01H
register L
0000066H |COTS CANO module time stamp register R/W x |0000H
0000066H |COTSL CANO module time stamp register L R/W| x X O00H
0000067H |COTSH CANO module time stamp register H R/W| x X O00H
0000100H |COMDATAO0100 |CANO message data byte 0 and 1 register 00 | R/'W x| Undefined
0000100H |COMDATA000 |CANO message data byte O register 00 R/W| x X Undefined
0000101H |COMDATA100 |CANO message data byte 1 register 00 R/W| x X Undefined
0000102H |COMDATA2300 |CANO message data byte 2 and 3 register 00 | R/'W x| Undefined
0000102H |COMDATA200 |CANO message data byte 2 register 00 R/W| x X Undefined
0000103H |COMDATA300 |CANO message data byte 3 register 00 R/W| x X Undefined
0000104H |COMDATA4500 |CANO message data byte 4 and 5 register 00 | R/'W x| Undefined
0000104H |COMDATA400 |CANO message data byte 2 register 00 R/W| x X Undefined
0000105H |COMDATA500 |CANO message data byte 3 register 00 R/W| x X Undefined
0000106H |COMDATA6700 |CANO message data byte 6 and 7 register 00 | R/'W x| Undefined
0000106H |COMDATA600 |CANO message data byte 6 register 00 R/W| x X Undefined
0000107H |COMDATA700 |CANO message data byte 7 register 00 R/W| x X Undefined
0000108H |COMDLCO0 CANO message data length code register 00 | R/W| x X Undefined
0000109H |COMCONF00 |CANO message configuration register 00 R/W| x X Undefined
000010AH |COMIDLOO CANO message identifier L register 00 R/W x| Undefined
000010CH |COMIDHO00 CANO message identifier H register 00 R/W x| Undefined
000010EH |COMCTRLOO CANO message control register 00 R/W x| Undefined
0000120H |COMDATA0101 |CANO message data byte 0 and 1 register 01 | R/'W x| Undefined
0000120H |COMDATAO001 CANO message data byte 0 register 01 R/W| x X Undefined
0000121H |COMDATA101 CANO message data byte 1 register 01 R/W| x X Undefined
0000122H |COMDATA2301 |CANO message data byte 2 and 3 register 01 | R/'W x| Undefined
0000122H |COMDATA201 CANO message data byte 2 register 01 R/W| x X Undefined
0000123H |COMDATA301 CANO message data byte 3 register 01 R/W| x X Undefined
0000124H |COMDATA4501 |CANO message data byte 4 and 5 register 01 | R/'W x| Undefined
0000124H |COMDATA401 CANO message data byte 2 register 01 R/W| x X Undefined
0000125H |COMDATA501 CANO message data byte 3 register 01 R/W| x X Undefined
0000126H |COMDATA6701 |CANO message data byte 6 and 7 register 01 | R/'W x| Undefined
0000126H |COMDATAGB01 CANO message data byte 6 register 01 R/W| x X Undefined
0000127H |COMDATA701 CANO message data byte 7 register 01 R/W| x X Undefined
0000128H |COMDLCOf1 CANO message data length code register 01 | R/\W| x X Undefined
0000129H |COMCONFO1 CANO message configuration register 01 R/W| x X Undefined
000012AH |COMIDLO1 CANO message identifier L register 01 R/W x| Undefined
000012CH |COMIDHO1 CANO message identifier H register 01 R/W x| Undefined
000012EH |COMCTRLO1 CANO message control register 01 R/W x| Undefined
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Table 3-6: Programmable Peripheral I/O Registers (3/16)

Address Symbol Function Register Name R/W/| Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset

0000140H |COMDATAO0102 |[CANO message data byte 0 and 1 register 02 | R/W x| Undefined
0000140H |COMDATA002 |CANO message data byte 0 register 02 R/W| x X Undefined
0000141H |COMDATA102 |CANO message data byte 1 register 02 R/W| x X Undefined
0000142H |COMDATA2302 |[CANO message data byte 2 and 3 register 02 | R/W x| Undefined
0000142H |COMDATA202 |CANO message data byte 2 register 02 R/W| x X Undefined
0000143H |COMDATA302 |CANO message data byte 3 register 02 R/W| x X Undefined
0000144H |COMDATA4502 |CANO message data byte 4 and 5 register 02 | R/W x| Undefined
0000144H |COMDATA402 |CANO message data byte 2 register 02 R/W| x X Undefined
0000145H |COMDATA502 |CANO message data byte 3 register 02 R/W| x X Undefined
0000146H |COMDATA6702 |CANO message data byte 6 and 7 register 02 | R/W x| Undefined
0000146H |COMDATA602 |CANO message data byte 6 register 02 R/W| x X Undefined
0000147H |COMDATA702 |CANO message data byte 7 register 02 R/W| x X Undefined
0000148H |COMDLCO2 CANO message data length code register 02 | R/W| x X Undefined
0000149H |COMCONF02 |CANO message configuration register 02 R/W| x X Undefined
000014AH |COMIDLO2 CANO message identifier L register 02 R/W x| Undefined
000014CH |COMIDHO02 CANO message identifier H register 02 R/W x| Undefined
000014EH |COMCTRLO02 CANO message control register 02 R/W x| Undefined
0000160H |COMDATA0103 |[CANO message data byte 0 and 1 register 03 | R/W x| Undefined
0000160H |COMDATA003 |CANO message data byte O register 03 R/W| x X Undefined
0000161H |COMDATA103 |CANO message data byte 1 register 03 R/W| x X Undefined
0000162H |COMDATA2303 |[CANO message data byte 2 and 3 register 03 | R/W x| Undefined
0000162H |COMDATA203 |CANO message data byte 2 register 03 R/W| x X Undefined
0000163H |COMDATA303 |CANO message data byte 3 register 03 R/W| x X Undefined
0000164H |COMDATA4503 |CANO message data byte 4 and 5 register 03 | R/W x| Undefined
0000164H |COMDATA403 |CANO message data byte 2 register 03 R/W| x X Undefined
0000165H |COMDATA503 |CANO message data byte 3 register 03 R/W| x X Undefined
0000166H |COMDATA6703 |CANO message data byte 6 and 7 register 03 | R/W x| Undefined
0000166H |COMDATA603 |CANO message data byte 6 register 03 R/W| x X Undefined
0000167H |COMDATA703 |CANO message data byte 7 register 03 R/W| x X Undefined
0000168H |COMDLCO3 CANO message data length code register 03 | R/W| x X Undefined
0000169H |COMCONF03 |CANO message configuration register 03 R/W| x X Undefined
000016AH |COMIDLO3 CANO message identifier L register 03 R/W x| Undefined
000016CH |COMIDHO3 CANO message identifier H register 03 R/W x| Undefined
000016EH |COMCTRLO3 CANO message control register 03 R/W x| Undefined
0000180H |COMDATA0104 |CANO message data byte 0 and 1 register 04 | R/'W x| Undefined
0000180H |COMDATA004 |CANO message data byte O register 04 R/W| x X Undefined
0000181H |COMDATA104 |CANO message data byte 1 register 04 R/W| x X Undefined
0000182H |COMDATA2304 |CANO message data byte 2 and 3 register 04 | R/W x| Undefined
0000182H |COMDATA204 |CANO message data byte 2 register 04 R/W| x X Undefined
0000183H |COMDATA304 |CANO message data byte 3 register 04 R/W| x X Undefined
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Table 3-6: Programmable Peripheral I/O Registers (4/16)

Address Symbol Function Register Name R/W | Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
0000184H |COMDATA4504 |CANO message data byte 4 and 5 register 04 | R/'W x| Undefined
0000184H |COMDATA404 |CANO message data byte 2 register 04 R/W| x X Undefined
0000185H |COMDATA504 |CANO message data byte 3 register 04 R/W| x X Undefined
0000186H |COMDATA6704 |CANO message data byte 6 and 7 register 04 | R/'W x| Undefined
0000186H |COMDATA604 |CANO message data byte 6 register 04 R/W| x X Undefined
0000187H |COMDATA704 |CANO message data byte 7 register 04 R/W| x X Undefined
0000188H |COMDLCO04 CANO message data length code register 04 | R/W| x X Undefined
0000189H |COMCONF04 |CANO message configuration register 04 R/W| x X Undefined
000018AH |COMIDLO4 CANO message identifier L register 04 R/W x| Undefined
000018CH |COMIDHO4 CANO message identifier H register 04 R/W x| Undefined
000018EH |COMCTRLO4 CANO message control register 04 R/W x| Undefined
00001A0OH |COMDATA0105 |CANO message data byte 0 and 1 register 05 | R/'W x| Undefined
00001A0OH |COMDATA005 |CANO message data byte O register 05 R/W| x X Undefined
00001A1H |COMDATA105 |CANO message data byte 1 register 05 R/W| x X Undefined
00001A2H |COMDATA2305 |CANO message data byte 2 and 3 register 05 | R/'W x| Undefined
00001A2H |COMDATA205 |CANO message data byte 2 register 05 R/W| x X Undefined
00001A3H |[COMDATA305 |CANO message data byte 3 register 05 R/W| x X Undefined
00001A4H |COMDATA4505 |CANO message data byte 4 and 5 register 05 | R/'W x| Undefined
00001A4H |COMDATA405 |CANO message data byte 2 register 05 R/W| x X Undefined
00001A5H |COMDATA505 |CANO message data byte 3 register 05 R/W| x X Undefined
00001A6H |COMDATA6705 |CANO message data byte 6 and 7 register 05 | R/'W x| Undefined
00001A6H |COMDATA605 |CANO message data byte 6 register 05 R/W| x X Undefined
00001A7H |COMDATA705 |CANO message data byte 7 register 05 R/W| x X Undefined
00001A8H |COMDLCO5 CANO message data length code register 05 | R/\W| x X Undefined
00001A9H |COMCONF05 |CANO message configuration register 05 R/W| x X Undefined
00001AAH |COMIDLO5 CANO message identifier L register 05 R/W x| Undefined
00001ACH |COMIDHO5 CANO message identifier H register 05 R/W x| Undefined
00001AEH |COMCTRLO5 CANO message control register 05 R/W x| Undefined
00001COH |COMDATAO0106 |CANO message data byte 0 and 1 register 06 | R/'W x| Undefined
00001COH |[COMDATA006 |CANO message data byte O register 06 R/W| x X Undefined
00001C1H |[COMDATA106 |CANO message data byte 1 register 06 R/W| x X Undefined
00001C2H |COMDATA2306 |CANO message data byte 2 and 3 register 06 | R/'W x| Undefined
00001C2H |[COMDATA206 |CANO message data byte 2 register 06 R/W| x X Undefined
00001C3H |[COMDATA306 |CANO message data byte 3 register 06 R/W| x X Undefined
00001C4H |COMDATA4506 |CANO message data byte 4 and 5 register 06 | R/'W x| Undefined
00001C4H |[COMDATA406 |CANO message data byte 2 register 06 R/W| x X Undefined
00001C5H |[COMDATA506 |CANO message data byte 3 register 06 R/W| x X Undefined
00001C6H |COMDATA6706 |CANO message data byte 6 and 7 register 06 | R/'W x| Undefined
00001C6H |[COMDATA606 |CANO message data byte 6 register 06 R/W| x X Undefined
00001C7H |[COMDATA706 |CANO message data byte 7 register 06 R/W| x X Undefined
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Table 3-6: Programmable Peripheral I/O Registers (5/16)

Address Symbol Function Register Name R/W/| Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset

00001C8H |COMDLCO06 CANO message data length code register 06 | R/W| x X Undefined
00001C9H |COMCONF06 |CANO message configuration register 06 R/W| x X Undefined
00001CAH |COMIDLO6 CANO message identifier L register 06 R/W x| Undefined
00001CCH |COMIDHO6 CANO message identifier H register 06 R/W x| Undefined
00001CEH |COMCTRLO6 CANO message control register 06 R/W x| Undefined
00001EOH |COMDATA0107 |CANO message data byte 0 and 1 register 07 | R/'W x| Undefined
00001EOH |COMDATA007 |CANO message data byte O register 07 R/W| x X Undefined
00001E1H |COMDATA107 |CANO message data byte 1 register 07 R/W| x X Undefined
00001E2H |COMDATA2307 |CANO message data byte 2 and 3 register 07 | R/'W x| Undefined
00001E2H |COMDATA207 |CANO message data byte 2 register 07 R/W| x X Undefined
00001E3H |COMDATA307 |CANO message data byte 3 register 07 R/W| x X Undefined
00001E4H |COMDATA4507 |CANO message data byte 4 and 5 register 07 | R/W x| Undefined
00001E4H |COMDATA407 |CANO message data byte 2 register 07 R/W| x X Undefined
00001E5H |COMDATA507 |CANO message data byte 3 register 07 R/W| x X Undefined
00001E6H |COMDATA6707 |CANO message data byte 6 and 7 register 07 | R/W x| Undefined
00001E6H |COMDATA607 |CANO message data byte 6 register 07 R/W| x X Undefined
00001E7H |COMDATA707 |CANO message data byte 7 register 07 R/W| x X Undefined
00001E8H |COMDLCO7 CANO message data length code register 07 | R/W| x X Undefined
00001E9H |COMCONF07 |CANO message configuration register 07 R/W| x X Undefined
00001EAH |COMIDLO7 CANO message identifier L register 07 R/W x| Undefined
00001ECH |COMIDHO7 CANO message identifier H register 07 R/W x | Undefined
00001EEH |COMCTRLO7 CANO message control register 07 R/W x| Undefined
0000200H |COMDATAO0108 |CANO message data byte 0 and 1 register 08 | R/W x| Undefined
0000200H |COMDATA008 |CANO message data byte O register 08 R/W| x X Undefined
0000201H |COMDATA108 |CANO message data byte 1 register 08 R/W| x X Undefined
0000202H |COMDATA2308 |CANO message data byte 2 and 3 register 08 | R/W x| Undefined
0000202H |COMDATA208 |CANO message data byte 2 register 08 R/W| x X Undefined
0000203H |COMDATA308 |CANO message data byte 3 register 08 R/W| x X Undefined
0000204H |COMDATA4508 |CANO message data byte 4 and 5 register 08 | R/W x| Undefined
0000204H |COMDATA408 |CANO message data byte 2 register 08 R/W| x X Undefined
0000205H |COMDATA508 |CANO message data byte 3 register 08 R/W| x X Undefined
0000206H |COMDATA6708 |CANO message data byte 6 and 7 register 08 | R/W x| Undefined
0000206H |COMDATAB08 |CANO message data byte 6 register 08 R/W| x X Undefined
0000207H |COMDATA708 |CANO message data byte 7 register 08 R/W| x X Undefined
0000208H |COMDLCO8 CANO message data length code register 08 | R/W| x X Undefined
0000209H |COMCONF08 |CANO message configuration register 08 R/W| x X Undefined
000020AH (COMIDLO8 CANO message identifier L register 08 R/W x| Undefined
000020CH |COMIDHO8 CANO message identifier H register 08 R/W x| Undefined
000020EH |COMCTRLO08 CANO message control register 08 R/W x| Undefined
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Table 3-6: Programmable Peripheral I/O Registers (6/16)

Address Symbol Function Register Name R/W | Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
0000220H |COMDATAO0109 |CANO message data byte 0 and 1 register 09 | R/'W x| Undefined
0000220H |COMDATA009 |CANO message data byte O register 09 R/W| x X Undefined
0000221H |COMDATA109 |CANO message data byte 1 register 09 R/W| x X Undefined
0000222H |COMDATA2309 |CANO message data byte 2 and 3 register 09 | R/'W x| Undefined
0000222H |COMDATA209 |CANO message data byte 2 register 09 R/W| x X Undefined
0000223H |COMDATA309 |CANO message data byte 3 register 09 R/W| x X Undefined
0000224H |COMDATA4509 |CANO message data byte 4 and 5 register 09 | R/'W x| Undefined
0000224H |COMDATA409 |CANO message data byte 2 register 09 R/W| x X Undefined
0000225H |COMDATA509 |CANO message data byte 3 register 09 R/W| x X Undefined
0000226H |COMDATA6709 |CANO message data byte 6 and 7 register 09 | R/'W x| Undefined
0000226H |COMDATA609 |CANO message data byte 6 register 09 R/W| x X Undefined
0000227H |COMDATA709 |CANO message data byte 7 register 09 R/W| x X Undefined
0000228H |COMDLCO09 CANO message data length code register 09 | R/W| x X Undefined
0000229H |COMCONF09 |CANO message configuration register 09 R/W| x X Undefined
000022AH |COMIDLO9 CANO message identifier L register 09 R/W x| Undefined
000022CH |COMIDHO09 CANO message identifier H register 09 R/W x| Undefined
000022EH |COMCTRLO09 CANO message control register 09 R/W x| Undefined
0000240H |COMDATA0110 |CANO message data byte 0 and 1 register 10 | R/'W x| Undefined
0000240H |[COMDATA010 |CANO message data byte O register 10 R/W| x X Undefined
0000241H |COMDATA110 |CANO message data byte 1 register 10 R/W| x X Undefined
0000242H |COMDATA2310 |CANO message data byte 2 and 3 register 10 | R/'W x| Undefined
0000242H |COMDATA210 |CANO message data byte 2 register 10 R/W| x X Undefined
0000243H |COMDATA310 |CANO message data byte 3 register 10 R/W| x X Undefined
0000244H |COMDATA4510 |CANO message data byte 4 and 5 register 10 | R/'W x| Undefined
0000244H |COMDATA410 |CANO message data byte 2 register 10 R/W| x X Undefined
0000245H |COMDATA510 |CANO message data byte 3 register 10 R/W| x X Undefined
0000246H |COMDATA6710 |CANO message data byte 6 and 7 register 10 | R/'W x| Undefined
0000246H |COMDATA610 |CANO message data byte 6 register 10 R/W| x X Undefined
0000247H |COMDATA710 |CANO message data byte 7 register 10 R/W| x X Undefined
0000248H |COMDLC10 CANO message data length code register 10 | R/\W| x X Undefined
0000249H |COMCONF10 |CANO message configuration register 10 R/W| x X Undefined
000024AH |COMIDL10 CANO message identifier L register 10 R/W x| Undefined
000024CH |COMIDH10 CANO message identifier H register 10 R/W x| Undefined
000024EH |COMCTRL10 CANO message control register 10 R/W x| Undefined
0000260H |COMDATAO111 |CANO message data byte 0 and 1 register 11 | R/'W x| Undefined
0000260H |COMDATAO11 CANO message data byte 0 register 11 R/W| x X Undefined
0000261H |COMDATA111 CANO message data byte 1 register 11 R/W| x X Undefined
0000262H |COMDATA2311 |CANO message data byte 2 and 3 register 11 | R/'W x| Undefined
0000262H |COMDATA211 CANO message data byte 2 register 11 R/W| x X Undefined
0000263H |COMDATA311 CANO message data byte 3 register 11 R/W| x X Undefined
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Table 3-6: Programmable Peripheral I/O Registers (7/16)

Address Symbol Function Register Name R/W/| Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset

0000264H |COMDATA4511 |CANO message data byte 4 and 5 register 11 | R/'W x| Undefined
0000264H |COMDATA411 CANO message data byte 2 register 11 R/W| x X Undefined
0000265H |COMDATA511 CANO message data byte 3 register 11 R/W| x X Undefined
0000266H |COMDATA6711 |CANO message data byte 6 and 7 register 11 | R/W x| Undefined
0000266H |COMDATA611 CANO message data byte 6 register 11 R/W| x X Undefined
0000267H |COMDATA711 CANO message data byte 7 register 11 R/W| x X Undefined
0000268H |COMDLC11 CANO message data length code register 11 | R/W| x X Undefined
0000269H |COMCONF11 CANO message configuration register 11 R/W| x X Undefined
000026AH |COMIDL11 CANO message identifier L register 11 R/W x| Undefined
000026CH |COMIDH11 CANO message identifier H register 11 R/W x| Undefined
000026EH |COMCTRL11 CANO message control register 11 R/W x| Undefined
0000280H |COMDATAO0112 |CANO message data byte 0 and 1 register 12 | R/'W x| Undefined
0000280H |COMDATA012 |CANO message data byte O register 12 R/W| x X Undefined
0000281H |COMDATA112 |CANO message data byte 1 register 12 R/W| x X Undefined
0000282H |COMDATA2312 |CANO message data byte 2 and 3 register 12 | R/'W x| Undefined
0000282H |COMDATA212 |CANO message data byte 2 register 12 R/W| x X Undefined
0000283H |COMDATA312 |CANO message data byte 3 register 12 R/W| x X Undefined
0000284H |COMDATA4512 |CANO message data byte 4 and 5 register 12 | R/'W x| Undefined
0000284H |COMDATA412 |CANO message data byte 2 register 12 R/W| x X Undefined
0000285H |COMDATA512 |CANO message data byte 3 register 12 R/W| x X Undefined
0000286H |COMDATA6712 |CANO message data byte 6 and 7 register 12 | R/'W x | Undefined
0000286H |COMDATA612 |CANO message data byte 6 register 12 R/W| x X Undefined
0000287H |COMDATA712 |CANO message data byte 7 register 12 R/W| x X Undefined
0000288H |COMDLC12 CANO message data length code register 12 | R/W| X X Undefined
0000289H |COMCONF12 |CANO message configuration register 12 R/W| x X Undefined
000028AH (COMIDL12 CANO message identifier L register 12 R/W x| Undefined
000028CH |COMIDH12 CANO message identifier H register 12 R/W x| Undefined
000028EH |COMCTRL12 CANO message control register 12 R/W x| Undefined
00002A0H |COMDATAO0113 |[CANO message data byte 0 and 1 register 13 | R/'W x| Undefined
00002A0H |COMDATA013 |CANO message data byte O register 13 R/W| x X Undefined
00002A1H |COMDATA113 |CANO message data byte 1 register 13 R/W| x X Undefined
00002A2H |COMDATA2313 |[CANO message data byte 2 and 3 register 13 | R/'W x| Undefined
00002A2H |COMDATA213 |CANO message data byte 2 register 13 R/W| x X Undefined
00002A3H |COMDATA313 |CANO message data byte 3 register 13 R/W| x X Undefined
00002A4H |COMDATA4513 |CANO message data byte 4 and 5 register 13 | R/\W x| Undefined
00002A4H |COMDATA413 |CANO message data byte 2 register 13 R/W| x X Undefined
00002A5H |COMDATA513 |CANO message data byte 3 register 13 R/W| x X Undefined
00002A6H |COMDATA6713 |CANO message data byte 6 and 7 register 13 | R/'W x| Undefined
00002A6H |COMDATA613 |CANO message data byte 6 register 13 R/W| x X Undefined
00002A7H |COMDATA713 |CANO message data byte 7 register 13 R/W| x X Undefined
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Table 3-6: Programmable Peripheral I/O Registers (8/16)

Address Symbol Function Register Name R/W | Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
00002A8H |COMDLC13 CANO message data length code register 13 | R/W| x X Undefined
00002A9H |COMCONF13 |CANO message configuration register 13 R/W| x X Undefined
00002AAH |COMIDL13 CANO message identifier L register 13 R/W x| Undefined
00002ACH |COMIDH13 CANO message identifier H register 13 R/W x| Undefined
00002AEH |COMCTRL13 CANO message control register 13 R/W x| Undefined
00002COH |COMDATA0114 |CANO message data byte 0 and 1 register 14 | R/'W x| Undefined
00002C0OH [COMDATA014 |CANO message data byte O register 14 R/W| x X Undefined
00002C1H |[COMDATA114 |CANO message data byte 1 register 14 R/W| x X Undefined
00002C2H |COMDATA2314 |CANO message data byte 2 and 3 register 14 | R/'W x| Undefined
00002C2H |[COMDATA214 |CANO message data byte 2 register 14 R/W| x X Undefined
00002C3H |[COMDATA314 |CANO message data byte 3 register 14 R/W| x X Undefined
00002C4H |COMDATA4514 |CANO message data byte 4 and 5 register 14 | R/'W x| Undefined
00002C4H |[COMDATA414 |CANO message data byte 2 register 14 R/W| x X Undefined
00002C5H |[COMDATA514 |CANO message data byte 3 register 14 R/W| x X Undefined
00002C6H |COMDATA6714 |CANO message data byte 6 and 7 register 14 | R/'W x| Undefined
00002C6H |[COMDATA614 |CANO message data byte 6 register 14 R/W| x X Undefined
00002C7H |[COMDATA714 |CANO message data byte 7 register 14 R/W| x X Undefined
00002C8H |COMDLC14 CANO message data length code register 14 | R/\W| x X Undefined
00002C9H |COMCONF14 |CANO message configuration register 14 R/W| x X Undefined
00002CAH |COMIDL14 CANO message identifier L register 14 R/W x| Undefined
00002CCH |COMIDH14 CANO message identifier H register 14 R/W x| Undefined
00002CEH |COMCTRL14 CANO message control register 14 R/W x| Undefined
00002EOH |COMDATAO0115 |CANO message data byte 0 and 1 register 15 | R/'W x| Undefined
00002EOH |[COMDATA015 |CANO message data byte O register 15 R/W| x X Undefined
00002E1H |COMDATA115 |CANO message data byte 1 register 15 R/W| x X Undefined
00002E2H |COMDATA2315 |CANO message data byte 2 and 3 register 15 | R/'W x| Undefined
00002E2H |[COMDATA215 |CANO message data byte 2 register 15 R/W| x X Undefined
00002E3H |COMDATA315 |CANO message data byte 3 register 15 R/W| x X Undefined
00002E4H |COMDATA4515 |CANO message data byte 4 and 5 register 15 | R/'W x| Undefined
00002E4H |COMDATA415 |CANO message data byte 2 register 15 R/W| x X Undefined
00002E5H |[COMDATA515 |CANO message data byte 3 register 15 R/W| x X Undefined
00002E6H |COMDATA6715 |CANO message data byte 6 and 7 register 15 | R/'W x| Undefined
00002E6H |COMDATA615 |CANO message data byte 6 register 15 R/W| x X Undefined
00002E7H |COMDATA715 |CANO message data byte 7 register 15 R/W| x X Undefined
00002E8H |COMDLC15 CANO message data length code register 15 | R/W| x X Undefined
00002E9H |COMCONF15 |CANO message configuration register 15 R/W| x X Undefined
00002EAH |COMIDL15 CANO message identifier L register 15 R/W x| Undefined
00002ECH |COMIDH15 CANO message identifier H register 15 R/W x| Undefined
00002EEH |COMCTRL15 CANO message control register 15 R/W x| Undefined
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Table 3-6: Programmable Peripheral I/O Registers (9/16)

Address Symbol Function Register Name R/W/| Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
0000600H |C1GMCTRL CANT1 global macro control register R/W x |0000H
0000600H |[C1GMCTRLL |CAN1 global macro control register L R/W| x X O00H
0000601H |[C1GMCTRLH |CANT1 global macro control register H R/W| x X O00H
0000602H |[C1GMCS CANT1 global macro clock selection register R/W| x X O00H
0000606H |C1GMABT CANT1 global macro automatic block R/W x |0000H
transmission register
0000606H |C1GMABTL CAN?1 global macro automatic block R/W| x X O00H
transmission register L
0000607H |C1GMABTH CANT1 global macro automatic block R/W| x X O00H
transmission register H
0000608H |C1GMABTD CAN?1 global macro automatic block R/W| x X O00H
transmission delay register
0000640H |C1MASK1L CAN1 module mask 1 register L R/W x| Undefined
0000642H |C1MASK1H CAN1 module mask 1 register H R/W x| Undefined
0000644H |C1MASK2L CAN1 module mask 2 register L R/W x| Undefined
0000646H |C1MASK2H CAN1 module mask 2 register H R/W x| Undefined
0000648H |C1MASK3L CAN1 module mask 3 register L R/W x| Undefined
000064AH |C1MASK3H CAN1 module mask 3 register H R/W x| Undefined
000064CH |C1MASKA4L CAN1 module mask 4 register L R/W x| Undefined
000064EH |C1MASK4H CAN1 module mask 4 register H R/W x| Undefined
0000650H |C1CTRL CAN1 module control register R/W x |0000H
0000652H |C1LEC CAN1 module last error code register R/W| x X O00H
0000653H |C1INFO CAN1 module information register R X X 00H
0000654H |C1ERC CAN1 module error counter R/W x |0000H
0000656H |C1IE CAN1 module interrupt enable register R/W x |0000H
0000656H |C1IEL CAN1 module interrupt enable register L R/W| x X 00H
0000657H |C1IEH CAN1 module interrupt enable register H R/W| x X O00H
0000658H |C1INTS CAN1 module interrupt status register R/W x |0000H
0000658H |[C1INTSL CAN1 module interrupt status register L R/W| x X 00H
000065AH |C1BRP CAN1 module bit-rate prescaler register R/W| x X FFH
000065CH |C1BTR CANT1 bit-rate register R/W x |370FH
000065EH  |C1LIPT CAN1 module last in-pointer register R/W X Undefined
0000660H [C1RGPT CAN1 module receive history list get pointer | R/'W x| Undefined
register
0000660H |C1RGPTL CAN1 module receive history list get pointer | R/'W| x X 01H
register L
0000662H |C1LOPT CAN1 module last out-pointer register R X Undefined
0000664H |C1TGPT CAN1 module transmit history list get pointer | R/W x| Undefined
register
0000664H |C1TGPTL CAN1 module transmit history list get pointer | R/W| x X 01H
register L
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Address Symbol Function Register Name R/W | Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
0000666H |C1TS CAN1 module time stamp register R/W x |0000H
0000666H |[C1TSL CAN1 module time stamp register L R/W| x X O00H
0000667H |C1TSH CAN1 module time stamp register H R/W| x X O00H
0000700H |C1MDATAO0100 |CAN1 message data byte 0 and 1 register 00 | R/'W x| Undefined
0000700H |[C1MDATA000 |CAN1 message data byte O register 00 R/W| x X Undefined
0000701H |C1MDATA100 |CAN1 message data byte 1 register 00 R/W| x X Undefined
0000702H |C1MDATA2300 |[CAN1 message data byte 2 and 3 register 00 | R/'W x| Undefined
0000702H |C1MDATA200 |CAN1 message data byte 2 register 00 R/W| x X Undefined
0000703H |C1MDATA300 |CAN1 message data byte 3 register 00 R/W| x X Undefined
0000704H |C1MDATA4500 |CAN1 message data byte 4 and 5 register 00 | R/'W x| Undefined
0000704H |[C1MDATA400 |CAN1 message data byte 2 register 00 R/W| x X Undefined
0000705H |[C1MDATA500 |CAN1 message data byte 3 register 00 R/W| x X Undefined
0000706H |C1MDATA6700 |CAN1 message data byte 6 and 7 register 00 | R/'W x| Undefined
0000706H |C1MDATA600 |CAN1 message data byte 6 register 00 R/W| x X Undefined
0000707H |C1MDATA700 |CAN1 message data byte 7 register 00 R/W| x X Undefined
0000708H |C1MDLCO00 CAN1 message data length code register 00 | R/W| x X Undefined
0000709H |C1MCONF00 |CAN1 message configuration register 00 R/W| x X Undefined
000070AH |C1MIDLOO CAN1 message identifier L register 00 R/W x| Undefined
000070CH |C1MIDHO0 CAN1 message identifier H register 00 R/W x| Undefined
000070EH |C1MCTRLOO CAN1 message control register 00 R/W x| Undefined
0000720H |C1MDATA0101 |CAN1 message data byte 0 and 1 register 01 | R/'W x| Undefined
0000720H |C1MDATAO001 CAN1 message data byte 0 register 01 R/W| x X Undefined
0000721H |C1MDATA101 CAN1 message data byte 1 register 01 R/W| x X Undefined
0000722H |C1MDATA2301 |CAN1 message data byte 2 and 3 register 01 | R/'W x| Undefined
0000722H |C1MDATA201 CAN1 message data byte 2 register 01 R/W| x X Undefined
0000723H |C1MDATA301 CAN1 message data byte 3 register 01 R/W| x X Undefined
0000724H |C1MDATA4501 |CAN1 message data byte 4 and 5 register 01 | R/'W x| Undefined
0000724H |C1MDATA401 CAN1 message data byte 2 register 01 R/W| x X Undefined
0000725H |C1MDATA501 CAN1 message data byte 3 register 01 R/W| x X Undefined
0000726H |C1MDATA6701 |CAN1 message data byte 6 and 7 register 01 | R/'W x| Undefined
0000726H |C1MDATA601 CAN1 message data byte 6 register 01 R/W| x X Undefined
0000727H |C1MDATA701 CAN1 message data byte 7 register 01 R/W| x X Undefined
0000728H |C1MDLCO1 CAN1 message data length code register 01 | R/W| x X Undefined
0000729H |C1MCONFO1 CAN1 message configuration register 01 R/W| x X Undefined
000072AH |C1MIDLO1 CAN1 message identifier L register 01 R/W x| Undefined
000072CH |C1MIDHO1 CAN1 message identifier H register 01 R/W x| Undefined
000072EH |C1MCTRLO1 CAN1 message control register 01 R/W x| Undefined
0000740H |C1MDATA0102 |CAN1 message data byte 0 and 1 register 02 | R/'W x| Undefined
0000740H |[C1MDATA002 |CAN1 message data byte O register 02 R/W| x X Undefined
0000741H |C1MDATA102 |CAN1 message data byte 1 register 02 R/W| x X Undefined
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Address Symbol Function Register Name R/W/| Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset

0000742H |C1MDATA2302 |[CAN1 message data byte 2 and 3 register 02 | R/'W x| Undefined
0000742H |C1MDATA202 |CAN1 message data byte 2 register 02 R/W| x X Undefined
0000743H |C1MDATA302 |CAN1 message data byte 3 register 02 R/W| x X Undefined
0000744H |C1MDATA4502 |CAN1 message data byte 4 and 5 register 02 | R/W x| Undefined
0000744H |C1MDATA402 |CAN1 message data byte 2 register 02 R/W| x X Undefined
0000745H |C1MDATA502 |CAN1 message data byte 3 register 02 R/W| x X Undefined
0000746H |C1MDATA6702 |CAN1 message data byte 6 and 7 register 02 | R/W x| Undefined
0000746H |C1MDATA602 |CAN1 message data byte 6 register 02 R/W| x X Undefined
0000747H |C1MDATA702 |CAN1 message data byte 7 register 02 R/W| x X Undefined
0000748H |C1MDLCO02 CAN1 message data length code register 02 | R/W| x X Undefined
0000749H |C1MCONF02 |CAN1 message configuration register 02 R/W| x X Undefined
000074AH |C1MIDLO2 CAN1 message identifier L register 02 R/W x| Undefined
000074CH |C1MIDHO2 CAN1 message identifier H register 02 R/W x| Undefined
000074EH |C1MCTRLO02 CAN1 message control register 02 R/W x| Undefined
0000760H |C1MDATA0103 |[CAN1 message data byte 0 and 1 register 03 | R/W x| Undefined
0000760H |C1MDATA003 |CAN1 message data byte O register 03 R/W| x X Undefined
0000761H |C1MDATA103 |CAN1 message data byte 1 register 03 R/W| x X Undefined
0000762H |C1MDATA2303 |[CAN1 message data byte 2 and 3 register 03 | R/W x| Undefined
0000762H |C1MDATA203 |CAN1 message data byte 2 register 03 R/W| x X Undefined
0000763H |C1MDATA303 |CAN1 message data byte 3 register 03 R/W| x X Undefined
0000764H |C1MDATA4503 |[CAN1 message data byte 4 and 5 register 03 | R/W x| Undefined
0000764H |C1MDATA403 |CAN1 message data byte 2 register 03 R/W| x X Undefined
0000765H |C1MDATA503 |CAN1 message data byte 3 register 03 R/W| x X Undefined
0000766H |C1MDATA6703 |CAN1 message data byte 6 and 7 register 03 | R/W x| Undefined
0000766H |C1MDATA603 |CAN1 message data byte 6 register 03 R/W| x X Undefined
0000767H |C1MDATA703 |CAN1 message data byte 7 register 03 R/W| x X Undefined
0000768H |C1MDLCO3 CAN1 message data length code register 03 | R/W| x X Undefined
0000769H |C1MCONF03 |CAN1 message configuration register 03 R/W| x X Undefined
000076AH (C1MIDLO3 CAN1 message identifier L register 03 R/W x| Undefined
000076CH |C1MIDHO3 CAN1 message identifier H register 03 R/W x| Undefined
000076EH |C1MCTRLO3 CAN1 message control register 03 R/W x| Undefined
0000780H |C1MDATA0104 |[CAN1 message data byte 0 and 1 register 04 | R/W x| Undefined
0000780H |C1MDATA004 |CAN1 message data byte O register 04 R/W| x X Undefined
0000781H |C1MDATA104 |CAN1 message data byte 1 register 04 R/W| x X Undefined
0000782H |C1MDATA2304 |[CAN1 message data byte 2 and 3 register 04 | R/'W x| Undefined
0000782H |C1MDATA204 |CAN1 message data byte 2 register 04 R/W| x X Undefined
0000783H |C1MDATA304 |CAN1 message data byte 3 register 04 R/W| x X Undefined
0000784H |C1MDATA4504 |CAN1 message data byte 4 and 5 register 04 | R/W x| Undefined
0000784H |C1MDATA404 |CAN1 message data byte 2 register 04 R/W| x X Undefined
0000785H |C1MDATA504 |CAN1 message data byte 3 register 04 R/W| x X Undefined
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Table 3-6: Programmable Peripheral I/O Registers (12/16)

Address Symbol Function Register Name R/W | Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
0000786H |C1MDATA6704 |CAN1 message data byte 6 and 7 register 04 | R/'W x| Undefined
0000786H |[C1MDATA604 |CAN1 message data byte 6 register 04 R/W| x X Undefined
0000787H |C1MDATA704 |CAN1 message data byte 7 register 04 R/W| x X Undefined
0000788H |C1MDLCO04 CAN1 message data length code register 04 | R/W| x X Undefined
0000789H |C1MCONF04 |CAN1 message configuration register 04 R/W| x X Undefined
000078AH |C1MIDLO4 CAN1 message identifier L register 04 R/W x| Undefined
000078CH |C1MIDHO4 CAN1 message identifier H register 04 R/W x| Undefined
000078EH |C1MCTRLO4 CAN1 message control register 04 R/W x| Undefined
00007A0H |C1MDATA0105 |CAN1 message data byte 0 and 1 register 05 | R/'W x| Undefined
00007A0H |[C1MDATA005 |CAN1 message data byte O register 05 R/W| x X Undefined
00007A1H |[C1MDATA105 |CAN1 message data byte 1 register 05 R/W| x X Undefined
00007A2H |C1MDATA2305 |CAN1 message data byte 2 and 3 register 05 | R/'W x| Undefined
00007A2H |[C1MDATA205 |CAN1 message data byte 2 register 05 R/W| x X Undefined
00007A3H |[C1MDATA305 |CAN1 message data byte 3 register 05 R/W| x X Undefined
00007A4H |C1MDATA4505 |CAN1 message data byte 4 and 5 register 05 | R/'W x| Undefined
00007A4H |[C1MDATA405 |CAN1 message data byte 2 register 05 R/W| x X Undefined
00007A5H |C1MDATA505 |CAN1 message data byte 3 register 05 R/W| x X Undefined
00007A6H |C1MDATA6705 |CAN1 message data byte 6 and 7 register 05 | R/'W x| Undefined
00007A6H |[C1MDATA605 |CAN1 message data byte 6 register 05 R/W| x X Undefined
00007A7H |C1MDATA705 |CAN1 message data byte 7 register 05 R/W| x X Undefined
00007A8H |C1MDLCO05 CAN1 message data length code register 05 | R/'W| x X Undefined
00007A9H |C1IMCONF05 |CAN1 message configuration register 05 R/W| x X Undefined
00007AAH |C1MIDLO5 CAN1 message identifier L register 05 R/W x| Undefined
00007ACH |C1MIDHO05 CAN1 message identifier H register 05 R/W x| Undefined
00007AEH |C1MCTRLO5 CAN1 message control register 05 R/W x| Undefined
00007COH |C1MDATA0106 |CAN1 message data byte 0 and 1 register 06 | R/'W x| Undefined
00007COH [C1MDATA006 |CAN1 message data byte O register 06 R/W| x X Undefined
00007C1H |[C1MDATA106 |CAN1 message data byte 1 register 06 R/W| x X Undefined
00007C2H |C1MDATA2306 |CAN1 message data byte 2 and 3 register 06 | R/'W x| Undefined
00007C2H |[C1MDATA206 |CAN1 message data byte 2 register 06 R/W| x X Undefined
00007C3H [C1MDATA306 |CAN1 message data byte 3 register 06 R/W| x X Undefined
00007C4H |C1MDATA4506 |CAN1 message data byte 4 and 5 register 06 | R/'W x| Undefined
00007C4H |[C1MDATA406 |CAN1 message data byte 2 register 06 R/W| x X Undefined
00007C5H |[C1MDATA506 |CAN1 message data byte 3 register 06 R/W| x X Undefined
00007C6H |C1MDATA6706 |CAN1 message data byte 6 and 7 register 06 | R/'W x| Undefined
00007C6H |[C1MDATA606 |CAN1 message data byte 6 register 06 R/W| x X Undefined
00007C7H |[C1MDATA706 |CAN1 message data byte 7 register 06 R/W| x X Undefined
00007C8H |C1MDLCO06 CAN1 message data length code register 06 | R/W| x X Undefined
00007C9H |C1IMCONF06 |CAN1 message configuration register 06 R/W| x X Undefined
00007CAH |C1MIDLO6 CAN1 message identifier L register 06 R/W x| Undefined
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Table 3-6: Programmable Peripheral I/O Registers (13/16)

Address Symbol Function Register Name R/W/| Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset

00007CCH |C1MIDHO6 CAN1 message identifier H register 06 R/W x| Undefined
00007CEH |C1MCTRLO6 CAN1 message control register 06 R/W x| Undefined
00007EOH |C1MDATA0107 |CAN1 message data byte 0 and 1 register 07 | R/'W x| Undefined
00007EOH |C1MDATA007 |CAN1 message data byte O register 07 R/W| x X Undefined
00007E1H |C1MDATA107 |CAN1 message data byte 1 register 07 R/W| x X Undefined
00007E2H |C1MDATA2307 |CAN1 message data byte 2 and 3 register 07 | R/'W x| Undefined
00007E2H |C1MDATA207 |CAN1 message data byte 2 register 07 R/W| x X Undefined
00007E3H |C1MDATA307 |CAN1 message data byte 3 register 07 R/W| x X Undefined
00007E4H |C1MDATA4507 |CAN1 message data byte 4 and 5 register 07 | R/'W x| Undefined
00007E4H |C1MDATA407 |CAN1 message data byte 2 register 07 R/W| x X Undefined
00007E5H |C1MDATA507 |CAN1 message data byte 3 register 07 R/W| x X Undefined
00007E6H |C1MDATA6707 |CAN1 message data byte 6 and 7 register 07 | R/W x| Undefined
00007E6H |C1MDATA607 |CAN1 message data byte 6 register 07 R/W| x X Undefined
00007E7H |C1MDATA707 |CAN1 message data byte 7 register 07 R/W| x X Undefined
00007E8H |C1MDLCO7 CAN1 message data length code register 07 | R/W| X X Undefined
00007E9H |C1MCONF07 |CAN1 message configuration register 07 R/W| x X Undefined
00007EAH |C1MIDLO7 CAN1 message identifier L register 07 R/W x| Undefined
00007ECH |C1MIDHO7 CAN1 message identifier H register 07 R/W x| Undefined
00007EEH |[C1MCTRLO7 CAN1 message control register 07 R/W x| Undefined
0000800H |C1MDATA0108 [CAN1 message data byte 0 and 1 register 08 | R/W x| Undefined
0000800H |C1MDATA008 |CAN1 message data byte O register 08 R/W| x X Undefined
0000801H |C1MDATA108 |CAN1 message data byte 1 register 08 R/W| x X Undefined
0000802H |C1MDATA2308 |[CAN1 message data byte 2 and 3 register 08 | R/W x| Undefined
0000802H |C1MDATA208 |CAN1 message data byte 2 register 08 R/W| x X Undefined
0000803H |C1MDATA308 |CAN1 message data byte 3 register 08 R/W| x X Undefined
0000804H |C1MDATA4508 |CAN1 message data byte 4 and 5 register 08 | R/W x| Undefined
0000804H |C1MDATA408 |CAN1 message data byte 2 register 08 R/W| x X Undefined
0000805H |C1MDATA508 |CAN1 message data byte 3 register 08 R/W| x X Undefined
0000806H |C1MDATA6708 |CAN1 message data byte 6 and 7 register 08 | R/W x| Undefined
0000806H |C1MDATAB608 |CAN1 message data byte 6 register 08 R/W| x X Undefined
0000807H |C1MDATA708 |CAN1 message data byte 7 register 08 R/W| x X Undefined
0000808H |C1MDLCO8 CAN1 message data length code register 08 | R/W| x X Undefined
0000809H |C1MCONF08 |CAN1 message configuration register 08 R/W| x X Undefined
000080AH (C1MIDLO8 CAN1 message identifier L register 08 R/W x| Undefined
000080CH |C1MIDHO8 CAN1 message identifier H register 08 R/W x| Undefined
000080EH |C1MCTRLO8 CAN1 message control register 08 R/W x| Undefined
0000820H |C1MDATA0109 [CAN1 message data byte 0 and 1 register 09 | R/W x| Undefined
0000820H |C1MDATA009 |CAN1 message data byte O register 09 R/W| x X Undefined
0000821H |C1MDATA109 |CAN1 message data byte 1 register 09 R/W| x X Undefined
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Table 3-6: Programmable Peripheral I/O Registers (14/16)

Address Symbol Function Register Name R/W | Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
0000822H |C1MDATA2309 |CAN1 message data byte 2 and 3 register 09 | R/'W x| Undefined
0000822H |C1MDATA209 |CAN1 message data byte 2 register 09 R/W| x X Undefined
0000823H |C1MDATA309 |CAN1 message data byte 3 register 09 R/W| x X Undefined
0000824H |C1MDATA4509 |CAN1 message data byte 4 and 5 register 09 | R/'W x| Undefined
0000824H |[C1MDATA409 |CAN1 message data byte 2 register 09 R/W| x X Undefined
0000825H |C1MDATA509 |CAN1 message data byte 3 register 09 R/W| x X Undefined
0000826H |C1MDATA6709 |CAN1 message data byte 6 and 7 register 09 | R/'W x| Undefined
0000826H |C1MDATA609 |CAN1 message data byte 6 register 09 R/W| x X Undefined
0000827H |C1MDATA709 |CAN1 message data byte 7 register 09 R/W| x X Undefined
0000828H |C1MDLCO09 CAN1 message data length code register 09 | R/W| x X Undefined
0000829H |C1MCONF09 |CAN1 message configuration register 09 R/W| x X Undefined
000082AH |C1MIDL0O9 CAN1 message identifier L register 09 R/W x| Undefined
000082CH |C1MIDHO09 CAN1 message identifier H register 09 R/W x| Undefined
000082EH |C1MCTRLO09 CAN1 message control register 09 R/W x| Undefined
0000840H |C1MDATA0110 |CAN1 message data byte 0 and 1 register 10 | R/'W x| Undefined
0000840H |[C1MDATA010 |CAN1 message data byte O register 10 R/W| x X Undefined
0000841H |[C1MDATA110 |CAN1 message data byte 1 register 10 R/W| x X Undefined
0000842H |C1MDATA2310 |CAN1 message data byte 2 and 3 register 10 | R/'W x| Undefined
0000842H |[C1MDATA210 |CAN1 message data byte 2 register 10 R/W| x X Undefined
0000843H |[C1MDATA310 |CAN1 message data byte 3 register 10 R/W| x X Undefined
0000844H |C1MDATA4510 |CAN1 message data byte 4 and 5 register 10 | R/'W x| Undefined
0000844H |[C1MDATA410 |CAN1 message data byte 2 register 10 R/W| x X Undefined
0000845H |[C1MDATA510 |CAN1 message data byte 3 register 10 R/W| x X Undefined
0000846H |C1MDATA6710 |CAN1 message data byte 6 and 7 register 10 | R/'W x| Undefined
0000846H |[C1MDATA610 |CAN1 message data byte 6 register 10 R/W| x X Undefined
0000847H |C1MDATA710 |CAN1 message data byte 7 register 10 R/W| x X Undefined
0000848H |C1MDLC10 CAN1 message data length code register 10 | R/'W| x X Undefined
0000849H |C1MCONF10 |CAN1 message configuration register 10 R/W| x X Undefined
000084AH |C1MIDL10 CAN1 message identifier L register 10 R/W x| Undefined
000084CH |C1MIDH10 CAN1 message identifier H register 10 R/W x| Undefined
000084EH |C1MCTRL10 CAN1 message control register 10 R/W x| Undefined
0000860H |C1MDATAO111 |CAN1 message data byte 0 and 1 register 11 | R/'W x| Undefined
0000860H |C1MDATAO11 CAN1 message data byte 0 register 11 R/W| x X Undefined
0000861H |C1MDATA111 CAN1 message data byte 1 register 11 R/W| x X Undefined
0000862H |C1MDATA2311 |CAN1 message data byte 2 and 3 register 11 | R/'W x| Undefined
0000862H |C1MDATA211 CAN1 message data byte 2 register 11 R/W| x X Undefined
0000863H |C1MDATA311 CAN1 message data byte 3 register 11 R/W| x X Undefined
0000864H |C1MDATA4511 |CAN1 message data byte 4 and 5 register 11 | R/'W x| Undefined
0000864H |C1MDATA411 CAN1 message data byte 2 register 11 R/W| x X Undefined
0000865H |C1MDATA511 CAN1 message data byte 3 register 11 R/W| x X Undefined
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Table 3-6: Programmable Peripheral I/O Registers (15/16)

Address Symbol Function Register Name R/W/| Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset

0000866H |C1MDATA6711 |CAN1 message data byte 6 and 7 register 11 | R/W x| Undefined
0000866H |C1MDATA611 CAN1 message data byte 6 register 11 R/W| x X Undefined
0000867H |C1MDATA711 CAN1 message data byte 7 register 11 R/W| x X Undefined
0000868H |C1MDLC11 CAN1 message data length code register 11 | R/W| x X Undefined
0000869H |C1MCONF11 CAN1 message configuration register 11 R/W| x X Undefined
000086AH |C1MIDL11 CAN1 message identifier L register 11 R/W x| Undefined
000086CH |[C1MIDH11 CAN1 message identifier H register 11 R/W x| Undefined
000086EH |C1MCTRL11 CAN1 message control register 11 R/W x| Undefined
0000880H [C1MDATA0112 |CAN1 message data byte 0 and 1 register 12 | R/'W x| Undefined
0000880H |C1MDATA012 |CAN1 message data byte O register 12 R/W| x X Undefined
0000881H |C1MDATA112 |CAN1 message data byte 1 register 12 R/W| x X Undefined
0000882H |C1MDATA2312 |CAN1 message data byte 2 and 3 register 12 | R/'W x| Undefined
0000882H |C1MDATA212 |CAN1 message data byte 2 register 12 R/W| x X Undefined
0000883H |C1MDATA312 |CAN1 message data byte 3 register 12 R/W| x X Undefined
0000884H |C1MDATA4512 |CAN1 message data byte 4 and 5 register 12 | R/'W x| Undefined
0000884H |C1MDATA412 |CAN1 message data byte 2 register 12 R/W| x X Undefined
0000885H |C1MDATA512 |CAN1 message data byte 3 register 12 R/W| x X Undefined
0000886H |C1MDATA6712 |CAN1 message data byte 6 and 7 register 12 | R/'W x | Undefined
0000886H |C1MDATA612 |CAN1 message data byte 6 register 12 R/W| x X Undefined
0000887H |C1MDATA712 |CAN1 message data byte 7 register 12 R/W| x X Undefined
0000888H |C1MDLC12 CAN1 message data length code register 12 | R/W| x X Undefined
0000889H |C1MCONF12 |CAN1 message configuration register 12 R/W| x X Undefined
000088AH [C1MIDL12 CAN1 message identifier L register 12 R/W x| Undefined
000088CH |C1MIDH12 CAN1 message identifier H register 12 R/W x| Undefined
000088EH [C1MCTRL12 CAN1 message control register 12 R/W x| Undefined
00008A0H |C1MDATA0113 [CAN1 message data byte 0 and 1 register 13 | R/'W x| Undefined
00008A0H |C1MDATA013 |CAN1 message data byte O register 13 R/W| x X Undefined
00008A1H |C1MDATA113 |CAN1 message data byte 1 register 13 R/W| x X Undefined
00008A2H |C1MDATA2313 |[CAN1 message data byte 2 and 3 register 13 | R/'W x| Undefined
00008A2H |C1MDATA213 |CAN1 message data byte 2 register 13 R/W| x X Undefined
00008A3H |C1MDATA313 |CAN1 message data byte 3 register 13 R/W| x X Undefined
00008A4H |C1MDATA4513 |CAN1 message data byte 4 and 5 register 13 | R/'W x| Undefined
00008A4H |C1MDATA413 |CAN1 message data byte 2 register 13 R/W| x X Undefined
00008A5H |C1MDATA513 |CAN1 message data byte 3 register 13 R/W| x X Undefined
00008A6H |C1MDATA6713 |CAN1 message data byte 6 and 7 register 13 | R/'W x| Undefined
00008A6H |C1MDATA613 |CAN1 message data byte 6 register 13 R/W| x X Undefined
00008A7H |C1MDATA713 |CAN1 message data byte 7 register 13 R/W| x X Undefined
00008A8H |C1MDLC13 CAN1 message data length code register 13 | R/W| x X Undefined
00008A9H |C1MCONF13 |CAN1 message configuration register 13 R/W| x X Undefined
00008AAH (C1MIDL13 CAN1 message identifier L register 13 R/W x| Undefined
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Table 3-6: Programmable Peripheral I/O Registers (16/16)

Address Symbol Function Register Name R/W | Bit Units for Manipulation| ~ After
Offset 1 8 16 Reset
00008ACH |C1MIDH13 CAN1 message identifier H register 13 R/W x| Undefined
00008AEH |C1MCTRL13 CAN1 message control register 13 R/W x| Undefined
00008COH |C1MDATA0114 |CAN1 message data byte 0 and 1 register 14 | R/'W x| Undefined
00008COH [C1MDATA014 |CAN1 message data byte O register 14 R/W| x X Undefined
00008C1H [C1MDATA114 |CAN1 message data byte 1 register 14 R/W| x X Undefined
00008C2H |C1MDATA2314 |CAN1 message data byte 2 and 3 register 14 | R/'W x| Undefined
00008C2H [C1MDATA214 |CAN1 message data byte 2 register 14 R/W| x X Undefined
00008C3H [C1MDATA314 |CAN1 message data byte 3 register 14 R/W| x X Undefined
00008C4H |C1MDATA4514 |CAN1 message data byte 4 and 5 register 14 | R/'W x| Undefined
00008C4H [C1MDATA414 |CAN1 message data byte 2 register 14 R/W| x X Undefined
00008C5H [C1MDATA514 |CAN1 message data byte 3 register 14 R/W| x X Undefined
00008C6H |C1MDATA6714 |CAN1 message data byte 6 and 7 register 14 | R/'W x| Undefined
00008C6H |[C1MDATA614 |CAN1 message data byte 6 register 14 R/W| x X Undefined
00008C7H |C1MDATA714 |CAN1 message data byte 7 register 14 R/W| x X Undefined
00008C8H |C1MDLC14 CAN1 message data length code register 14 | R/W| x X Undefined
00008C9H |C1MCONF14 |CAN1 message configuration register 14 R/W| x X Undefined
00008CAH |C1MIDL14 CAN1 message identifier L register 14 R/W x| Undefined
00008CCH |C1MIDH14 CAN1 message identifier H register 14 R/W x| Undefined
00008CEH |[C1MCTRL14 CAN1 message control register 14 R/W x| Undefined
00008EOH |C1MDATAO0115 |CAN1 message data byte 0 and 1 register 15 | R/'W x| Undefined
00008EOH [C1MDATA015 |CAN1 message data byte O register 15 R/W| x X Undefined
00008E1H |[C1MDATA115 |CAN1 message data byte 1 register 15 R/W| x X Undefined
00008E2H |C1MDATA2315 |CAN1 message data byte 2 and 3 register 15 | R/'W x| Undefined
00008E2H |[C1MDATA215 |CAN1 message data byte 2 register 15 R/W| x X Undefined
00008E3H |[C1MDATA315 |CAN1 message data byte 3 register 15 R/W| x X Undefined
00008E4H |C1MDATA4515 |CAN1 message data byte 4 and 5 register 15 | R/'W x| Undefined
00008E4H |C1MDATA415 |CAN1 message data byte 2 register 15 R/W| x X Undefined
00008E5H |[C1MDATA515 |CAN1 message data byte 3 register 15 R/W| x X Undefined
00008E6H |C1MDATA6715 |CAN1 message data byte 6 and 7 register 15 | R/'W x| Undefined
00008E6H |[C1MDATA615 |CAN1 message data byte 6 register 15 R/W| x X Undefined
00008E7H |[C1MDATA715 |CAN1 message data byte 7 register 15 R/W| x X Undefined
00008E8H |C1MDLC15 CAN1 message data length code register 15 | R/\W| x X Undefined
00008E9H |C1IMCONF15 |CAN1 message configuration register 15 R/W| x X Undefined
00008EAH |C1MIDL15 CAN1 message identifier L register 15 R/W x| Undefined
00008ECH |C1MIDH15 CAN1 message identifier H register 15 R/W x| Undefined
00008EEH |C1MCTRL15 CAN1 message control register 15 R/W x| Undefined
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3.4.8 Specific registers

Specific registers are registers that prevent invalid data from being written if an inadvertent program
behaviour occurs.
The V850E/PH2 has the following specific registers:

e Port registers 5 and 6 (P5, P6)
¢ Port mode registers 5 and 6 (PM5, PM6)
e Port mode control registers 5 and 6 (PMC5, PMCB6)
* Port emergency shut off control registers 5 and 6 (PESC5, PESC6)
* Port emergency shut off status registers 5 and 6 (ESOST5, ESOST6)
Moreover, there is also a command register (PRCMD), which is a protection register against write

operations to the specific registers. Write access to the specific registers is performed with a special
sequence and illegal store operations are notified to the system status register (PHS).

This section of the manual describes the access method to these specific registers, rather than the
values that can be written to these registers. For details on these register values, please refer to
sections 20.3.6 ”Port 5” on page 909 and 20.3.7 “Port 6” on page 914.

(1) Setting data to specific registers
Setting data to a specific registers is done in the following sequence.

<1> Prepare the data to be set to the special register in a general-purpose register.
<2> Write the data prepared in <1> to the command register (PRCMD).
<3> Write the data to the specific register (using the following instructions).

e Store instruction (ST/SST instruction)
e Bit manipulation instruction (SET1/CLR1/NOT1 instruction)

Example

<1> MOV 0x02, r10 ; Prepare data in r10
<2> ST.B r10, PRCMDI[r0] ; Write PRCMD register
<3> ST.B r10, P5 ; Set P5 register

(next instruction)

Cautions: 1. Interrupts are not acknowledged when executing the store instruction to the
PRCMD register.
If another instruction is placed between steps <2> and <3>, the correct sequence
may not be realized if an interrupt is acknowledged for that instruction, resulting
in the writing to the protected register to be not done, and an error to be stored in
the PRERR bit of the PHS register.

2. If there is a possibility of an active DMA register before <2> and <3>, the specific
register may not be written. In this case, ensure that no DMA register is active
during the sequence <2> to <3>, or repeat the sequencer <2> to <3> as long as
the PRERR bit of the PHS register is set to <1>.
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()

Processor command register (PRCMD)

The PRCMD register is an 8-bit register used to prevent data from being written to registers that
may have a large influence on the system, possibly causing the application system to
unexpectedly stop. Only the first write operation to a specific register following the execution of a
write operation to the PRCMD register, is valid.

As a result, register values can be overwritten only using a preset sequence, preventing invalid
write operations.

PRCMD register must be written with store instruction execution by CPU only (not with DMA
transfer). If an illegal store operation to a command or specific register takes place, it is reported
by the PRERR flag of the system status register (PHS).

This register can be written in 8-bit units only. Undefined data is read from this register.

Figure 3-21: Processor Command Register (PRCMD)

After reset: Undefined w Address: FFFFF1FCH
7 6 5 4 3 2 1 0

PRCMD REG7 REG6 REG5 REG4 REG3 REG2 REG1 REGO
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(8) System status register (PHS)

The PHS register is an 8-bit register to which the PRERR flag showing the generation of
protection errors is assigned.

If a write operation to a specific register has not been executed in the correct sequence including
the access to the command register (PRCMD), the write operation to the intended register is not
executed, a protection error is generated and the PRERR flag is set to 1. The value of this register
becomes “00H” by RESET input.

This register can be read/written in 8-bit and 1-bit units.

Figure 3-22: System Status Register Format PHS

After reset: O0H R/W Address: FFFFF802H
7 6 5 4 3 2 1 0
PHS 0 0 0 0 0 0 0 PRERR
PRERR Detection of Protection Error
0 Protection error did not occur
1 Protection error occurred

The PRERR flag operates under the following conditions.

(a) Setting condition (PRERR flag = 1)

* When a write operation is not performed on the PRCMD register and an operation to write a
specific register is performed (when <4> in the example 3.4.8 (1) Setting data to specific
registers is executed without <3>).

¢ |f a write operation (including a bit manipulation instruction) is performed on an on-chip
peripheral I/O register other than a specific register after a write operation to the PRCMD
register (when <4> in the example 3.4.8 (1) Setting data to specific registers is not performed
for a specific register).

Remark: Even if an on-chip peripheral I/O register is read (including a bit manipulation instruction)
between writing the PRCMD register and writing a specific register (such as an access to
the internal RAM), the PRERR flag is not set, and data can be written to the special register.

(b) Clearing condition (PREER flag = 0)
¢ When 0 is written to the PRERR flag of the PHS register.
¢ When system reset is executed.

Cautions: 1. If 0 is written to the PRERR bit of the PHS register (that is not a specific register)
immediately following write to the PRCMD register, the PRERR bit becomes 0
(write priority).

2. If data is written to the PRCMD register (that is not a specific registers)
immediately following write to the PRCMD register, the PRERR bit becomes 1.
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3.4.9 System wait control register (VSWC)

The system wait control register (VSWC) is a register that controls the bus access wait for the on-chip
peripheral I/O registers.

Access to on-chip peripheral I/O registers is made in 3 clocks (without wait), however, in the
V850E/PH2 waits may be required depending on the operation frequency. Set the values described in
the table below to the VSWC register in accordance with the operation frequency used.

This register can be read or written in 1-bit or 8-bit units.

Register Name | Operating frequency Set Value Address After reset
VSWC 64 MHz 13H FFFFFO6EH 77H

3.4.10 DMA wait control registers 0 and 1 (DMAWCO0, DMAWC1)

The DMA wait control registers 0 and 1 (DMAWCO, DMAWCH1) are a registers that control the bus
access wait and signal timing for DMA transfers.

Set the values described in the table below to the DMAWCO0 and DMAWCH registers in accordance with
the operation frequency used.

This register can be read or written in 1-bit or 8-bit units.

Register Name | Operating frequency Set Value Address After reset
DMAWCO 64 MHz 13H FFFFFEOOH 37H
DMAWCH1 04H FFFFFEO2H 07H

130 User's Manual U16580EE2VOUDOO



Chapter 3 CPU Functions

3.4.11 Cautions
¢ [Initialize the following registers immediately after reset signal release in the following sequence:

- System wait control register (VSWC)
(refer to 3.4.9 System wait control register (VSWC))

- DMA wait control registers 0 and 1 (DMAWCO0,DMAWCT1)
(refer to 3.4.10 DMA wait control registers 0 and 1 (DMAWCO0, DMAWC1))
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Chapter 4 Bus Control Function

The V850E/PH2 is provided with an external bus interface function by which external memories, such
as ROM and RAM, and external I/O can be connected.

4.1 Features

* 32-bit/16-bit/8-bit data bus sizing function
e 8 chip areas select function

* 4 chip area select signals externally available (CS0, CS1, CS3 and CS4)

¢ Wait function

- Programmable wait function, capable of inserting up to 7 wait states for each memory block
- External wait function via WAIT pin

¢ |dle state insertion function

¢ External device connection can be enabled via bus control/port alternate function pins

e Programmable Endian format (Little Endian/Big Endian)

4.2 Bus Control Pins

The following pins are used for connecting to external devices.

Bus Control Pin

(Function when in Control Mode)

Function when in Port Mode

Register for Port/

Control Mode Switching

Data bus (DO to D15) PDLO to PDL15 (Port DL) PMCDL
Data bus (D16 to D31) PDHO to PDH15 (Port DH) PMCDH
Address bus (A0 to A15) PALO to PAL15 (Port AL) PMCAL
Address bus (A16 to A21) PAHO to PAHS5 (Port AH) PMCAH
Chip select (CS0, CS1, CS3 and CS4) PCS0, PCS1, PCS3 and PCS4 PMCCS
(Port CS)
Read/write control (RD,WR) PCT4, PCT5 (Port CT) PMCCT
Byte enable control (BEO to BE3) PCD2 to PCD5 (Port CD) PMCCD
External wait control (WAIT) PCMO (Port CM) PMCCM
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4.3 Memory Block Function

The 64 MB memory space is divided into memory blocks of 2 MB, 4 MB, and 8 MB units.

Figure 4-1: Memory Block Function

1 3FFFFFFH Block 15 3FFFFFFH
3E00000H (2 Mbytes) X } Internal peripheral I/O area (4 Kbytes)
3DFFFFFH (zBﬁgkt14) 3FFFOO0H

oS ~or AR Ao 3C00000H yies
CS7,CSS5, CS6, CS4 | 3BFFFFFH Block 13 3FF7FFFH
3A00000H (2 Mbytes) } Internal RAM area (32 Kbytes)
39FFFFFH Block 12 3FF0000H
| 3800000H (2 Mbytes)
7+ 37FFFFFH
Block 11
(4 Mbytes)
~cr ~as| 3400000H
CS6,CS4|  33rFFFFH
Block 10
(4 Mbytes)
1 3000000H
" 2FFFFFFH
Block 9
(8 Mbytes)
—— | 2800000H
CS4| 27FFFFFH
Block 8
(8 Mbytes)
2000000H
T IFFFFFFH External memory area
Block 7
(8 Mbytes)
~ca | 1800000H
CS3| 17FFrFFH
Block 6
(8 Mbytes)
1 1000000H
OFFFFFFH
Block 5
(4 Mbytes)
~a3 ~aa| OCO00000H
CS1,CS3|  (BFFFFFH
Block 4
(4 Mbytes)

1 0800000H
07FFFFFH Block 3
0600000H (2 Mbytes)

O5FFFFFH (2B||\2gkt2 )
~on Aos Ao ~aa| 0400000H ytes
CS0, CS2,CS1,CS3|  (3FFFFFH Block 1

0200000H (2 Mbytes)

O1lFFFFFH Block 0

1 0000000H (2 Mbytes)
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4.3.1 Chip select control function

(1) Chip area selection control registers 0, 1 (CSC0, CSC1)

The 64 MB memory area can be divided into 2 MB, 4 MB and 8 MB memory blocks by the chip area
selection control registers 0 and 1 (CSCO0, CSC1) to control the chip select signals.
The memory area can be effectively used by dividing the memory area into memory blocks using the
chip select control function. The priority order is described below.

These registers can be read/written in 16-bit units. Valid by setting each bit (to 1). If different chip

area select signals are set to the same block, the priority order is controlled as follows.

CSCO: Peripheral I/0 area > CS0 > CS2 > CS1 > CS3 Note
CSC1: Peripheral I/0 area > CS7 > CS5 > CS6 > CS4 Note

Note: Not all the chip area select signals are externally available on output pins. Even so, enabling

chip area select signals other than CS0, CS1, CS3 or CS4, the setting for the corresponding

memory blocks will be effective too, regardless of an external chip select output pin.

Figure 4-2: Chip Area Select Control Registers 0, 1 (1/2)

After reset: 2C11H R/W Address: FFFFFO60H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
csco  [csaa|csaz|csat|csao|cs2s|csa2|csat|cs20]cst3|cs12[cs11]cs10[cS03]CS02]CS01 |CS00]

L | L | L |
CS3 CS2 CSi1 CS0
After reset: 2C11H R/W Address: FFFFF062H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CSC1 |CS43\CS42 \0841 \0340 \csss \0352 \0351 \csso \cses \csez |cses1 \cseo|0873 \0372 |CS71 \037o|

| ! | ! | !
CS4 CS5 CS6 CS7
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Figure 4-2: Chip Area Select Control Registers 0, 1 (2/2)

CSnm Chip Select Operation

CS00 | CS0 active during block 0 access

CS01 | CSO active during block 1 access.

CS02 | CSO active during block 2 access.

CS03 | CS0 active during block 3 access.

CS10 | CST active during block 0 or 1 access.

CS11 | CS1 active during block 2 or 3 access.

CS12 | CST active during block 4 access.

CS13 | CS1 active during block 5 access.

CS20 | CS2 active during block 0 access.

CS21 | CS2 active during block 1 access.

CS22 | CS2 active during block 2 access.

CS23 | CS2 active during block 3 access.

CS30 | CS3 active during block 0, 1, 2, or 3 access.

CS31 | CS3 active during block 4 or 5 access.

CS32 | CS3 active during block 6 access.

CS33 | CS3 active during block 7 access.

CS40 |CS4 active during block 12, 13, 14, or 15 access.

CS41 | CS4 active during block 10 or 11 access.

CS42 | CS4 active during block 9 access.

CS43 | CS4 active during block 8 access.

CS50 | CS5 active during block 15 access.

CS51 | CS5 active during block 14 access.

CS52 | CS5 active during block 13 access.

CS53 | CS5 active during block 12 access.

CS60 | CS6 active during block 14 or 15 access.

CS61 | CS6 active during block 12 or 13 access.

CS62 | CS6 active during block 11 access.

CS63 | CS6 active during block 10 access.

CS70 | CS7 active during block 15 access.

CS71 | CS7 active during block 14 access.

CS72 | CS7 active during block 13 access.

CS73 | CS7 active during block 12 access.
Remark: Dedicated chip select operation is enabled when corresponding CSnm bit is set

(1), and disabled when CSnm is cleared (0) (n=0to 7, m =0 to 3)
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4.4 Bus Cycle Type Control Function
In the VB50E/PH2, the following external devices can be connected directly to each memory block.

¢ SRAM, external ROM, external I/O

Connected external devices are specified by the bus cycle type configuration registers 0, 1 (BCTO,
BCT1).
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4.4.1 Bus cycle type configuration

(1) Bus cycle configuration registers 0, 1 (BCT0, BCT1)
These registers can be read/written in 16-bit units

Cautions: 1. Write to the BCTO0 and BCT1 registers after reset, and then do not change the set
value. Also, do not access an external memory area other than that for this
initialization routine until initial setting of the BCTO and BCT1 registers is
finished. However, it is possible to access external memory areas whose
initialization has been finished.

2. The bits marked as 0 and 1 are reserved. The values of these bits must not be
changed. Otherwise the operation of the external bus interface cannot be
ensured.

Figure 4-3: Bus Cycle Configuration Registers 0, 1 (BCTO, BCT1)

After reset: CCCCH R/W Address: FFFFF480H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BcTo  [mEs| + [ o [ o [me2| 1t | o [ o [MEL[ 1 [ o] o |mEO| 1 [0 [o]
L m ] L m ] L W ] L m |
After reset: CCCCH R/W Address: FFFFF482H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BCT1  [me7| + [ o [ o [mes| + | o [ o [mes| 1 [ oo |mE4] 1 [0 [o0]
L m | L m | L m | L m |
MEn Memory Controller Operation Enable for CSn Area

0 Operation disable

1 Operation enable
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4.5 Bus Access

4.5.1 Number of access clocks

The number of basic clocks necessary for accessing each resource is as follows.

Table 4-1: Number of Bus Access Clocks
Resources (Bus width) Internal RAM Peripheral I/O External memory
Bus Cycle Configuration (32 bits) (16 bits) (16 bits)
Instruction fetch Normal access 1Note 1 - oNote 2
Branch 1 - oNote 2
Operand data access 1 3Note 2 oNote 2

Notes: 1. The instruction fetch becomes 2 clocks, in case of contention with data access.

2. This is the minimum value.
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4.5.2 Bus sizing function

The bus sizing function controls data bus width for each CS area. The data bus width is specified by
using the bus size configuration register (BSC).

1)

Bus size configuration register (BSC)
This register can be read/written in 16-bit units.

Caution: Write to the BSC register after reset, and then do not change the set value. Also, do

140

not access an external memory area other than that for this initialization routine until
initial setting of the BSC register is finished. However, it is possible to access
external memory areas whose initialization has been finished.

Figure 4-4: Bus Size Configuration Register (BSC)

After reset: AAAAH R/W Address: FFFFF0O66H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BSC [Bs71[BS70BS61|BS60|BS51|BS50 |BS41[BS40 BS31|BS30|BS21BS20 |BS11[BS10|BSO1[BS00]

CS7 CS6 CS5 Cs4 CS3 Cs2 CSf CS0
BEN1 BENO Data Bus Width of CSn Area

0 0 8 bits

0 1 16 bits

1 0 32 bits

1 1 Setting prohibited
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4.5.3 Endian control function

The Endian control function can be used to set processing of word data in memory either by the Big
Endian method or the Little Endian method for each CS area selected with the chip select signal (CS0
to CS7). Switching of the Endian method is specified with the Endian configuration register (BEC).

Figure 4-5: Big Endian Addresses within Word
31 2423 1617 87
0008H 0009H 000AH 000BH
0004H 0005H 0006H 0007H
0000H 0001H 0002H 0003H

31

Figure 4-6: Little Endian Addresses within Word

24 23 16 17 87
 oooBH | oooaH | 0009H o008+
0007H 0006H 0005H 0004H
0003H 0002H 0001H 0000H
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(1) Endian configuration register (BEC)
This register can be read/written in 16-bit units.

Cautions: 1.

142

After reset:
15 14
| o [BE7o| o [BEso| o [BEso| o [BE40| o [BES0| o [BE20| 0 [BE10| 0 [BE0O]

BEC

Bits 15, 13,11, 9, 7, 5, 3, and 1 of the BEC register must be cleared (0). If these bits

are set to 1, the operation is not guaranteed.

Set the CSn area specified as the programmable peripheral /O area to Little

Endian format (n = 0 to 7).

In the following areas, the data processing method is fixed to Little Endian
method. Any setting of Big Endian method for these areas according to the BEC

register is invalid.
- On-chip peripheral I/O area
- Internal RAM area
- Fetch area of external memory

0000H

Figure 4-7: Endian Configuration Register (BEC)

R/W
13 12 11 10

Address:

9

8

FFFFFO68H
7 6

5

4

3

2

1

0

CSs7 CSé6 CS5 Cs4 CS3 CS2 CSst CSo
BENnO Endian Control
0 Little Endian method

Big Endian method
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4.5.4 Bus width

The V850E/PH2 accesses peripheral 1/0 and external memory in 8-bit, 16-bit, or 32-bit units. The fol-
lowing shows the operation for each type of access. Access all data in order starting from the lower
order side.

(1) Byte access (8 bits)

(a) When the data bus width is 32 bits (Little Endian)

<1> Access to <2> Access to <38> Access to <4> Access to
address (4n) address (4n+1) address (4n+2) address (4n+3)
Address Address . _Address Address
31477 31:77% 31 31
b P o 4n+3
24} 1 24 1 241 24
231 231 23 23 1
P P — |4n+2 : :
161 16 ¢ 16 161}
15 ' 15 15+ ) 15 :
Py 4n +1 o Do
I 8 8. g1
7 7 7 7 7 770 7 770
an P P P
0 0 0 0% 1 0 0: ! 0 oL !
Byte data External Byte data External Byte data External Byte data External
data bus data bus data bus data bus
(b) When the data bus width is 16 bits (Little Endian)
<1> Access to <2> Access to <38> Access to <4> Access to
address (4n) address (4n+1) address (4n+2) address (4n+3)
Address Address Address Address
15770 15 154770 15
: : 4n +1 : : 4n+3
g: 8 8 8
7 7 7 7 I 7 7 7 7.
4n Pl 4n+2 Pl
0 0 0 0Lt 0 0 0 0L
Byte data  External Byte data  External Bytedata  External Bytedata  External
data bus data bus data bus data bus
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(c) When the data bus width is 8 bits (Little Endian)

<1> Accessto <2> Access to <3> Access to <4> Accessto
address (4n) address (4n+1) address (4n+2) address (4n+3)
Address Address Address Address
7 7 7 7 7 7 7 7
4n 4n +1 4n +2 4an + 3
0 0 0 0 0 0 0 0
Byte data External Byte data External Byte data External Byte data External
data bus data bus data bus data bus

(d) When the data bus width is 32 bits (Big Endian)

<1> Access to <2> Access to <3> Access to <4> Access to
address (4n) address (4n+1) address (4n+2) address (4n+3)
Address Address Address Address
31 3177 31177 311777
4n o b b
24 241 24} 244 1
23 23 231 23 !
o —= an+1 o o
1611 16 167 161
15177 15+, 15 157770
o o 4n+2 o
8. 8 8 g
7 770 7 770 7 7. . 7 7
P P P 4n+3
0 oL 0 oLt 0 oLt 0 0
Byte data External Byte data External Byte data External Byte data External
data bus data bus data bus data bus
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(e) When the data bus width is 16 bits (Big Endian)

<3> Access to
address (4n+2)

Access to
address (4n+1)

<1> Access to <2>

address (4n)

Address Address Address
15 1577 15
4n o an+2
8 g ! 8
7 70 7 7 7 7
Pl 4n + 1 o
0 0:_i 0 0 0 0%
Byte data  External Byte data  External Byte data External
data bus data bus data bus

(f) When the data bus width is 8 bits (Big Endian)

<3> Accessto
address (4n+2)

<2> Accessto
address (4n+1)

<1> Access to
address (4n)

Address Address Address
7 7 7 7 7 7
4n 4n + 1 4n +2
0 0 0 0 0 0
Byte data External Byte data External Byte data External
data bus data bus data bus
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<4> Access to
address (4n+3)

Address
153770
81
7 7
4n+3
0 0
Byte data External
data bus

<4> Access to
address (4n+3)

Address
7 7
4n + 3
0 0
Byte data External
data bus
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(2) Halfword access (16 bits)

(a) When the data bus width is 32 bits (Little Endian)

<1> Access to address (4n) <2> Access to address (4n+1)
_._Address _._Address
3147 311770
24! 24}
23 17h 23
Pl 4n+2
161 ¢ _ 16 |
15 [ 15 15 15
4n + 1 4n + 1
8 8 8 | 8 [
71 1 71 7 7
4n P
o[_| ol o 0 !
Halfword External Halfword External
data data bus data data bus
<3> Access to address (4n+2) <4> Access to address (4n+3)
1st access 2nd access
51 ___Address Address ___ Address
31 31170
4n + 3 R 4n +3 E E
24 Vo
| 24 24 1
23 231 23 771
4n+2 P P
16 [ -
— —l _ 1611 _ 1651
10 Al 15 151777 15 15§73
8 g! | Pl Pl
| 8 8. 8 8.
7 7 P 71 700 71 7
; ; : : L 4n + 4
oL 0 o | 0: ! o] 0
Haég}’g rd E ;(tt: rt?j‘sl Halfword External Halfword External
data data bus data data bus
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(b) When the data bus width is 16 bits (Little Endian)

<1> Access to address (4n) <2> Access to address (4n+1)
1st access 2nd access
Address Address Address
15 15 15 [ 15 15 [ 153770
4an + 1 — |4n+1 :
8| | 8| | 8| | 8 s |_| g1 °
7 7 7 70 7 7
4n : 4n +2
ol ol o] oL ol 0
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
<3> Access to address (4n+2) <4> Access to address (4n+3)
1st access 2nd access
Address Address Address
15 [ 15 [ 15[ ] 15 15[ ] 15770
4n+3 — 4n + 3 : ;
8 || 8 || 8| | 8 8| | 8 |
7 7 7 70 7 7
4n+2 : an +4
ol ol ol oL ol 0
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
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(c) When the data bus width is 8 bits (Little Endian)

<1> Access to address (4n)

1st access
15 [
8 Address
7| 7
4n

0| 0
Halfword External

data data bus

<3> Access to address (4n+2)

1st access
15 [
8 Address
71 7
4n + 2
0| 0
Halfword External
data data bus
148

2nd access
15 [
8 Address
71 7
4n + 1
0| 0
Halfword External
data data bus
2nd access
15 [
8 Address
7 7
4n+ 3
0| 0
Halfword External
data data bus

<2> Access to address (4n+1)

1st access
15 [ ]
8 Address
71 1 7
4n + 1

0 | 0
Halfword External

data data bus

<4> Access to address (4n+3)

1st access
15 [
8 Address
71 1 7
4n + 3

(O} I 0
Halfword External

data data bus
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2nd access
15[ ]
8 Address
71 1 7
4n + 2
0 | 0
Halfword External
data data bus
2nd access
15 [ ]
8 Address
7 7
4in + 4
0| 0
Halfword External
data data bus
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(d) When the data bus width is 32 bits (Big Endian)

<1> Access to address (4n) <2> Access to address (4n+1)
___Address ___ Address
31 311773
4n : :
24 | | 24
23 23
4n +1 4n + 1
- 16 || _ 16 | |
15 15 ; 15 15
E : 4n +2
8| 8: 8 8| _
7 770 7 700
ol oL ol oL
Halfword External Halfword External
data data bus data data bus
<3> Access to address (4n+2) <4> Access to address (4n+3)
1st access 2nd access
... Address ... Address Address
31177% 31177 31
o o —{ |4n+4
24! j 24 :__j 24
2371 237 23,
16 - 161 . 163}
15 [ ] 15 15 154777 15 1547770
4n+2 o o
8 8 8| | CH 8| | g
71 71 7 7 7 700
4n+3 4n+3 P
ol ol o] 0 o] 0: !
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
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(e) When the data bus width is 16 bits (Big Endian)

<1> Access to address (4n) <2> Access to address (4n+1)
1st access 2nd access
Address Address Address
15 [ ] 15 [ ] 15 [ 15 :", 15 [ 15
4n : ; — 4n + 2
8| 8| 8| 8 | 8| 8
7 7 7 7 7 70
4n +1 4n+1 P
o] ol ol 0 ol 0L
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
<3> Access to address (4n+2) <4> Access to address (4n+3)
1st access 2nd access
Address Address Address
15 [ 15 [ 15[ ] 1537770 15 [ 15
4n+2 : 4n+4
8| | 8| | s || 8 8| | 8
7 7 7 7 7 7
4n + 3 4n + 3 : ;
ol ol o] 0 o] oL
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
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(f) When the data bus width is 8 bits (Big Endian)

<1> Access to address (4n)

1st access
15 [
8 Address
71 7
4n

0l | 0
Halfword External

data data bus

<2> Access to address (4n+1)

<3> Access to address (4n+2)

1st access
15 [
8 Address
71 1 7
4n + 2

0 | 0
Halfword External

data data bus

2nd access 1st access 2nd access
15[ ] 15[ ] 15 [
8 Address 8 Address 8 Address
71 7 71 7 71 7
4n +1 4n +1 4n+2
0| 0 0| 0 0| 0
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
<4> Access to address (4n+3)
2nd access 1st access 2nd access
15 [ ] 15 [ ] 15 [ ]
8[| Address 8 | Address 8| | Address
7 7 7 7 7 7
4n+3 4n+3 4n + 4
0| 0 (N I 0 0| 0
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
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(3) Word access (32 bits)

(a) When the bus width is 32 bits (Little Endian)

<1> Access to address (4n)

<2> Access to address (4n+1)

1st access
_ ___Address Address
31 31 31 [ | 31 [ |
4n+3 4n+ 3
24 | 24 | | 24 24
23 23 23 [ 23 [
4n + 2 4n +2
16 [ 16 || 16 16
15 15 15 [ 15[ |
4n +1 4n +1
81 | 8 | 8 8
7 7 71 7 .
4n : :
ol ol o] oL
Word data External Word data External
data bus data bus

<3> Access to address (4n+2)

1st access
Address
31 [ ] 31 [ |
4n+3
24 24 ||
23 [ 23
4n + 2
16 || 16 ||
15 15, 1
8 | g1
7 770
o 0
Word data External
data bus
152

31

24

—_—
uao

~ 00

0

2nd access

Address

31

24
23

16
15

0
'
B L L L L L L T T

~ 00

in + 4

0

Word data External

<4> Access to address (4n+3)

2nd access 1st access
Address Address
31 [ ] 31:77% 31 [ | 31
o 4n+3
24 24 1 1 24| | 24
23 [ 23, ! 23 23 v
16 | 161 ¢ 16 || 161 1
15 15 15 15 : H
4n+5 : :
8 | 8[| 8| | g1
7 7 7 770
4n+4 P
o ol oL 0t
Word data External Word data External
data bus data bus
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24

—_—
o

~ ©

0

data bus

2nd access

_Address

31

24
23

~— 4n +6

16
15

= 4n +5

~ ©

4n+4

0

Word data External

data bus
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(b) When the bus width is 16 bits (Little Endian)

<1> Access to address (4n)

<2>

31

24

—_—
uao

~ 00

0

1st access
Address
15 [
4n +1
8 —
7
4n
0L

Word data External

Access to address (4n+1)

31

24

—_—
ao

~ o

0

data bus

1st access
Address
15
4n + 1
8
7.
oL

Word data External

data bus

2nd access
31 [ |
24 |
23
16 Address
15 [ 15 [
4n+3
8 | 8|
7 7
4n +2
0| 0|
Word data External
data bus
2nd access
31 [ ]
24 ||
23
16 [ _Address
15 15
4n+ 3
8 | 8 |
7 7
4n + 2
0 | 0 |
Word data External
data bus
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3rd access
31 [ ]
24 | |
23
16 || __ Address
15 154774
8 | g
7 7
4n+ 4
0| 0
Word data External
data bus
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Chapter 4 Bus Control Function

<3> Access to address (4n+2)

1st access 2nd access
31 [ ] 31 [ ]
24| | 24 | |
23 23
16 || _Address 16 |_ _Address
15 15 15 15
4n+3 4n+5
8 | 8 | 8| 81 |
7 7 7 7
4n+2 4n + 4
0 | 0 | 0 | 0 |
Word data External Word data External
data bus data bus

<4> Access to address (4n+3)

1st access 2nd access 3rd access
31 [ | 31 [ ] 31 [ |
24 | | 24 | | 24 | |
23 23 23
16 Address 16 ___Address 16 ___Address
15 [ 15 15 [ 15 15 [ 153770
4n+3 4n+5 o
8| 8 8| 8| 8| I
7 7 7 7 7 7
P an + 4 4n+6
ol oL ol ] o] ol 0
Word data External Word data External Word data External
data bus data bus data bus
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(c) When the data bus width is 8 bits (Little Endian)

<1> Access to address (4n)
1st access 2nd access 3rd access
31 [ | 31 [ | 31 [ ]
24| | 24 | | 24| |
23 23 23
16 || 16 || 16 ||
15 15 15
8 Address g Address 8 Address
71 1 7 71 7 7] 7
4n 4n +1 4n +2
ol 0 o 0 o[ 0
Word data External Word data External Word data External
data bus data bus data bus
<2> Access to address (4n+1)
1st access 2nd access 3rd access
31 [ | 31 [ | 31 [ ]
24 | | 24 | | 24 | |
23 23 23
16 [ 16 [ 16 [ |
15 15 15
8 Address g Address g Address
71| 7 71 1 7 71 1 7
4n +1 4n + 2 4n +3
ol 0 ol 0 oL 0
Word data External Word data External Word data External
data bus data bus data bus
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4th access
31 [ ]
24 ||
23
16 ||
15
8 Address
7 7
4n+3
0| 0
Word data External
data bus
4th access
31 [ ]
24 | |
23
16 ||
15
8 Address
7] 7
4n+ 4
0l | 0
Word data External
data bus
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<3> Access to address (4n+2)
1st access 2nd access 3rd access
31 [ | 31 [ ] 31 [ |
24 | | 24 | | 24 | |
23 23 23
16 || 16 || 16 ||
15 15 15
8 Address g Address g Address
71 1 7 7 7 7 [ 7
4n + 2 4n + 3 4n + 4
o[ ] 0 0| 0 o[ | 0
Word data External Word data  External Word data External
data bus data bus data bus
<4> Access to address (4n+3)
1st access 2nd access 3rd access
31 [ | 31 [ ] 31 [ ]
24 | | 24 | | 24 | |
23 23 23
16 || 16 || 16 ||
15 15 15
8 Address g Address g Address
71 1 7 7 7 7] 7
4n + 3 4an + 4 4n+5
o 0 o] 0 o[ 0
Word data External Word data External Word data External
data bus data bus data bus
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31

24

O
ao

~ 0o

0

Word data External

0

4th access
Address
7
4n+5
0
data bus
4th access
Address
7
4n +6
0

Word data External

data bus
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(d) When the data bus width is 32 bits (Big Endian)

<1> Access to address (4n) <2> Access to address (4n+1)
1st access 2nd access
Address Address Address
31 [ ] 31 [ ] 31 [ ] 3170 31 [ ] 31
an o 4n+4
24 24 24| | 24 1 24| | 24
23 [ 23 [ 23 23 23 23 7 ¢
4n +1 4n + 1 P
16 16 16 || 16 || 16 || 16 1
15 [ 15[ | 15 15 15 15770
an + 2 4n+2 o
8 8 8 | 8| 8| 81
7 7 7 7 7 770
4n+3 an+3 P
ol ol | ol ol o] 0: !
Word data External Word data External Word data External
data bus data bus data bus
<3> Access to address (4n+2) <4> Access to address (4n+3)
1st access 2nd access 1st access 2nd access
Address Address . _Address _Address
31 [ ] 317 7% 31 [ ] 31 [ ] 31 [ ] 3170 31 [ ] 31
o 4n+4 o 4n+4
24 241 1 24 24| | 24| | 245 24 | | 24| |
23 [ 23 771 23 [ 23 23 23170 23 23
P 4n+5 Pl 4n+5
16 16 ¢ 16 | 16 16| | 161 16 | 16| |
15 15 15 15 15 153770 15 15
4n+2 o o 4n+6
8| | 8| 8| 8 8| 81 8| | 8|
7 7 7 77T 7 7 7 7.
4n +3 : : 4n +3 P
o o o] oLt o] 0 ol ] oi !
Word data External Word data External Word data External Word data External
data bus data bus data bus data bus
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(e) When the data bus width is 16 bits (Big Endian)

<1> Access to address (4n)

<2>

158

1st access
31 [ |
24 ||
23
16 Address
15 [ 15 [ ]
4n
8 | 81 |
7 7
4n +1
0 | 0l |
Word data External
data bus

Access to address (4n+1)

1st access
31 [ ]
24 | |
23
16 ___Address
15 [ | 15470
8 | g1
7 7
4n +1
0| 0
Word data External
data bus

2nd access
31 [ |
24 | |
23
16 Address
15 [ 15 [
4n + 2
8| 8 |
7 7
4n + 3
0 | 0 |
Word data External
data bus
2nd access
31 [ ]
24 | |
23
16 Address
15 [ 15[ ]
4n + 2
8 | 8 |
7 7
4n+3
0 | 0 |
Word data External
data bus

User’'s Manual U16580EE2VOUDOO

3rd access
31 [ ]
24 | |
23
16 Address
15 [ 15
4n + 4
8| | 8
7 7.
ol 0 !
Word data External
data bus
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<3> Access to address (4n+2)

<4>

1st access
31 [ ]
24 ||
23
16 || _Address
15 15
4n + 2
8 | 8 |
7 7
4n+ 3
0| | 0 |
Word data External
data bus

Access to address (4n+3)

1st access
31 [ ]
24 | |
23
16 Address
15[ 15
8[| I
7 7
4n + 3
(N I 0
Word data External
data bus

2nd access
31 [ |
24 ||
23
16 Address
15 [ 15[
4n + 4
8 | 8 |
7 7
4n+5
0| 0| |
Word data External
data bus
2nd access
31 [ ]
24 | |
23
16 Address
15 [ 15[ ]
4in + 4
8 | 8 |
7 7
4n+5
0 | 0 |
Word data External
data bus
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3rd access
31 [ ]
24 | |
23
16 Address
15 [ 15
4n + 6
8| | 8
7 7
ol 0t
Word data External
data bus

159



Chapter 4 Bus Control Function

(f) When the data bus width is 8 bits (Big Endian)

<1> Access to address (4n)

1st access
31 [ ]
24 ||
23
16 ||
15
8 Address
71 1 7
4n
0| | 0
Word data External
data bus

<2> Access to address (4n+1)

1st access
31 [ ]
24 ||
23
16 ||
15
8 Address
71 7
4n +1
0 | 0
Word data External
data bus
160

2nd access 3rd access
31 [ 1 31 [ ]
24 | | 24 | |
23 23
16 || 16 [ |
15 15
8 Address 8 Address
71 7 71 7
4n + 1 4n + 2
0| 0 0L | 0
Word data External Word data External
data bus data bus
2nd access 3rd access
31 [ | 31 [ ]
24 | | 24 | |
23 23
16 || 16 ||
15 15
8 Address g Address
71 7 71 1 7
4n + 2 4n+ 3
(O} I 0 0| 0
Word data External Word data External
data bus data bus
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4th access
31 [ |
24| |
23
16 ||
15
8 Address
7] 7
4n+3
0l | 0
Word data External
data bus
4th access
31 [ ]
24 | |
23
16 ||
15
8 Address
71 1 7
4n + 4
0 | 0
Word data External
data bus
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<3> Access to address (4n+2)

1st access
31 [ |
24 |
23
16 ||
15
8 Address
71 7
4n +2
0| 0
Word data External
data bus

<4> Access to address (4n+3)

1st access
31 [ ]
24 ||
23
16 ||
15
8 Address
71 7
4n + 3
0 | 0
Word data External
data bus

2nd access 3rd access
31 [ ] 31 [ |
24 | | 24 ||
23 23
16 || 16 ||
15 15
8 Address g Address
7] 7 71 7
4n + 3 4n + 4
0| 0 (O} I 0
Word data External Word data External
data bus data bus
2nd access 3rd access
31 [ ] 31 [ ]
24 | 24 | ]
23 23
16 || 16 ||
15 15
8 Address g Address
71 7 71 7
4an + 4 4n+5
0| 0 0| 0
Word data External Word data External
data bus data bus
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4th access
31 [ ]
24 | |
23
16 ||
15
8 Address
71 7
4n+5
0| 0
Word data External
data bus
4th access
31 [ ]
24 | |
23
16 ||
15
8 Address
7 7
4n + 6
0| 0
Word data External
data bus
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4.6 Wait Function

4.6.1 Programmable wait function

(1) Data wait control registers 0, 1 (DWCO0, DWC1)

To facilitate interfacing with low-speed memory or with I/Os, it is possible to insert up to 7 data wait
states with respect to the starting bus cycle for each CS area.

The number of wait states can be specified by data wait control registers 0 and 1 (DWCO0, DWC1)
in programming. Just after system reset, all blocks have 7 data wait states inserted.

These registers can be read/written in 16-bit units.

Cautions: 1. The internal ROM area (flash memory) and the internal RAM area are not subject
to programmable waits and ordinarily no wait access is carried out. The internal
peripheral I/O area is also not subject to programmable wait states, with wait
control performed only by each peripheral function.

2. Write to the DWCO0 and DWC1 registers after reset, and then do not change the set
values. Also, do not access an external memory area other than that for this
initialization routine until initial setting of the DWC0 and DWC1 registers is
finished. However, it is possible to access external memory areas whose
initialization has been finished.

Figure 4-8: Data Wait Control Registers 0, 1 (DWC0, DWC1) Format

After reset: 7777H R/W Address: FFFFF484H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DWCO | 0 |DW32\DW31|DW30\ 0 |DW22\DW21|DW20\ 0 |DW12\DW11|DW10\ 0 |DW02‘DW01|DW00|
| CS3 | | CSs2 | | CS1 | | CSo |
After reset: 7777H R/W Address: FFFFF486H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DWCT | 0 |DW72\DW71|DW70\ 0 |DW62\DW61|DW60\ 0 |DW52\DW51|DW50\ 0 |DW42\DW41|DW40|
| Cs7 | | CS6 | | CS5 | | Cs4 |

Number of Inserted Data Wait States

DWCn2 | DWCn1 | DWCnO During CSn Area Access

No wait states inserted

Al Al Al a2l ol ol ol ©
Al a2l ool =l =l Ol O
-1 OoO| = Ol = O| =] O
N[Ol B~ WOIN| =

Remark: n=0to7
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(2) Address wait control register (AWC)

The VB50E/PH2 allows insertion of address setup wait and address hold wait states before and
after the T1 cycle.

The address setup wait and address hold wait states can be set with the AWC register for each CS
area.

This register can be read/written in 16-bit units.

Cautions: 1. The internal ROM area (flash memory) and the internal RAM area are not subject
to programmable waits and ordinarily no wait access is carried out. The internal
peripheral I/O area is also not subject to programmable wait states, with wait
control performed only by each peripheral function.

2. Write to the AWC registers after reset, and then do not change the set values.
Also, do not access an external memory area other than that for this initialization
routine until initial setting of the AWC registers is finished. However, it is possible
to access external memory areas whose initialization has been finished.

Figure 4-9: Address Wait Control Register (AWC)

After reset: 0000H R/W Address: FFFFF488H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AWC  [arw7[asw7[aHwsaswe|aHWs|ASWS AHWA[ASWA[AHWS[ASWS|AHW2]ASW2|AHW1[ASW1[AHWO |ASWO|

Cs7 CS6 CS5 CS4 CS3 CS2 CS1 CSOo
AHWnN Address Hold Wait Insertion During CSn Area Access
0 No Insertion
1 Address hold wait state inserted after T1 bus cycle
ASW1 Address Setup Wait Insertion During CSn Area Access
0 No Insertion
1 Address setup wait state inserted before T1 bus cycle

Remark: n=0to7
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4.7 Idle State Insertion Function

To facilitate interfacing with low-speed memory devices, an idle state (TI) can be inserted into the
current bus cycle after the T2 state to meet the data output float delay time (tdf) on memory read
access for each CS space. The bus cycle following the T2 state starts after the idle state is inserted.

An idle state is inserted after read/write cycles for SRAM, external I/O, or external ROM.

In the following cases, an idle state is inserted in the timing.

¢ after read/write cycles for SRAM, external I/O, or external ROM
The idle state insertion setting can be specified by program using the bus cycle control register (BCC)
and the bus clock dividing control register (DVC).

Immediately after the system reset, idle state insertion is automatically programmed for all memory
blocks on read access.
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(1) Bus cycle control register (BCC)

This register can be read/written in 16-bit units.
Reset input changes the value of this register to initial setting AAAAH.

Cautions: 1. Idle states cannot be inserted in internal ROM, internal RAM, on-chip peripheral

I/0, or programmable peripheral I/O areas.

2. Write to the BCC register after reset, and then do not change the set value. Also,

do not access an external memory area other than that for this initialization
routine until initial setting of the BCC register is finished. However, it is possible
to access external memory areas whose initialization has been finished.

3. Do not change the settings of bits that are 0 after reset. Otherwise the operation

of the external bus interface cannot be ensured.

Figure 4-10: Bus Cycle Control Register (BCC)

After reset: AAAAH R/W Address: FFFFF48AH

BCC

Remark:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[sc71] o [scet| o [Best| o [Bcar] o [scar| o [Bc2t| o [Bc11] o [BCOT| 0 |
BCn1 Idle State Insertion During CSn Area Access
0 No insertion
1 Idle state inserted
Remark: When bit BCn1 bit is set to “1”, an idle state will be inserted after any read
access. If an idle state after write access is necessary, the BCWI bit of the DVC
register has to be set additionally.
n=0to7
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(2) Bus clock dividing control register (DVC)

This register can be read/written in 8-bit units.
Reset input changes the value of this register to initial setting 01H.

Cautions: 1. Idle states cannot be inserted in internal ROM, internal RAM, on-chip peripheral
I/0, or programmable peripheral I/O areas.

2. Write to the DVC register after reset, and then do not change the set value. Also,
do not access an external memory area other than that for this initialization
routine until initial setting of the DVC register is finished. However, it is possible
to access external memory areas whose initialization has been finished.

3. Do not change the settings of bits 0 to 6. Otherwise the operation of the external
bus interface cannot be ensured.

Figure 4-11: Bus Clock Dividing Control Register (DVC)
After reset: O1H R/W Address: FFFFF48EH
7 6 5 4 3 2 1 0
DVC BCWI 0 0 0 0 0 0
BCWI Idle State Insertion after Write Cycle
0 Idle state not inserted after write access
1 dle state inserted after write accessNote

166

Note: BCWI bit setting is only valid when BCn1 bit of the BCC register, corresponding to
the CSn area for which the write access will be performed, is setto “1”. (n =010 7)
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4.8 Bus Priority Order

There are two external bus cycles: operand data access and instruction fetch.

As for the priority order, the highest priority has the instruction fetch than operand data access.

An instruction fetch may be inserted between read access and write access during read modify write
access.

Also, an instruction fetch may be inserted between bus access and bus access during CPU bus clock.

Table 4-2: Bus Priority Order

Priority External Bus Cycle Bus Master
Order
LZW Operand data access CPU
High Instruction fetch CPU
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4.9 Boundary Operation Conditions

4.9.1 Program space

Branching to the on-chip peripheral I/O area is prohibited. If the above is performed, undefined data is
fetched, and fetching from the external memory is not performed.

4.9.2 Data space
The V850E/PH2 is provided with an address misalign function.
Through this function, regardless of the data format (word, halfword or byte), data can be allocated to

all addresses. However, in the case of word data and halfword data, if the data is not subject to
boundary alignment, the bus cycle will be generated at least 2 times and bus efficiency will drop.

(1) External bus width: 16 bits
(a) In the case of halfword-length data access

When the address’s LSB is 1, a byte-length bus cycle will be generated 2 times.

(b) In the case of word-length data access

¢ When the address’s LSB is 1, bus cycles will be generated in the order of byte-length bus cycle,
halfword-length bus cycle, and byte-length bus cycle.

¢ When the address’s lower 2 bits are 10B, a halfword-length bus cycle will be generated 2 times.

(2) External bus width: 32 bits
(a) In the case of halfword-length data access

When the address’s lower 2 bits are 11B, a byte-length bus cycle will be generated 2 times.
(b) In the case of word-length data access

When the address’s lower 2 bits are 10B, a halfword-length bus cycle will be generated 2 times.
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5.1 SRAM, External ROM, External I/O Interface

5.1.1 Features
e SRAM is accessed in a minimum of 2 states.

e Up to 7 states of programmable data waits can be inserted by setting the DWCO0 and DWCH1
registers.

¢ Data wait can be controlled via WAIT pin input.
¢ Anidle state can be inserted after a read/write cycle by setting the BCC and DVC registers.

¢ An address setup wait state and an address hold state can be inserted by setting the ASC register.
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5.1.2 SRAM connection

Examples of connection to SRAM are shown below.

Figure 5-1: Examples of Connection to SRAM (1/2)

(a) When Data Bus Width is 32 Bits and Data Size of SRAM is 8 Bits

V850E/PH2 SRAM
A2 to A20 AO to A18
D24 to D31 1/01 to 1/08
(1PD444008L
CSn CS 512 Kwords x 8 bits)
RD OE
_WR Sl T WE
BENS SRAM
A0 to A18
D16 to D23 1/01 to 1/08
(uPD444008L
CS 512 Kwords x 8 bits)
OE
— >t TME
BEN2 SRAM
AO to A18
D8 to D15 1/01 to 1/08
(1PD444008L
CS 512 Kwords x 8 bits)
OE
— > TIWE
BEN1 SRAM
AOto A18
DO to D7 101 to 1/08
(1PD444008L
CS 512 Kwords x 8 bits)
OE
I >1 | | WE
BENO

(b) When Data Bus Width is 8 Bits and Data Size of SRAM is 8 Bits
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V850E/PH2 SRAM
AOto A18 AOto A18
DO to D7 1/01 to 1/08
(uPD444008L
CSn CS 512 Kwords x 8 bits)
RD OE

WR WE

n=0,1,3,4
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Remark:

Figure 5-1:

(c) When Data Bus Width is 32 Bits and Data Size of SRAM is 16 Bits

A2
D16

V850E/PH2

to A19
to D31

Csn
RD
BEN3
BEN2
WR

DO to D15

BEN1
BENO

Examples of Connection to SRAM (2/2)

(d) When Data Bus Width is 16 Bits and Data Size of SRAM is 16 Bits

V850E/PH2

A1to A18
DO to D15

SRAM
A0 to A17
I/01 to 1/016
(uPD444016L
256 Kwords x 16 bits)

cs

OE

uB

B

WE

SRAM
A0 to A17
I/01 to 1/016
(uPD444016L
256 Kwords x 16 bits)

cs

OE

uB

LB

WE

Csn

RD

BEN1

BENO

WR

n=0,1,3,4

User’s Manual U16580EE2V0OUDOO

SRAM
A0 to A17
I/01 to /016
(1PD444016L
256 Kwords x 16 bits)

cs

OE

UB

LB

WE
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5.1.3 SRAM, external ROM, external I/O access

Figure 5-2: SRAM, External ROM, External I/O Access Timing (1/8)

(a) Read
T1 T2 T1 ™w T2
Bus clock 4
AO(;?H'SLZJ:) :X Address Address
CSn (output) _X Note 1 Note 1

RD (output) T \

WR (output)

A /A N (L N
X
X
X

BENO t?oﬁ :X Note 2 Note 2
DO to D31 —
(?nput) _> """ < Data ;} ...... < Dot
WAIT (input) 7 < \ \ | / 7 & \

without data wait insertion

with data wait insertion

Notes: 1. CSn output levels depend on the accessed area when enabled by BCTO0 and BCT1

registers.

2. BENO to BENS3 output levels depend on the accessed type (byte, half-word, or word) and
the external bus size (8, 16, or 32 bits) specified by the BSC register

Remarks: n=0

)1’3!4

Bus clock = fyx/2

1.
2.
3. The circle indicates the sampling timing.
4.

The dashed line indicates the high impedance state.
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Figure 5-2: SRAM, External ROM, External I/O Access Timing (2/8)
(b) Read (Idle State Inserted)
T T2 TI

Bus clock _/—\_ —\_ —\_ S

A0 to A21 (output)

><

Address

CSn (output) _X Note 1 / \
RD (output) | \ /
WR (output) H
BENO to BEN3 (output) _|X Note 2 / \
. ] \J
DO to D31 (input) - - - > ------ { Data ;} -------------- <:

\J

WAIT (input) ] / P \

Notes: 1. CSn output levels depend on the accessed area when enabled by BCTO and BCT1
registers.

2. BENO to BENS output levels depend on the accessed type (byte, half-word, or word) and

the external bus size (8, 16, or 32 bits) specified by the BSC register

Remarks: n=0,1,3,4
Bus clock = fyx/2

The circle indicates the sampling timing.

Eal S

The dashed line indicates the high impedance state.

User’s Manual U16580EE2V0OUDOO

173



Chapter 5 Memory Access Control Function

Figure 5-2: SRAM, External ROM, External I/O Access Timing (3/8)
(c) Read (Data Wait, Idle State Inserted)
T T™W T2 TI

Bus clock _/—\_ —\_ —\_ —\_ T

A0 to A21 (output) ]

Address X

CSn (output)

X
X
RD (output) | \

WR (output) H

BENO to BENS (output) | X Note 2 / \

DO to D31 (input) --T)------ { Data o EERERERE G

N

VA

Note 1

WAIT (input) \

N
e

N
%

Notes: 1. CSn output levels depend on the accessed area when enabled by BCTO and BCT1
registers.

2. BENO to BENS3 output levels depend on the accessed type (byte, half-word, or word) and
the external bus size (8, 16, or 32 bits) specified by the BSC register

Remarks: 1. n=0,1,3,4
2. Bus clock = fyx/2

3. The circle indicates the sampling timing.

4. The dashed line indicates the high impedance state.
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Figure 5-2: SRAM, External ROM, External I/O Access Timing (4/8)

(d) Read (Address Setup Wait and Address Hold Wait State Inserted)

Bus clock i,

A0 to A21 (output)

CSn (output)

D (output)

WR (output)

BENO to BEN3 (output)

DO to D31 (input)

T1S T T1H T
— —
_IX Address X
_X Note 1 X
\ /-
_X Note 2 X
e e { Data W

WAIT (input)

\%
e

Notes: 1. CSn output levels depend on the accessed area when enabled by BCTO and BCT1

registers.

2. BENO to BENS output levels depend on the accessed type (byte, half-word, or word) and
the external bus size (8, 16, or 32 bits) specified by the BSC register

Remarks: n=0,1,34

Eal S

Bus clock = fyx/2

The circle indicates the sampling timing.

The dashed line indicates the high impedance state.
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Figure 5-2: SRAM, External ROM, External I/O Access Timing (5/8)

(e) Write
T1 T2 Tt ™W T2
Bus clock i, —\_ —\_ —\_/_
AO( ctﬁtgﬁs) :X Address X Address ><:
CSn (output) :X Note 1 X Note 1 ><:

RD (output) H

WR (output) _—\ /—\
X
X

BENO to BEN3 —
(output) —

DO to D31 —]
(input) |

/_
X Note 2 /LX:
Data ?( Data Z?C

WAIT (input) / ¢ \ \ & / / ¥ \

without data wait insertion with data wait insertion

Notes: 1. CSn output levels depend on the accessed area when enabled by BCTO and BCT1
registers.

2. BENO to BENS3 output levels depend on the accessed type (byte, half-word, or word) and
the external bus size (8, 16, or 32 bits) specified by the BSC register

Remarks: 1. n=0,1,3,4

2. Bus clock = fyy/2

3. The circle indicates the sampling timing.
4

The dashed line indicates the high impedance state.
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Chapter 5 Memory Access Control Function

Figure 5-2: SRAM, External ROM, External I/O Access Timing (6/8)

(f) Write (Idle State Inserted)

T T2 TI
Bus clock _/—\_ —\_ —\_ T
A0 to A21 (output) :X Address X
CSn (output) :X Note 1 / \_
RD (output) H

BEN1 to BEN3 (output)

Note 2 / \_
Data O REEEEEEEEPEE <:

\

DO to D31 (input) - -+

WR (output) | \
X
X

N
P

WAIT (input) _ /

Notes: 1. CSn output levels depend on the accessed area when enabled by BCTO and BCT1
registers.

2. BENO to BENS output levels depend on the accessed type (byte, half-word, or word) and

the external bus size (8, 16, or 32 bits) specified by the BSC register

Remarks: n=0,1,3,4
Bus clock = fyx/2

The circle indicates the sampling timing.

Eal S

The dashed line indicates the high impedance state.
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Chapter 5 Memory Access Control Function

Figure 5-2: SRAM, External ROM, External I/O Access Timing (7/8)

(g) Write (Data Wait, Idle State Inserted)

T ™ T2 TI
Bus clock _/—\_ —\_ —\_ —\_ -
A0 to A21 (output) :X Address X
CSn (output) :X Note 1 X
RD (output) H

BENO to BEN3 (output)

Note 2 / \_
Data \} .............. <:

DO to D31 (input) - - |

WR (output) | \
X
X

™~

~
P

e

WAIT (input) \

N
%

Notes: 1. CSn output levels depend on the accessed area when enabled by BCTO and BCT1
registers.

2. BENO to BENS3 output levels depend on the accessed type (byte, half-word, or word) and
the external bus size (8, 16, or 32 bits) specified by the BSC register

Remarks: 1. n=0,1,3,4
2. Bus clock = fyx/2

3. The circle indicates the sampling timing.

4. The dashed line indicates the high impedance state.
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Chapter 5 Memory Access Control Function

Figure 5-2: SRAM, External ROM, External I/O Access Timing (8/8)

(h) Read (Address Setup Wait and Address Hold Wait State Inserted)

T1S T1 T1H T2

Bus clock  / —\_ —\_ T
A0 to A21 (output) :X Address
CSn (output) :X Note 1

RD (output) H

WR (output) \ /_
BENO to BEN3 (output) :X Note 2

DO to D31 (input) -- X Data 3( ---

g

WAIT (input)

N
%
/

Notes: 1. CSn output levels depend on the accessed area when enabled by BCTO and BCT1

registers.

2. BENO to BENS output levels depend on the accessed type (byte, half-word, or word) and
the external bus size (8, 16, or 32 bits) specified by the BSC register

Remarks: n=0,1,3,4

Bus clock = fyx/2

1
2
3. The circle indicates the sampling timing.
4

The dashed line indicates the high impedance state.
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Chapter 6 DMA Functions (DMA Controller)

6.1 Features

The V850E/PH2 includes a direct memory access (DMA) controller (DMAC) that executes and controls
DMA transfer.

The DMAC controls data transfer between internal RAM (iRAM) and peripheral I/O registers, based on
DMA requests issued by the on-chip peripheral 1/0 (A/D converters, inverter timers, and serial
interfaces), with the following features.

2 channels for DMA transfer from A/D converter (ADCO, ADC1)
Transfer object: /0 —iRAM

Transfer size: 16 bits

Dedicated transfer channels for ADCO and ADCH1

e 2 channels for DMA transfer to PWM timer (TMRO, TMR1)
Transfer object: iRAM —I/O

Transfer size: 16 bits

Dedicated transfer channels for TMRO and TMR1

e 2 channels for DMA transfer from serial interfaces on reception completion
Transfer object: /0 —iRAM
Transfer size: 8 or 16 bits
DMA request for each channel selectable
Clocked serial interfaces: CSIB0O, CSIB1, CSI30, CSI31
Asynchronous serial interface: UARTCO, UARTC1

e 2 channels for DMA transfer to serial interfaces on transmission repetition
Transfer object: iRAM —l/O
Transfer size: 8 or 16 bits
DMA request for each channel selectable
Clocked serial interfaces: CSIB0O, CSIB1, CS30, CSI31
Asynchronous serial interface: UARTCO, UARTC1

e Up to 256 transfer counts for each channel.
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Chapter 6 DMA Functions (DMA Controller)

6.2 Control Registers

(1) DMA transfer memory start address registers 0 to 7 (MARO to MAR7)

The MARnN register specifies the subordinated 16 bits of the DMA transfer start address within the
internal RAM area for the DMA channel n (n=0to 7).

This register can be read or written in 16-bit units.

After reset the register content is undefined.

Figure 6-1: DMA Transfer Memory Start Address Registers 0 to 7 (MARO to MAR?)

After reset:  undefined R/W Address: MARO FFFFF300H, MAR1 FFFFF302H
MAR2 FFFFF304H, MAR3 FFFFF306H
MAR4 FFFFF308H, MAR5 FFFFF30AH
MAR6 FFFFF30CH, MAR7 FFFFF30EH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MARR MARn|MARn{MARn|{MARn|MARn|MARN MARn{MARn|MARn|MARn|MARN MARn{MARn|MARn|MARn|MARnN
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

(n=0t07)

Cautions: 1. Since the internal RAM area is mapped between 3FFO0000H and 3FF7FFFH the
value written to the MARN register has to be in the range from 0000H to 7FFFH.

2. The value set to the MARN register is increased by each DMA transfer of chan-
nels. It does not keep the initial value after the DMA transfer ends.
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Chapter 6 DMA Functions (DMA Controller)

(2) DMA transfer SFR start address registers 2, 3 (SAR2, SAR3)

The SARn register specifies the start address of the TMR register for which the DMA transfer is
started on DMA channel n (n =2, 3).

This register can be read or written in 8-bit units.

After reset the register content is undefined.

Figure 6-2: DMA Transfer SFR Start Address Registers 2, 3 (SAR2, SAR3)

After reset: undefined R/W Address: SAR2 FFFFF314H,
SAR3 FFFFF316H
4 3 2 1 0
SARn | 0 0 0 0 0 SARN2 SARN1 SARNO
(n=2,3)

DMA Transfer Start Address of TMR Reload Register

SARN2 SARN1 SARNO n=2 n=3
Register Address Register Address
0 0 TROCCR5 | FFFFF590H | TR1CCR5 | FFFFF5DOH
0 1 TROCCR4 | FFFFF592H | TR1CCR4 | FFFFF5D2H
0 1 0 —Note1 | FFFFF594H | -Note1 | FFFFF5D4H
0 1 1 —Note2 | FFFFF596H | -Not2 | FFFFF5D6H
1 0 0 TROCCRO | FFFFF598H | TR1CCRO | FFFFF5D8H
1 0 1 TROCCR3 | FFFFF59AH | TR1CCR3 | FFFFFSDAH
1 1 0 TROCCR2 |FFFFF59CH| TR1CCR2 | FFFFF5DCH
1 1 1 TROCCR1 |FFFFF59EH| TR1CCR1 | FFFFFSDEH

Notes: 1. Although the register address is meaningless, a transfer to this address is always
performed when SARN2 to SARNO bits are equal to 010B or less.

2. Although the register address is meaningless, a transfer to this address is always
performed when SARN2 to SARNO bits are equal to 011B or less.

Caution: During DMA transfer (DEn = 1) the contents of the SARn register may change.
After each DMA transfer the contents is incremented by 1 until the final value (07H)
is reached.

When the SARN register contents becomes 07H, the initial set value is reloaded.
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Chapter 6 DMA Functions (DMA Controller)

(3) DMA transfer count registers 0 to 7 (DTCRO to DTCR7)

The DTCRn register is an 8-bit register that set the transfer count for DMA channel n and stores
the remaining transfer count during DMA transfer (n = 0 to 7).

This register can be read or written in 8-bit units.

After reset the register content is undefined.

Figure 6-3: DMA Transfer Count Registers 0 to 7 (DTCRO to DTCR?)

After reset: undefined R/W Address: DTCRO FFFFF320H, DTCR1 FFFFF322H
DTCR2 FFFFF324H, DTCR3 FFFFF326H
DTCR4 FFFFF328H, DTCR5 FFFFF32AH
DTCR6 FFFFF32CH, DTCR7 FFFFF32EH

7 6 5 4 3 2 1 0
DTCRn DTCRn7 | DTCRn6 | DTCRn5 | DTCRn4 | DTCRNn3 | DTCRn2 | DTCRn1 | DTCRNO

DTCRn|DTCRn|DTCRn|DTCRn|DTCRn|DTCRn|DTCRn|DTCRn| Remaining DMA
7 6 5 4 3 2 1 0 Transfer Counts
0 0 0 0 0 0 0 0 256
0 0 0 0 0 0 0 1
0 0 0 0 0 0 1 0
0 0 0 0 0 0 1 1
1 1 1 1 1 1 1 0 254
1 1 1 1 1 1 1 1 255

Cautions: 1. The value set to the DTCRn register is decreased by each DMA transfer of
channel n. It does not keep the initial value after the DMA transfer ends.
Therefore, after DMA transfer end the DTCRn register values becomes 00H.

2. A DMA request becomes only effective after the DTCRn register was written.
Even if 00H (means a transfer count of 256) is the initial value, the DTRCh register
must be rewritten in order to enable a new DMA transfer.

Remark: n=0to7
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(4) DMA mode control register (DMAMC)
The DMAMC register is an 8-bit register that controls the operation of the DMA channels.
This register can be read or written in 8-bit units.
Reset input clears this register to 00H.

Figure 6-4: DMA Mode Control Register (DMAMC)

After reset: OOH R/W Address: DMAMC FFFFF330H
7 6 5 4 3 2 1 0
DMAMC DE7 DE6 DE5 DE4 DE3 DE2 DE1 DEO
DEn Control Bit of DMA Channel n
0 DMA transfer operation of channel n disabled
1 DMA transfer operation of channel n enabled

Caution: Writing of the DE1 and DEO bits is prohibited if the corresponding A/D converter is
operating.

(5) DMA status register (DMAS)
The DMAS register is an 8-bit register that displays the transfer status of the DMA channels.
This register can be read or written in 8-bit units.
Reset input clears this register to O0H.

Figure 6-5: DMA Status Register (DMAS)

After reset: OOH R/W Address: DMAMC FFFFF332H
7 6 5 4 3 2 1 0
DMAS DMAS7 | DMAS6 | DMAS5 | DMAS4 | DMAS3 | DMAS2 | DMAS1 | DMASO
DMASN Status Bit of DMA Channel n
0 DMA transfer of channel n is idle or in progress
1 DMA transfer of channel n is completed

e The DMASN bit can be read and written, but it can only be cleared by writing 0 to it, and
it cannot be set by writing 1 to it.

e Since the DMASN bit is not cleared by the DMAC, it has to be cleared by software
before DMA transfer is started.

Remark: n=0to7
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(6) DMA data size control register (DMDSC)
The DMADSC register is an 8-bit register that controls the transfer data size of DMA channels
4 to 7. The data size of DMA channels 0 to 3 is fixed, and therefore not selectable.
This register can be read or written in 8-bit units.
Reset input clears this register to O0H.

Figure 6-6: DMA Data Size Control Register (DMDSC)

After reset: 00H R/W Address: DMAMC FFFFF334H
7 6 5 4 3
DMADSC |DMADSC7|DMADSC6DMADSC5DMADSC4 0 0 0
DMADSCn Transfer Data Size of DMA Channel n
0 8 bits
1 16 bits

Remark: n=4t07
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(7) DMA trigger factor registers 4 to 7 (DTFR4 to DTFR?7)

The DTFRn register is an 8-bit register that controls the DMA transfer start trigger of DMA channel
n via interrupt requests from on-chip peripheral I/O (n = 4 to 7).
The interrupt request set by this register serves as DMA transfer start factor.
This register can be read or written in 8-bit units.
Reset input clears this register to O0H.

Cautions: 1. Do not set the same transfer start factor by different DTFRn registers.

2. Do not rewrite the DTFRn register until a started DMA transfer ends
(corresponding DTCRn register value is 00H).

3. Write the DTFRn register before setting the corresponding DTCRn register.
According to the present transfer start factor in the DTFRn register a DMA might
be started when the DTCRn register is written previously.

Figure 6-7: DMA Trigger Factor Registers 4 to 7 (DTFR4 to DTFR7)

After reset: 00H

RIW Address: DTFR4 FFFFF348H, DTFR5 FFFFF34AH
DTFR6 FFFFF34CH, DTFR7 FFFFF34EH

6 5 4 3 1
DTFRn 0 0 0 0 0 IFCn2 IFCn1 IFCnO
IFCn2 FCn IFCno DMA Transfer Start Factor

whenn=45 whenn=26,7

0 0 DMA request from on-chip peripheral I/0 disabled

0 1 INTUCOR INTUCOT

0 1 0 INTUC1R INTUCIT

0 1 1 INTCBOR INTCBOT

1 0 0 INTCB1R INTCBIT

1 0 1 INTC30 INTC30

1 1 0 INTC31 INTC31

1 Setting prohibited

Remark: n=4to07

User’s Manual U16580EE2V0OUDOO

187



Chapter 6 DMA Functions (DMA Controller)

6.3 DMA Channel Priorities

The DMA channel priorities are fixed as follows.

DMA channel 0 > DMA channel 1 > DMA channel 2 >... > DMA channel 7

6.4 DMA Operation

6.4.1 DMA transfer of A/D converter result registers (ADC0, ADC1)

The DMAC has two dedicated channels to support DMA transfer for both A/D converters
independently, DMA channel 0 for A/D converter 0 and DMA channel 1 for A/D converter 1. As DMA
trigger factor, which requests and starts the DMA transfer, the end of conversion interrupt signal of the
corresponding A/D converter is pre-defined (INTADn) (n =0, 1).

For each DMA trigger the data will be transferred from the A/D conversion result register for DMA
(ADDMADN) into the internal RAM specified as destination. While the source transfer address is fixed to
the ADDMAn register of the corresponding A/D converter (ADCn), the destination start address can be
set up to any even address in the internal RAM.

When the DMA transfer count of a DMA channel terminates, the DMA transfer is stopped and a
termination interrupt is generated. The maximum DMA transfer count is 256.

Since the DMA transfer is performed for each finished A/D conversion, it is possible to transfer more
than conversion results of one A/D converter scan sequence. However, the user has to take care that
the number of transfer counts complies with the product of A/D converter scan area size and the
number of A/D converter start triggers.
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Figure 6-8: Initialization of DMA Transfer for A/D Conversion Result

Initialization of DMA transfer for
A/D conversion result of ADCn
(DMA channel 0 or 1)

ADCER bit=1?

ADCSn bit=1?

Disable operation of A/D converter n:
ADCERN bit=0

Y

Set up A/D conversion scan range in the
ADMN2 register

v

Set up the MARX register with destination
start address within iRAM in

v

Specify the DMA transfer count in the
DTCRXx register (1 to 256)

v

Clear status bit of DMA channel x:
DMASKX bit=0

v

Enable DMA transfer channel x:
DEx bit =1

v

Enable operation of A/D converter n:
ADCER bit =1

v

< End of initialization )

=0,1 (number of ADC channel)
n (number of DMA channel)

Remark: n
X
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Figure 6-9: Operation of DMA Channel 0/1

Gperation of DMA channel 0/1)

Y

DMA transfer will be enabled
by write access to the
corresponding DEn bit.

DEx bit newly
written ?

ADDMARQnN
occured ?

Transfer content from ADDMAn register to
iRAM : (MARXx) <~ ADDMAnN

Y

Increment source pointer:
MARx <MARX + 2

Y

Decrement DMA transfer count register:
DTCRx« DTCRx - 1

no

Set DMA transfer status bit: DMASx = 1

v

Generate interrupt signal (INTDMAXxNete)

Note: DMA transfer completion interrupt has the same interrupt vector address as the corresponding
A/D conversion completion interrupt (INTADn), and replaces that interrupt.

Remark: n=0,1 (number of ADC channel)
X=n

(number of DMA transfer channel)
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Figure 6-10: DMA Channel 0 and 1 Trigger Signal Timing

Setup MARx, DTCRX, Re-setup DTCRx, DMAMC
DMAMC register register (write DEX bit = 1)

o 0N NI

1 N h T ll/ l i
MARXx :X 1000H X 1002HX 1004HX 1006HX§ \\\\ 1008H \ 100AH X 1OOCHX 100EHX :1010H

DTCRx x 0003H X ooozHX 0001HX 0000HX§ ” 0000H J 0003H X 0002HX OOO1HX 10000H

INTADN 1 // 1

Remarks: 1. The DMA request by ADDMARQ is disregarded after INTDMA is generated, and the
DMA transfer is not restarted automatically. Write “1” in the corresponding DEx bit of the

DMAMC register again to enable the next transfer of DMA channel x. The DEXx bit is not
cleared by hardware.

2. n=0,1 (number of the A/D converter channel)
X=n (number of the DMA channel)
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6.4.2 DMA transfer of PWM timer reload (TMRO, TMR1)

The DMAC has two dedicated channels to support DMA transfer for both PWM timers TMRn
independently, DMA channel 2 for TMRO and DMA channel 3 for TMR1. As DMA trigger factor, which
requests and starts the DMA transfer, two corresponding timer interrupt signals are pre-defined
(INTTRnOD or INTTRNnCD). These are the same signals as for reloading the internal buffer compare
registers by the contents of the capture/compare registers TRNCCRm (n =0, 1)(m = 0 to 5).

For each DMA trigger data will be transferred from internal RAM to the capture/compare registers of
corresponding timer TMRn. The destination start address of the TMRn register (TRnCCO0, TRnCC2 to
TRnCC5) can be set up by the SARXx register, as well as the source start address in the internal RAM
by the MARX register. The destination end address is always fixed to TRnCC1 register, which also
enables the buffer reload in the timer TMRn period (ref. to Table 6-1).

The DMA transfer count is defined by the destination start and end address. However, an additionally
DMA trigger count is available, which can be specified in the DTCRXx register from 1 to 256. After
decrementing the DTCRXx register the DMAC will be prepared for a new DMA transfer from internal
RAM to the timer TMRn registers until the DMA trigger count terminates (DTCRXx register = 0).

Table 6-1: Timer TMR Address Mapping for DMA Transfer

DMA Transfer Destination Address DMA Transfer Source
TMRn registers Address Offset Address
TRnCCR5 OOH Selectable as start Any even address in internal
TRNCCR4 02H address RAM area
TRnCCRO 08H
TRnCCR3 0AH
TRnCCR2 OCH
TRnCCR1 OEH Always end address
Remark: n=0,1
m=0to5

X=n+2
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Remark:

Figure 6-11:

Initialization of DMA Transfer for TMRn Compare Registers

Initialization of DMA transfer for
TMRn compare registers
(DMA channel 2 or 3)

Set up SARX register with TMRn start
address offset (TRNCCRO,TRNCCR2 to
TRnCCR5)

v

Set up the MARX register with source
start address in iRAM

v

Specify the DMA transfer count in the
DTCRXx register (1 to 256)

v

Clear status bit of DMA channel x:
DMASKX bit =0

v

Enable DMA transfer channel x:
DEx bit =1

v

( End of initialization >

n=0,1 (number of TMR channel)

X =n+2 (number of DMA channel)
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Figure 6-12: Operation of DMA Channel 2/3

COperation of DMA channel Z/D

|
P

DMA transfer will be enabled
by write access to the
corresponding DEn bit.

DEX bit newly
written ?

INTTRnOD
occurred ?

INTTRNnCD
occurred ?

v

Initialize destination pointer to 1st
TMR compare register:
m <2 SARx + Address of TRNCCR5

<
Transfer content from iRAM to TMRn
compare register: (m) « (MARX)

Y

Increment destination pointer:
mem +2

Y

Increment source pointer:
MARx «MARx + 2

m > Address of
TRnCCRO ?

Decrement DMA transfer count register:
DTCRx <« DTCRx - 1

no

DTCRx = 0?

yes

| Set DMA transfer status bit: DMASx = 1 |

Y

| Generate interrupt signal (INTDMAX) |
J

Remark: n=0,1 (number of TMR channel)
X =n+2 (number of DMA transfer channel)
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Figure 6-13: DMA Channel 2 and 3 Trigger Signal Timing

Setup MARx, DTCRXx,
SARX register

INTTRnOD i

e ] I

INTTRnCD

DA transtr J I ((\ [

marx Y 10004 X 1002+ {1004 ) 1006H {1008+ ) 100AH 100EH { i1010H
sarc X oaH X osH N oeH X o7n X oan X\ osH X X o7H XiosH
DTCRx _ {__02H X ot Xi oH
| h

Remarks: 1. The DMA request by INTTRnNOD or INTTRNnCD is disregarded after INTDMAX is gener-
ated, and the DMA transfer is not restarted automatically. Write “1” in the corresponding
DEx bit of the DMAMC register again to enable the next transfer of DMA channel x. The
DEXx bit is not cleared by hardware.

2. n=0,1 (number of the TMR channel)
x=n+2 (number of the DMA channel)
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6.4.3 DMA transfer of serial interfaces

1)

Serial data reception with DMA transfer

The DMAC has two dedicated channels (4 and 5) to support the serial data reception. Each of
both channels can be assigned to a serial interface (CSI30, CSI31, CSIBO, CSIB1, UARTCO,
UARTC1). As DMA trigger factor, which requests and starts the DMA transfer, the corresponding
interrupt signal at the end of reception is pre-defined (ref. to Table 6-2).

For each DMA trigger the data will be transferred from the corresponding serial reception register
to internal RAM. Depending on the serial interface the transfer data size can be set to 8 or 16 bits
(refer to Table 6-2).

In case of 8 bits transfer data size, the destination address is incremented by 1 for each
occurrence of DMA trigger. When selecting 16 bits transfer data size the destination address must
be even, and is incremented by 2 for each DMA trigger.

When the DMA transfer count of a DMA channel terminates, the DMA transfer is stopped and a
DMA completion interrupt is generated. The maximum DMA transfer count is 255.

Table 6-2: DMA Configuration of Serial Data Reception

Serial Interface DMA Trigger Transfer Data Source Destination
Factor Size
CSI30 INTC30 8 bits SIRBOL Any iRAM address
16 bits SIRBO Any even iRAM address
CSI31 INTC31 8 bits SIRB1L Any iRAM address
16 bits SIRB1 Any even iRAM address
CSIBO INTCBOT 8 bits CBORXL Any iRAM address
16 bits CBORX Any even iRAM address
CsiB1 INTCB1T 8 bits CB1RXL Any iRAM address
16 bits CB1RX Any even iRAM address
UARTCO INTUCOT 8 bits UCORX Any iRAM address
16 bits Setting prohibited
UARTCH1 INTUCIT 8 bits UC1RX Any iRAM address
16 bits Setting prohibited
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The procedure of the DMA transfer in case of serial data reception is shown in Figure 6-14.

Remark:

n
X

Figure 6-14:

0
4

1
5

Initialization of DMA Transfer for Serial Data Reception

Initialization of DMA transfer for
serial data reception
(DMA channel 4 or 5)

!

Set up MARX register with the destination
start address in iRAM

!

Specify the DMA trigger factor in the
DTFRXx register depending on the used
serial interface (CSI3n, CSIBn, UARTCn)

.

Select the DMA transfer data size (8 or 16
bits) by the DMADSCx bit in the DMADSC
register

!

Specify the DMA transfer count in the
DTCRXx register (1 to 256)

!

Clear status bit of DMA channel x:
DMASKX bit =0

!

Enable DMA transfer channel x:
DEXx bit =1

y

End of initialization

(number of serial interface channel)
(number of DMA channel)
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Figure 6-15: Operation of DMA Channel 4/5

(Operation of DMA channel 4/5>

y

4

DMA transfer will be enabled by write
access to the corresponding DEn bit.

DEX bit newly
written ?

no

DMA trigger
factor occurred ?

DMA trigger factor is the interrupt
source specified by DTFRXx register.

DMADSCx bit=1?

Y \ 4
Transfer content from serial receive buffer Transfer content from serial receive buffer
(depending on DTFRXx register) to iRAM : (depending on DTFRXx register) to iRAM :
(MARx) SIRBn or CBnRX (MARx)  SIRBnL, CBnRXL or UXnRX
v
Increment source pointer: Increment source pointer:
MARx MARXx + 2 MARx MARX + 1
I
A
Decrement DMA transfer count register:
DTCRx DTCRx -1

no

DTCRx =0?

yes

Set DMA transfer status bit: DMASx = 1

v

Generate interrupt signal (INTDMAXxNete)
J

Note: DMA transfer completion interrupt has the same interrupt vector address as the corresponding
reception completion interrupt specified by DTFRX register, and replaces that interrupt.

1 (number of serial interface channel)
,5 (number of DMA transfer channel)
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Figure 6-16: DMA Channel 4 and 5 Trigger Signal Timing

MARm, DTCRm,
DTRFm, DMAMCm

'

Tri ignal
(by DTFRM registn [T _TJ1 T

DMA transfer —l —l —l ]

DTCRm,
DMAMCm

H

H

H

mARm Y 1000+ ) 1002 ) 1004H {_1006H )

1008H

\

100AH Y 100CH X 100EH )

1010H

otcRm Y ooosH Y ooo2H { 0001+ ) ooooH X

0000H

\
\

0003H ) 0002H X 0001H X

0000H

INTUCNR //
or INTCBnR -I -I
or INTCSI3n //

Remark: m=4,5
n=0,1

I
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()

Serial data transmission with DMA transfer

The DMAC has two dedicated channels (6 and 7) to support the serial data transmission. Each of
both channels can be assigned to a serial interface (CSI30, CSI31, CSIB0, CSIB1, UARTCO,
UARTC1). As DMA trigger factor, which requests and starts the DMA transfer, the corresponding
transmission enable interrupt signal is pre-defined (refer to Table 6-3).

For each DMA trigger the data will be transferred from internal RAM to the corresponding serial
transmit register. Depending on the serial interface the transfer data size can be set to 8 or 16 bits
(refer to Table 6-3).

In case of 8 bits transfer data size, the source address is incremented by 1 for each occurrence of
DMA trigger. When selecting 16 bits transfer data size the source address must be even, and is
incremented by 2 for each DMA trigger.

When the DMA transfer count of a DMA channel terminates, the DMA transfer is stopped and a
DMA completion interrupt is generated. The maximum DMA transfer count is 255.

Table 6-3: DMA Configuration of Serial Data Transmission

Serial Interface DMA Trigger Transfer Data Source Destination
Factor Size
Csl3gNote INTC30 8 bits Any iRAM address SFDBOL
16 bits Any even iRAM address SFDBO
Csl131Note INTC31 8 bits Any iRAM address SFDB1L
16 bits Any even iRAM address SFDBH1
CSIBO INTCBOT 8 bits Any iRAM address CBOTXL
16 bits Any even iRAM address CBOTX
CSIB1 INTCB1T 8 bits Any iRAM address CB1TXL
16 bits Any even iRAM address CB1TX
UARTCO INTUCOT 8 bits Any iRAM address UCOoTX
16 bits Setting prohibited
UARTCH INTUCIT 8 bits Any iRAM address UC1TX
16 bits Setting prohibited

Note: The serial peripheral chip select lines SCS0 to SCS3 will not be supported by DMA transfer.
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The procedure of the DMA transfer in case of serial data transmission is shown in Figure 6-17.

Remark:

Figure 6-17:

Initialization of DMA Transfer for Serial Data Transmission

Initialization of DMA transfer for
serial data transmission
(DMA channel 6 or 7)

A/

Set up MARX register with the source start
address in iRAM

!

Specify the DMA trigger factor in the
DTFRXx register depending on the used
serial interface (CSI3n, CSIBn, UARTCn)

!

Select the DMA transfer data size (8 or 16
bits) by the DMADSCx bit in the DMADSC
register

Y

Specify the DMA transfer count in the
DTCRXx register (1 to 256)

Y

Clear status bit of DMA channel x:
DMASX bit =0

Y

Enable DMA transfer channel x:
DEXx bit =1

v

End of initialization

(number of serial interface channel)
(number of DMA channel)
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Figure 6-18: DMA Channel 6 and 7 Trigger Signal Timing

MARm, DTCRm, DTCRm,
DTRFm, DMAMCm DMAMCm

' '

S N N ) N ﬂ%ﬂ 1 ﬂ_//_r 1]
DMA transfer —l —l —l u \ _| _| _l 2

\
mARm Y 1000+ ) 1002 X 1004H {_1006H X N\ 1008H N\ X100aH X 100cH) 100EH ) F1010H
\\
otcRm X ooosH Y oooz2H Y 0oo1H )} ooooH ) || ooooH 1] XooosH X ooozH X 00o1H ) fooooH
INTUCKT // /
or INTCBnT hI h|
or INTCSI3n I/ //

Remark: m=6,7
n=0,1
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Figure 6-19: Operation of DMA Channel 6/7

<Operation of DMA channel 6/7>

y

4

DEXx bit newly
written ?

DMA transfer will be enabled by write
access to the corresponding DEn bit.

no

DMA trigger
factor occurred ?

DMA trigger factor is the interrupt
source specified by DTFRXx register.

yes
(16 bit)

DMADSCx bit=1?

Y Y
Transfer content from iRAM to serial Transfer content from iRAM to serial

transmit buffer (spec. by DTFRx register): transmit buffer (spec. by DTFRXx register):

SFDBn or CBnTX < (MARXx) SFDBnL, CBnTXL or UCNTX « (MARX)

Increment source pointer: Increment source pointer:
MARx <~ MARX + 2 MARx <~MARX + 1
I
A
Decrement DMA transfer count register:
DTCRx <~ DTCRx - 1

no

DTCRx =07?

yes

| Set DMA transfer status bit: DMASx = 1 |

v

| Generate interrupt signal (INTDMAX "ete) |
I

Note: DMA transfer completion interrupt has the same interrupt vector address as the corresponding
transmission start interrupt specified by DTFRX register, and replaces that interrupt.

1 (number of serial interface channel)
, 7 (number of DMA transfer channel)
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6.4.4 Forcible termination of DMA transfer

A once started DMA transfer can be forcible terminated when the corresponding DEn bit in the DMAMC
register is cleared (0). However, if the DEn bit is cleared while DMA transferring, an once started data
transfer is stopped first after it has been finished (see Figure 6-20).

Figure 6-20: CPU and DMA Controller Processing of DMA Transfer Termination (Example)

CPU DMAC
processing processing
SAR2 = 0AH
DTCR2=8
DMAS2 =0
DE2=1 —
(DMA transfer channel 2
enabled) DMA trigger occurred
(INTTROCD) DMA transfer to TROCCR3
] = = = = m = s ee ===
"""""""""""" | DMA transfer to TROCCR2
e maaaaaaaa)
------------------------ DMA transfer to TROCCR1
DTCR2 =7
e e e maaeaaa
DMA trigger occurred
........................ >
(INTTROCD) DMA transfer to TROCCR3
e
DE2=0 ——
DMA transfer channel2 ~ t----------mvmvmnnnnnn "
1£orcibly disabled) DMA transfer to TROCCR2
] = = = = m = s ee ===
........................ -
DMA transfer to TROCCR1
DTCR2=6
e maaaaaaaa)
No further DMA trigger (INTTROCD) will be accepted
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6.5 DMA Interrupt Function

The peripheral 1/O interrupts of the A/D converters and the serial interfaces, which serve as DMA

trigger factors, are shared with the DMA transfer completion interrupt of the corresponding channel n
(INTDMAnN) (n =0, 1, 4 to 7). When a DMA channel is enabled the specified peripheral 1/O interrupt is
no longer applied to the interrupt controller. Instead of it the corresponding DMA transfer completion
interrupt is applied to the appropriate interrupt handler address.
In opposite to the other interrupts serving as DMA trigger factors, the TMRO interrupts INTTROOD and
INTTROCD, and the TMR1 interrupts INTTR10D and INTTR1CD respectively, are not shared with DMA
transfer completion interrupt of channel 2 (INTDMA2) and channel 3 (INTDMAS3) respectively. These

DMA completion interrupts have dedicated entries in the interrupt source list (refer to
”Interrupt/Exception Source List” on page 207).

Table 7-1:

Table 6-4 shows the relations between DMA trigger factors and DMA completion interrupts.

Table 6-4: Relations Between DMA Trigger Factors and DMA Completion Interrupts

DMA channel | DMA trigger factor DMA completion interrupt Remark

Name Entry Handler
Address

0 INTADO INTDMAO INTADO 00000670H Note

1 INTAD1 INTDMA1 INTAD1 00000680H Note
2 INTTROCD or INTDMA2 INTDMA2 000006FOH

INTROOD
3 INTTR1CD or INTDMAS INTDMA3 00000700H
INTR10D

4,5 INTC30 INTDMA4, INTC30 000005EOH Note

INTC31 INTDMAS INTC31 00000600H | Note

INTCBOR INTCBOR 00000580H Note

INTCB1R INTCB1R 000005B0OH Note

INTUCOR INTUCOR 00000620H Note

INTUC1R INTUC1R 00000650H Note

6,7 INTC30 INTDMAG, INTC30 000005EOH Note

INTC31 INTDMA7 INTC31 00000600H | Note

INTCBOT INTCBOT 00000570H Note

INTCB1T INTCIB1T 000005A0H Note

INTUCOT INTUCOT 00000630H Note

INTUCIT INTUCIT 00000660H Note

Note: An interrupt request is not generated for a signal, which serves as DMA trigger factor. Instead of
this the defined DMA completion interrupt request is executed on the same interrupt entry
address of the DMA trigger factor.
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Figure 6-21: Correlation between Serial I/O Interface Interrupts and DMA Completion Interrupts

INTUCOR' > INTUCOR' ™
INTUCTR' INTDMA4 INTUCOR
INTOBTR ]
INTCBIR' - | —
INTCSI30'
|NT82|§?. INTUCTR' ™
- » INTUC1R
/
L, INTCBOR!' ™
|NTD|\/|A5_l > = INTCBOR
DMA channel 5 L
\
INTCB1R' -
> » INTCB1R
/
\
INTCSI30'
| —\_Z>—> INTCSI30
\
INTCSI31' >
— \:Z>—~ INTCSI31
INTUCOR' ™
INTUCOT' INTUCOR
INTUCAT' INTDMAG _l -
NTCE0T oA amere—t— |
INTCSI30' > INTUCTR' ™
INTCSI31" > INTUC1R
/
INTCBOR' ™
— INTCBOR
INTDMA7 -
_l B
DMA channel 7
\
INTCB1R'
INTCB1R
/
\
INTCSI30'
/
\
INTCSI31"

\

Remark: Interrupt signals with quote mark (’) are signals, which are directly connected from the cor-
responding serial interface.
Interrupt signals without quote mark are provided to the interrupt controller.
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The V850E/PH2 microcontroller is provided with a dedicated interrupt controller (INTC) for interrupt
servicing, which realizes a high-performance interrupt function that can service interrupt requests from
a total of 107 sources.

An interrupt is an event that occurs asynchronously (independently of program execution), and an
exception is an event that occurs synchronously (dependently on program execution). Generally, an
exception takes precedence over an interrupt.

The V850E/PH2 microcontroller can process interrupt requests from the internal peripheral hardware
and external sources. Moreover, exception processing can be started (exception trap) by the TRAP
instruction (software exception) or by generation of an exception event (fetching of an illegal op code).

7.1 Features

e Interrupts
¢ Non-maskable interrupt: 1 source
¢ Maskable interrupt: 106 sources
* 8 levels programmable priorities
¢ Mask specification for the interrupt request according to priority
¢ Mask can be specified to each maskable interrupt request.

¢ Valid edge for detection of external interrupt request signal can be specified.

e Exceptions
e Software exceptions: 32 sources

e Exception trap: 1 source (illegal op code exception)

Interrupt/exception sources are listed in Table 7-1.

Table 7-1: Interrupt/Exception Source List (1/5)

Type  [Classification Interrupt/Exception Source Default| Exception | Handler |Restored
Name Control Generating Source Gener, |"riority]  Code Address PC
Register Unit
Reset Interrupt |RESET — |RESET input Pin — |0000H 00000000H |undefined
Non- Interrupt |NMI —  |NMlinput Pin — |0010H 00000010H | nextPC
maskable
Software |Exception|TraponNote| —  [TRAP instruction - - |004nHNote|00000040H | nextPC
eXCeptoN o ceptionTRAPIANO| —  [TRAP instruction - ~ |005nHNote|00000050H | nextPC
Exception |Exception|ILGOP/ — |lllegal opcode/ - — |0060H 00000060H | nextPC
trap DBTRAP DBTRAP instruction
Maskable |Interrupt [INTPO PICO |INTPO valid edge input |Pin 0 |0080H 00000080H | nextPC
Interrupt |INTP1 PIC1 |INTP1 valid edge input |Pin 1 |0090H 00000090H | nextPC
Interrupt |INTP2 PIC2 |INTP2 valid edge input [Pin 2 |00AOH 000000A0H | nextPC
Interrupt |INTP3 PIC3 |INTP3 valid edge input [Pin 3 |00BOH 000000BOH | nextPC
Interrupt |INTP4 PIC4 |INTP4 valid edge input |Pin 4 |00COH 000000COH | nextPC

Note: n=0to FH
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Table 7-1: Interrupt/Exception Source List (2/5)
Type  |[Classification Interrupt/Exception Source Default| Exception | Handler |Restored
Name | Control | Generating Source | Gener, | nofity|  Code | Address | PC
Register Unit
Maskable |(Interrupt |INTP5 PIC5 |INTP5 valid edge input |Pin 5 |00DOH 000000D0H | nextPC
Interrupt |INTP6 PIC6 |INTP6 valid edge input |Pin 6 |0OEOH 000000EQH | nextPC
Interrupt |INTP7 PIC7 |INTP7 valid edge input |Pin 7 |00FOH 000000F0H | nextPC
Interrupt |INTP8 PIC8 |INTP8 valid edge input |Pin 8 |0100H 00000100H | nextPC
Interrupt |INTP9 PIC9 |INTP9 valid edge input |Pin 9 |0110H 00000110H | nextPC
Interrupt |INTP10 PIC10 |INTP10 valid edge input [Pin 10 (0120H 00000120H | nextPC
Interrupt |INTP11 PIC11 |INTP11 valid edge input |Pin 11 |0130H 00000130H | nextPC
Interrupt |INTP12 PIC12 |INTP12 valid edge input [Pin 12 |0140H 00000140H | nextPC
Interrupt |INTTROOV |PIC13 |TROCNT overflow TMRO 13 |0150H 00000150H | nextPC
Interrupt |INTTROCCO |PIC14 |TROCCRO match TMRO 14 |0160H 00000160H | nextPC
Interrupt |INTTROCC1 |PIC15 [TROCCR1 match TMRO 15 |0170H 00000170H | nextPC
Interrupt |INTTROCC2 |PIC16 [TROCCR2 match TMRO 16 |0180H 00000180H | nextPC
Interrupt |INTTROCCS3 |PIC17 [TROCCR3 match TMRO 17 |0190H 00000190H | nextPC
Interrupt |INTTROCC4 |PIC18 [TROCCR4 match TMRO 18 |01AOH 000001AQH | nextPC
Interrupt |INTTROCCS5 |PIC19 [TROCCRS5 match TMRO 19 (01BOH 000001BOH | nextPC
Interrupt |INTTROCD |PIC20 |TROCNT top reversal [TMRO 20 |01COH 000001COH | nextPC
Interrupt [INTTROOD |PIC21 |TROCNT bottom TMRO 21 |01DOH 000001DOH | nextPC
reversal
Interrupt |INTTROER |PIC22 |TMRO error detection [TMRO 22 |01EOH 000001E0H | nextPC
Interrupt |INTTR10OV |PIC23 |TR1CNT overflow TMR1 23 |01FOH 000001FOH | nextPC
Interrupt |INTTR1CCO |PIC24 [TIR10 capture input/  |TMR1 24 |0200H 00000200H | nextPC
TR1CCRO match
Interrupt |INTTR1CC1 |PIC25 [TIR11 capture input/  |TMR1 25 |0210H 00000210H | nextPC
TR1CCR1 match
Interrupt |INTTR1CC2 |PIC26 |TIR12 capture input/ TMR1 26 |0220H 00000220H | nextPC
TR1CCR2 match
Interrupt |INTTR1CC3 |PIC27 [TIR13 capture input/  |TMR1 27 |0230H 00000230H | nextPC
TR1CCRS3 match
Interrupt |INTTR1CC4 |PIC28 [TR1CCR4 match TMR1 28 |0240H 00000240H | nextPC
Interrupt |INTTR1CC5 |PIC29 [TR1CCR5 match TMR1 29 |0250H 00000250H | nextPC
Interrupt |INTTR1CD |PIC30 [TR1CNT top reversal |TMR1 30 |0260H 00000260H | nextPC
Interrupt [INTTR10OD |PIC31 |TR1CNT bottom TMRA1 31 |0270H 00000270H | nextPC
reversal
Interrupt |INTTR1ER |[PIC32 |TMR1 error detection [TMR1 32 |0280H 00000280H | nextPC
Interrupt |INTTOOV  |PIC33 |TMTO overflow TMTO 33 |0290H 00000290H | nextPC
Interrupt [INTTOCCO |PIC34 (TITOO capture input/ TMTO 34 |02A0H 000002A0H | nextPC
TTOCCRO match
Interrupt [INTTOCC1 |PIC35 (TITO1 capture input/ TMTO 35 |02BOH 000002B0H | nextPC
TTOCCR1 match
Interrupt |INTTOEC  |PIC36 [TMTO encoder clear TMTO 36 |02COH 000002C0H | nextPC
Interrupt |INTT1OV ~ |PIC37 |TMT1 overflow TMT1 37 |02DOH 000002D0H | nextPC
Interrupt |INTT1CCO |PIC38 |TIT10 capture input/ TMTA 38 |02EOH 000002E0H | nextPC
TT1CCRO match
Interrupt [INTT1CC1 |PIC39 (TIT11 capture input/ TMT1 39 |02FOH 000002F0H | nextPC
TT1CCR1 match
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Table 7-1: Interrupt/Exception Source List (3/5)
Type |Classification Interrupt/Exception Source Default| Exception | Handler |Restored
Name | Control | Generating Source | Gener, | 'iofity| ~ Code | Address | PC
Register Unit

Maskable |Interrupt |INTT1EC PIC40 |TMT1 encoder clear TMTH 40 |0300H 00000300H | nextPC

Interrupt |INTPOOV  |PIC41 [TMPO overflow TMPO 41 |0310H 00000310H | nextPC

Interrupt |INTPOCCO |PIC42 ([TIPOO capture input/ TMPO 42 |0320H 00000320H | nextPC
TPOCCRO match

Interrupt |INTPOCC1 |PIC43 ([TIPO1 capture input/ TMPO 43 |0330H 00000330H | nextPC
TPOCCR1 match

Interrupt |INTP1OV  |PIC44 [TMP1 overflow TMP1 44 |0340H 00000340H | nextPC

Interrupt |INTP1CCO |PIC45 ([TIP10 pin/ TMP1 45 |0350H 00000350H | nextPC
TP1CCRO match

Interrupt |INTP1CC1 |[PIC46 |TIP11 capture input/ TMP1 46 |0360H 00000360H | nextPC
TP1CCR1 match

Interrupt |INTP20OV  |PIC47 (TMP2 overflow TMP2 47 |0370H 00000370H | nextPC

Interrupt |INTP2CCO |PIC48 ([TIP20 capture input/ TMP2 48 |0380H 00000380H | nextPC
TP2CCRO match

Interrupt |INTP2CC1 |PIC49 ([TIP21capture input/ TMP2 49 |0390H 00000390H | nextPC
TP2CCR1 match

Interrupt |INTP3OV  |PIC50 [TMP3 overflow TMP3 50 |03A0OH 000003A0H | nextPC

Interrupt |INTP3CCO |PIC51 ([TIP30 capture input/ TMP3 51 |03BOH 000003B0OH | nextPC
TP3CCRO match

Interrupt |INTP3CC1 |PIC52 ([TIP31 capture input/ TMP3 52 |03COH 000003COH | nextPC
TP3CCR1 match

Interrupt |INTP4OV  |PIC53 [TMP4 overflow TMP4 53 |03DOH 000003D0H | nextPC

Interrupt |INTP4CCO |PIC54 ([TIP40 capture input/ TMP4 54 |03EOH 000003EQH | nextPC
TP4CCRO match

Interrupt |INTP4CC1 |PIC55 |[TIP41 capture input/ TMP4 55 |03FOH 000003F0H | nextPC
TP4CCR1 match

Interrupt |INTP50V  |PIC56 (TMP5overflow TMP5 56 |0400H 00000400H | nextPC

Interrupt |INTP5CCO |PIC57 ([TIP50 capture input/ TMP5 57 |0410H 00000410H | nextPC
TP5CCRO match

Interrupt |INTP5CC1 |PIC58 |[TIP51 capture input/ TMP5 58 |0420H 00000420H | nextPC
TP5CCR1 match

Interrupt |INTP6OV  |PIC59 [TMP6 overflow TMP6 59 |0430H 00000430H | nextPC

Interrupt |INTP6CCO |PIC60 |[TIP60 capture input/ TMP6 60 |0440H 00000440H | nextPC
TP6CCRO match

Interrupt |INTP6CC1 |PIC61 [TIP61 capture input/ TMP6 61 |0450H 00000450H | nextPC
TP6CCR1 match

Interrupt |INTP7OV  |PIC62 [TMP7 overflow TMP7 62 |0460H 00000460H | nextPC

Interrupt |INTP7CCO |PIC63 ([TIP70 capture input/ TMP7 63 |0470H 00000470H | nextPC
TP7CCRO match

Interrupt |INTP7CC1 [PIC64 |TIP71 capture input/ TMP7 64 |0480H 00000480H | nextPC
TP7CCR1 match

Interrupt |INTP8OV  |PIC65 [TMP8 overflow TMP8 65 |0490H 00000490H | nextPC

Interrupt |INTP8CCO |PIC66 |TP8CCRO match TMP8 66 |04A0H 000004A0H | nextPC

Interrupt |INTP8CC1 |PIC67 [TP8CCR1 match TMP8 67 |04BOH 000004B0OH | nextPC

Interrupt |INTBRGO |PIC68 [BRGO match BRGO 68 |04COH 000004COH | nextPC

Interrupt |INTBRG1 |PIC69 [BRG1 match BRG1 69 |04DOH 000004D0H | nextPC

Interrupt |INTBRG2 |PIC70 [BRG2 match BRG2 70 |04EOH 000004EQH | nextPC
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Table 7-1: Interrupt/Exception Source List (4/5)
Type  |[Classification Interrupt/Exception Source Default| Exception | Handler |Restored
Name | Control | Generating Source | Gener, | nofity|  Code | Address | PC
Register Unit
Maskable |Interrupt |[INTCOERR |PIC71 [FCANO error FCANO 71 |04FOH 000004F0H | nextPC
Interrupt |INTCOWUP |PIC72 |FCANO wake up FCANO | 72 |0500H 00000500H | nextPC
Interrupt |INTCOREC |PIC73 |FCANO bus reception |FCANO 73 |0510H 00000510H | nextPC
Interrupt |INTCOTRX |PIC74 [FCANO bus FCANO | 74 |0520H 00000520H | nextPC
transmission
Interrupt |INTC1ERR |PIC75 [FCAN1 error FCAN1 75 |0530H 00000530H | nextPC
Interrupt |INTC1WUP |PIC76 |FCAN1 wake up FCAN1 76 |0540H 00000540H | nextPC
Interrupt |INTC1REC |PIC77 |FCAN1 bus reception |FCAN1 77 |0550H 00000550H | nextPC
Interrupt |INTC1TRX |PIC78 [FCAN1 bus FCAN1 78 |0560H 00000560H | nextPC
transmission
Interrupt |INTCBOT PIC79 |CSIBO transmission CcSsIBo/ 79 |0570H 00000570H | nextPC
enable/ DMA transfer [DMAC
completion
Interrupt [INTCBOR |PIC80 |[CSIBO reception CSIBoO/ 80 |0580H 00000580H | nextPC
completion/ DMA DMAC
transfer completion
Interrupt |INTCBORE |PIC81 |CSIBO receive error CSIBO 81 |0590H 00000590H | nextPC
Interrupt |INTCB1T PIC82 |CSIB1 transmission csiB1/ 82 |05A0H 000005A0H | nextPC
enable/ DMA transfer [DMAC
completion
Interrupt |INTCB1R |PIC83 |CSIB1 reception csiB1/ 83 |05BOH 000005B0H | nextPC
completion/ DMA DMAC
transfer completion
Interrupt |INTCB1RE |PIC84 |CSIB1 receive error CSIB1 84 |05COH 000005C0H | nextPC
Interrupt |INTC300VF |PIC85 |CSI30 overrun CSI30 85 |05DOH 000005D0H | nextPC
Interrupt {INTC30 PIC86 |CSI30 transmission CSI30/ 86 |05E0H 000005E0H | nextPC
enable/ DMA transfer [DMAC
completion
Interrupt |INTC310VF |PIC87 |CSI31 overrun CSI31 87 |05F0OH 000005F0H | nextPC
Interrupt |INTC31 PIC88 |CSI31 transmission CSI31/ 88 |0600H 00000600H | nextPC
enable/ DMA transfer [DMAC
completion
Interrupt |INTUCORE |PIC89 |UARTCO receive error [UARTCO| 89 |0610H 00000610H | nextPC
Interrupt |INTUCOR |PIC90 |UARTCO reception UARTCO| 90 |[0620H 00000620H | nextPC
completion/ DMA / DMAC
transfer completion
Interrupt [INTUCOT  |PIC91 |UARTCO transmission [UARTCO| 91 |0630H 00000630H | nextPC
enable/ DMA transfer |/ DMAC
completion
Interrupt |INTUC1RE |PIC92 |UARTC1receive error |[UARTC1| 92 |0640H 00000640H | nextPC
Interrupt |INTUC1R |PIC93 |UARTCH1 reception UARTC1| 93 |0650H 00000650H | nextPC
completion/ DMA / DMAC
transfer completion
Interrupt |INTUC1T  |PIC94 |UARTCI1 transmission |UARTC1| 94 |0660H 00000660H | nextPC
enable/ DMA transfer |/ DMAC
completion
Interrupt |INTADO PIC95 |ADCO conversion ADCO0/ 95 |0670H 00000670H | nextPC
completion/ DMA DMAC
transfer completion
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Table 7-1: Interrupt/Exception Source List (5/5)

Type |Classification Interrupt/Exception Source Default| Exception | Handler |Restored
Name | Control | Generating Source | Gener, | 'iofity| ~ Code | Address | PC
Register Unit
Maskable |(Interrupt |INTAD1 PIC96 |ADC1 conversion ADC1/ 96 |0680H 00000680H | nextPC
completion/ DMA DMAC
transfer completion
Interrupt [INTCC10 PIC97 |CC10 capture input/ TMENC1| 97 |0690H 00000690H | nextPC
compare match
Interrupt |INTCC11 PIC98 |CC11capture input/ TMENC1| 98 |06A0H 000006A0H | nextPC
compare match
Interrupt |INTCM10  |PIC99 |CM10 compare match |[TMENC1| 99 |06BOH 000006BOH | nextPC
Interrupt [INTCM11 PIC100 |CM10 compare match |[TMENC1| 100 [06COH 000006COH | nextPC
Interrupt |INTOVF PIC101 [TMENCH1 overflow TMENC1| 101 |06DOH 000006DOH | nextPC
Interrupt |INTUDF PIC102 ITMENC1 underflow TMENC1| 102 |06EOH 000006E0QH | nextPC
Interrupt |INTDMA2  |PIC103 [DMA channel 2 transfer [DMAC 103 |06FOH 000006F0H | nextPC
completion
Interrupt |INTDMA3  |PIC104 [DMA channel 3 transfer [DMAC 104 |0700H 00000700H | nextPC
completion
Interrupt |INTPERR |PIC105 |Internal RAM parity erroriRAM 105 |0710H 00000710H | nextPC
Remarks: 1. Default Priority: The priority order that takes precedence when two or more maskable

Restored PC:

nextPC:

interrupt requests at the same software priority level are present at the
same time. The highest priority is 0.

The value of PC saved when an interrupt/exception (other than RESET)
occurs is the value of the current PC, which holds the address of the
next instruction to be executed when returning from interrupt handling
routine. However, if the interrupt request occurs during execution of a
divide instruction (DIV, DIVH, DIVU or DIVHU), the value of the PC
saved is the address of the divide instruction itself (rather than the
address of the instruction following the divide instruction), because the
division is cancelled in this case, and restarted completely after
interrupt servicing.

The PC value that proceeds the processing following interrupt/
exception processing.

2. The execution address of the illegal instruction when an illegal opcode exception occurs
is calculated by (Restored PC - 4).
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7.2 Non-maskable Interrupt

A non-maskable interrupt request is acknowledged unconditionally, even when interrupts are in the
interrupt disabled (DI) status. A NMI is not subject to priority control and takes precedence over all the
other interrupts.

A non-maskable interrupt request is input from the NMI pin. When the valid edge specified by ESNO,
ESN1 bits of the interrupt mode register 0 (INTMO) is detected at the NMI pin, the interrupt occurs.
While the service program of the non-maskable interrupt is being executed (PSW.NP = 1), the
acknowledgment of another non-maskable interrupt request is held pending. The pending NMI is
acknowledged after the original service program of the non-maskable interrupt under execution has
been terminated (by the RETI instruction). Note that if two or more NMI requests are input during the
execution of the service program for a NMI, the number of NMIs that will be acknowledged after
PSW.NP is cleared to 0 is only one.

Remark: PSW.NP: The NP bit of the PSW register.
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7.2.1 Operation

If a non-maskable interrupt is generated, the CPU performs the following processing, and transfers
control to the handler routine:

1) Saves the restored PC to FEPC.

(1)

(2) Saves the current PSW to FEPSW.

(3) Writes exception code 0010H to the higher half-word (FECC) of ECR.

(4) Setsthe NP and ID bits of the PSW and clears the EP bit.

(5) Sets the handler address (00000010H) corresponding to the non-maskable interrupt to the PC,

and transfers control.

The processing configuration of a non-maskable interrupt is shown in Figure 7-1.

Figure 7-1: Processing Configuration of Non-Maskable Interrupt

5 C NMI input )

INTC
acknowledgement
Non-maskable interrupt
request
CPU processing
w |
0
FEPC Restored PC
FEPSW PSW
ECR.FECC  Exception
code
PSW.NP 1
PSW.EP 0
PSW.ID 1
PC NMI-Handler
address

C Interrupt service ) (Interrupt request pendingD
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Figure 7-2: Acknowledging Non-Maskable Interrupt Request

(a) If a new NMI request is generated while a NMI service program is being executed

C Main routine )

(PSW.NP = 1)

NMI request held pending because
PSW.NP =1

\

NMI request — NMI request —

Pending NMI request processed

A

(b) If a new NMI request is generated twice while a NMI service program is being executed

( Main routine )

NMI request —| Held pending because NMI service program is being processed

NMI request —

NMI request —| Held pending because NMI service program is being processed

Only one NMI request is acknowledged even though
two NMI requests are generated

R
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7.2.2 Restore

Execution is restored from the non-maskable interrupt (NMI) processing by the RETI instruction.
When the RETI instruction is executed, the CPU performs the following processing, and transfers
control to the address of the restored PC.

<1> Restores the values of the PC and the PSW from FEPC and FEPSW, respectively, because the
EP bit of the PSW is 0 and the NP bit of the PSW is 1.
<2> Transfers control back to the address of the restored PC and PSW.

Figure 7-3 illustrates how the RETI instruction is processed.

Figure 7-3: RETI Instruction Processing

( RETI instruction )

! 0

| 1

; PSW.NP

,,,,,,,,,,,,,,,,,,,,,,,,,, -0
PC ~—EIPC PC < FEPC
PSW ~—EIPSW PSW < FEPSW

( Original processing restored )

Caution: When the PSW.EP bit and PSW.NP bit are changed by the LDSR instruction during
non-maskable interrupt processing, in order to restore the PC and PSW correctly
during recovery by the RETI instruction, it is necessary to set PSW.EP back to 0 and
PSW.NP back to 1 using the LDSR instruction immediately before the RETI
instruction.

Remark: The solid line indicates the CPU processing flow.
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7.2.3 Non-maskable interrupt status flag (NP)

The NP flag is a status flag that indicates that non-maskable interrupt (NMI) processing is under

execution.
This flag is set when a NMI interrupt has been acknowledged, and masks all interrupt requests and
exceptions to prohibit multiple interrupts from being acknowledged.

Figure 7-4: Non-maskable Interrupt Status Flag (NP)

31 8 765 43210
T 1 1 1

LI 1 1 1
00 0000O0O0O0O0TO0CO0O0O0 0 0fNPJEP|ID[SAT|CY|OV|S|Z

| ——
PSW |O 0 0 0 0

T After reset

I 1 I
0000 00000020H

NP NMI Servicing Status

0 No NMI interrupt servicing

1 NMI interrupt currently servicing

7.2.4 Edge Detection Function

The behaviour of the non-maskable interrupt (NMI) can be specified by the interrupt mode register 0
(INTMO). The valid edge of the external NMI pin input can be specified by the ESNO and ESN1 bits.
The INTMO register can be read/written in 8-bit or 1-bit units.

Figure 7-5: NMI Edge Detection Specification: Interrupt Mode Register 0 (INTMO)

After reset: OOH R/W Address: FFFFF880H
7 6 5 4 3 2 1 0
INTMO ES21 ES20 ES11 ES10 ESO1 ES00 ESN1 ESNO
ESN1 ESNO Valid Edge Specification of NMI pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges
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7.3 Maskable Interrupts

Maskable interrupt requests can be masked by interrupt control registers. The V850E/PH2 has

106 maskable interrupt sources.

If two or more maskable interrupt requests are generated at the same time, they are acknowledged
according to the default priority. In addition to the default priority, eight levels of priorities can be
specified by using the interrupt control registers (programmable priority control).

When an interrupt request has been acknowledged, the acknowledgement of other maskable interrupt
requests is disabled and the interrupt disabled (DI) status is set.

When the El instruction is executed in an interrupt processing routine, the interrupt enabled (EI) status
is set, which enables servicing of interrupts having a higher priority than the interrupt request in
progress (specified by the interrupt control register). Note that only interrupts with a higher priority will
have this capability; interrupts with the same priority level cannot be nested.

However, if multiple interrupts are executed, the following processing is necessary.

(1) Save EIPC and EIPSW in memory or a general-purpose register before executing the El
instruction.

(2) Execute the Dl instruction before executing the RETI instruction, then reset EIPC and EIPSW with
the values saved in (1).

7.3.1 Operation

If a maskable interrupt occurs by INT input, the CPU performs the following processing, and transfers
control to a handler routine:

1) Saves the restored PC to EIPC.

(1)

(2) Saves the current PSW to EIPSW.

(8) Writes an exception code to the lower half-word of ECR (EICC).

(4) Sets the ID bit of the PSW and clears the EP bit.

(5) Sets the handler address corresponding to each interrupt to the PC, and transfers control.

The processing configuration of a maskable interrupt is shown in Figure 7-6.
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Figure 7-6: Maskable Interrupt Processing

C

INT input

)

INTC accepted

priority of i
with the

Priority higher than
that of interrupt currently
being processed?

Priority higher
than that of other interrupt
request?

ighest default

No

Is the interrupt
mask released?

No

No

nterrupt requests

No

same priority?

T (Maskable interrupt request)

CPU processing

Qnterrupt request held pending)

EIPC
EIPSW
ECR.EICC
PSW.EP
PSW.ID

bit of ISPRNet
PC

Corresponding =— 1

restored PC
PSW
exception code
0

1

Prert

-«— handler address

( Interrupt processing )

Qnterrupt request held pending)

Note: For the ISPR register, see 7.3.6 ”In-service priority register (ISPR)” on page 230.

An INT input masked by the interrupt controllers and an INT input that occurs while another interrupt is
being processed (when PSW.NP = 1 or PSW.ID = 1) are held pending internally by the interrupt
controller. In such case, if the interrupts are unmasked, or when PSW.NP = 0 and PSW.ID = 0 as set by
the RETI and LDSR instructions, input of the pending INT starts the new maskable interrupt

processing.
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7.3.2 Restore
Recovery from maskable interrupt processing is carried out by the RETI instruction.

When the RETI instruction is executed, the CPU performs the following steps, and transfers control to
the address of the restored PC.

(1) Restores the values of the PC and the PSW from EIPC and EIPSW because the EP bit of the
PSW is 0 and the NP bit of the PSW is 0.
(2) Transfers control to the address of the restored PC and PSW.

Figure 7-7 illustrates the processing of the RETI instruction.

Figure 7-7: RETI Instruction Processing

( RET]I instruction )

PC -— EIPC PC -— FEPC
PSW -— EIPSW PSW =«— FEPSW

( Restores original processing )

Note: Forthe ISPR register, see 7.3.6 ”In-service priority register (ISPR)” on page 230.

Caution: When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction
during maskable interrupt processing, in order to restore the PC and PSW correctly
during recovery by the RETI instruction, it is necessary to set PSW.EP back to 0 and
PSW.NP back to 0 using the LDSR instruction immediately before the RETI
instruction.

Remark: The solid lines show the CPU processing flow.
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7.3.3 Priorities of maskable interrupts

The V850E/PH2 provides multiple interrupt servicing in which an interrupt is acknowledged while
another interrupt is being serviced. Multiple interrupts can be controlled by priority levels.

There are two types of priority level control: control based on the default priority levels, and control
based on the programmable priority levels that are specified by the interrupt priority level specification
bit (PRn) of the interrupt control register (PICn). When two or more interrupts having the same priority
level specified by the PRn bit are generated at the same time, interrupts are serviced in order
depending on the priority level allocated to each interrupt request type (default priority level)
beforehand. For more information, refer to Table 7-1, “Interrupt/Exception Source List,” on
page 207. The programmable priority control customizes interrupt requests into eight levels by setting
the priority level specification flag.

Note that when an interrupt request is acknowledged, the ID flag of PSW is automatically set to 1.
Therefore, when multiple interrupts are to be used, clear the ID flag to 0 beforehand (for example, by
placing the El instruction in the interrupt service program) to set the interrupt enable mode.

Remark: n =0to 105 (number of interrupt)
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Figure 7-8: Example of Processing in which Another Interrupt Request Is Issued
while an Interrupt is being Processed (1/2)

( Main routine )

Interrupt request a —
(level 3)

Interrupt request ¢ —
(level 3)

Interrupt request e —
(level 2)

Interrupt request g —
(level 1)

E

\

Interrupt
request b
(level 2) —

A

Interrupt request d
(level 2)—

\ /)

Interrupt request f
(level 3) —

/!

El

Interrupt request h
(level 1) —

|

Processing of a

Processing of ¢

Processing of d

Processing of e

Processing of f

Processing of g

Processing of h

Processing of b

Interrupt request b is acknowledged because the
priority of b is higher than that of a and interrupts are
enabled.

Although the priority of interrupt request d is higher
than that of ¢, d is held pending because interrupts
are disabled.

Interrupt request f is held pending even if interrupts are
enabled because its priority is lower than that of e.

Interrupt request h is held pending even if interrupts are
enabled because its priority is the same as that of g.

Caution: The values of the EIPC and EIPSW registers must be saved before executing multiple
interrupts. When returning from multiple interrupt servicing, restore the values of
EIPC and EIPSW after executing the DI instruction.

Remarks: 1. ato uin the figure are the temporary names of interrupt requests shown for the sake of
explanation.

2. The default priority in the figure indicates the relative priority between two interrupt
requests.
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Figure 7-8: Example of Processing in which Another Interrupt Request Is Issued
while an Interrupt is being Processed (2/2)

( Main routine )

El

Processing of i
El Processing of k

Interrupt
requestj

lnter(rLeveI 8) Interrupt request j is held pending because its
pt request k N f
priority is lower than that of i.

level 1) ™™
(level 1) k that occurs after j is acknowledged because it
has the higher priority.
Processing of j

Processing of |

Interrupt request i —
(level 2)

Interrupt requests m and n are held pending

Interrupt e ; h )
request ﬁq bgcaLIJse servicing of | is performed in the interrupt
Interrupt request | — (level 3) ~ disabled status.
Interrupt request n
(level 2) (level 1) _»

Pending interrupt requests are acknowledged after
servicing of interrupt request 1.

At this time, interrupt request n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Processing of m

Processing of o
/?EI Processing of pP g of
Interrupt request o — \/TEI rocessing of q .
(level 3) r‘lanterrupt —w " Interrupt El Processing of r
quest p
request q—L—"Interrupt

level 2
(lovel 2) (level 1) request r —»
(level 0)

Processing of n

If levels 3 to 0 are acknowledged

Processing of s Pending interrupt requests t and u are
acknowledged after servicing of s.

interrupt Because the priorities of t and u are the same, u is
request t acknowledged first because it has the higher
Interrupt request s — (level 2) | Nete1 default priority, regardiess of the order in which the
(level 1) Interrupt request u interrupt requests have been generated.

level 2)—m| Note2

Processing of u

Processing of t

Notes: 1. Lower default priority
2. Higher default priority
Caution: The values of the EIPC and EIPSW registers must be saved before executing multiple

interrupts. When returning from multiple interrupt servicing, restore the values of
EIPC and EIPSW after executing the DI instruction.
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Figure 7-9: Example of Processing Interrupt Requests Simultaneously Generated

( Main routine )

El

Interrupt request a (level 2)
Interrupt request b (level 1)

Processing of interrupt request b = Interrupt request b and c are
Interrupt request c (level 1) o ptreq pireq

acknowledged first according to
their priorities.
* Because the priorities of b and c are
Default priorit . . the same, b is acknowledged first
p y Processing of interrupt request ¢ according to the default priority.

a>b>c

Processing of interrupt request a

il

Caution: The values of the EIPC and EIPSW registers must be saved before executing multiple
interrupts. When returning from multiple interrupt servicing, restore the values of
EIPC and EIPSW after executing the DI instruction.
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7.3.4 Interrupt control register (PICn)

An interrupt control register is assigned to each interrupt request (maskable interrupt) and sets the
control conditions for each maskable interrupt request.
This register can be read/written in 8-bit or 1-bit units.

Figure 7-10: Interrupt Control Register (PICn)

After reset:  47H R/W Address: Refer to Table 7-2
7 6 5 4 3 2 1 0
PICn IFn MKn 0 0 0 PRn2 PRn1 PRnO

IFn Interrupt Request Flag nNote
0 Interrupt request is not issued
1 Interrupt request issued

MKn Interrupt Mask Flag n
0 Interrupt servicing enabled
1 Interrupt servicing disabled (IFn flag hold pending)

PRn2 PRn1 PRnO Interrupt Priority Specification n
0 0 0 Specifies level 0 (highest)
0 0 1 Specifies level 1
0 1 0 Specifies level 2
0 1 1 Specifies level 3
1 0 0 Specifies level 4
1 0 1 Specifies level 5
1 1 0 Specifies level 6
1 1 1 Specifies level 7 (lowest)

Note: Automatically reset by hardware when interrupt request is acknowledged.

Remark: n =010 105 (see Table 7-2: Addresses and Bits of Interrupt Control Registers)
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Table 7-2: Addresses and Bits of Interrupt Control Registers (1/3)

Address Register Bit Associated
7 6 5 7 3 ) 1 0 Interrupt
FFFFF110H | PICO IFO MKO 0 0 0 PRO2 PRO1 PROO |INTPO
FFFFF112H | PICAH IF1 MK1 0 0 0 PR12 PR11 PR10 |INTP1
FFFFF114H | PIC2 IF2 MK2 0 0 0 PR22 PR21 PR20 |INTP2
FFFFF116H | PIC3 IF3 MK3 0 0 0 PR32 PR31 PR30 |INTP3
FFFFF118H | PIC4 IF4 MK4 0 0 0 PR42 PR41 PR40 |INTP4
FFFFF11AH | PIC5 IF5 MK5 0 0 0 PR52 PR51 PR50 |INTP5
FFFFF11CH | PIC6 IF6 MK6 0 0 0 PR62 PR61 PR60 |INTP6
FFFFF11EH | PIC7 IF7 MK7 0 0 0 PR72 PR71 PR70 |INTP7
FFFFF120H | PIC8 IF8 MK8 0 0 0 PR82 PR81 PR80 |INTP8
FFFFF122H | PIC9 IF9 MK9 0 0 0 PR92 PR91 PR90 |INTP9
FFFFF124H | PIC10 IF10 | MK10 0 0 0 PR102 | PR101 | PR100 |INTP10
FFFFF126H | PIC11 IF11 | MK11 0 0 0 | PR112 | PR111 | PR110 |INTP11
FFFFF128H | PIC12 IF12 | MK12 0 0 0 PR122 | PR121 | PR120 |INTP12
FFFFF12AH | PIC13 IF13 | MK13 0 0 0 PR132 | PR131 | PR130 (INTTROOV
FFFFF12CH | PIC14 IF14 | MK14 0 0 0 PR142 | PR141 | PR140 |INTTROCCO
FFFFF12EH | PIC15 IF15 | MK15 0 0 0 PR152 | PR151 | PR150 (INTTROCC1
FFFFF130H | PIC16 IF16 | MK16 0 0 0 PR162 | PR161 | PR160 [INTTROCC2
FFFFF132H | PIC17 IF17 | MK17 0 0 0 PR172 | PR171 | PR170 |INTTROCC3
FFFFF134H | PIC18 IF18 | MK18 0 0 0 PR182 | PR181 | PR180 |INTTROCC4
FFFFF136H | PIC19 IF19 | MK19 0 0 0 PR192 | PR191 | PR190 |INTTROCC5
FFFFF138H | PIC20 IF20 | MK20 0 0 0 PR202 | PR201 | PR200 (INTTROCD
FFFFF13AH | PIC21 IF21 | MK21 0 0 0 PR212 | PR211 | PR210 (INTTROOD
FFFFF13CH | PIC22 IF22 | MK22 0 0 0 PR222 | PR221 | PR220 |INTTROER
FFFFF13EH | PIC23 IF23 | MK23 0 0 0 PR232 | PR231 | PR230 (INTTR10OV
FFFFF140H | PIC24 IF24 | MK24 0 0 0 PR242 | PR241 | PR240 |INTTR1CCO
FFFFF142H | PIC25 IF25 | MK25 0 0 0 PR252 | PR251 | PR250 (INTTR1CC1
FFFFF144H | PIC26 IF26 | MK26 0 0 0 PR262 | PR261 | PR260 [INTTR1CC2
FFFFF146H | PIC27 IF27 | MK27 0 0 0 PR272 | PR271 | PR270 |INTTR1CC3
FFFFF148H | PIC28 IF28 | MK28 0 0 0 PR282 | PR281 | PR280 |INTTR1CC4
FFFFF14AH | PIC29 IF29 | MK29 0 0 0 PR292 | PR291 | PR290 |INTTR1CC5
FFFFF14CH | PIC30 IF30 | MK30 0 0 0 PR302 | PR301 | PR300 (INTTR1CD
FFFFF14EH | PIC31 IF31 | MK31 0 0 0 PR312 | PR311 | PR310 [INTTR10D
FFFFF150H | PIC32 IF32 | MK32 0 0 0 PR322 | PR321 | PR320 (INTTR1ER
FFFFF152H | PIC33 IF33 | MK33 0 0 0 PR332 | PR331 | PR330 |INTTOOV
FFFFF154H | PIC34 IF34 | MK34 0 0 0 PR342 | PR341 | PR340 (INTTOCCO
FFFFF156H | PIC35 IF35 | MK35 0 0 0 PR352 | PR351 | PR350 |INTTOCCH
FFFFF158H | PIC36 IF36 | MK36 0 0 0 PR362 | PR361 | PR360 |INTTOEC
FFFFF15AH | PIC37 IF37 | MK37 0 0 0 PR372 | PR371 | PR370 |INTT10V
FFFFF15CH | PIC38 IF38 | MK38 0 0 0 PR382 | PR381 | PR380 (INTT1CCO
FFFFF15EH | PIC39 IF39 | MK39 0 0 0 PR392 | PR391 | PR390 |INTT1CC1
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Table 7-2: Addresses and Bits of Interrupt Control Registers (2/3)

Address Register Bit Associated
- 6 5 4 3 > ] 0 Interrupt
FFFFF160H | PIC40 IF40 | MK40 0 0 0 PR402 | PR401 | PR400 (INTT1EC
FFFFF162H | PIC41 IF41 | MK41 0 0 0 PR412 | PR411 | PR410 (INTPOOV
FFFFF164H | PIC42 IF42 | MK42 0 0 0 PR422 | PR421 | PR420 (INTPOCCO
FFFFF166H | PIC43 IF43 | MK43 0 0 0 PR432 | PR431 | PR430 (INTPOCCH
FFFFF168H | PIC44 IF44 | MK44 0 0 0 PR442 | PR441 | PR440 |INTP10OV
FFFFF16AH | PIC45 IF45 | MK45 0 0 0 PR452 | PR451 | PR450 (INTP1CCO
FFFFF16CH | PIC46 IF46 | MK46 0 0 0 PR462 | PR461 | PR460 (INTP1CCH
FFFFF16EH | PIC47 IF47 | MK47 0 0 0 PR472 | PR471 | PR470 (INTP20V
FFFFF170H | PIC48 IF48 | MK48 0 0 0 PR482 | PR481 | PR480 (INTP2CCO
FFFFF172H | PIC49 IF49 | MK49 0 0 0 PR492 | PR491 | PR490 (INTP2CCH
FFFFF174H | PIC50 IF50 | MK50 0 0 0 PR502 | PR501 | PR500 (INTP30OV
FFFFF176H | PIC51 IF51 | MK51 0 0 0 | PR512 | PR511 | PR510 |INTP3CCO
FFFFF178H | PIC52 IF52 | MK52 0 0 0 PR522 | PR521 | PR520 (INTP3CCH
FFFFF17AH | PIC53 IF53 | MK53 0 0 0 PR532 | PR531 | PR530 (INTP40OV
FFFFF17CH | PIC54 IF54 | MK54 0 0 0 PR542 | PR541 | PR540 (INTP4CCO
FFFFF17EH | PIC55 IF55 | MK55 0 0 0 PR552 | PR551 | PR550 (INTP4CCH
FFFFF180H | PIC56 IF56 | MK56 0 0 0 PR562 | PR561 | PR560 (INTP50V
FFFFF182H | PIC57 | IF57 | MK57 | 0 0 0 | PR572 | PR571 | PR570 |INTP5CCO
FFFFF184H | PIC58 IF58 | MK58 0 0 0 PR582 | PR581 | PR580 (INTP5CCH
FFFFF186H | PIC59 IF59 | MK59 0 0 0 PR592 | PR591 | PR590 (INTP6OV
FFFFF188H | PIC60 IF60 | MK60 0 0 0 PR602 | PR601 | PR600 (INTP6CCO
FFFFF18AH | PIC61 IF61 | MK61 0 0 0 PR612 | PR611 | PR610 (INTP6CCH
FFFFF18CH | PIC62 IF62 | MK62 0 0 0 PR622 | PR621 | PR620 (INTP70V
FFFFF18EH | PIC63 IF63 | MK63 0 0 0 PR632 | PR631 | PR630 (INTP7CCO
FFFFF190H | PIC64 IF64 | MK64 0 0 0 PR642 | PR641 | PR640 (INTP7CCH
FFFFF192H | PIC65 IF65 | MK65 0 0 0 PR652 | PR651 | PR650 (INTP8OV
FFFFF194H | PIC66 IF66 | MK66 0 0 0 PR662 | PR661 | PR660 (INTP8CCO
FFFFF196H | PIC67 IF67 | MK67 0 0 0 PR672 | PR671 | PR670 (INTP8CCH
FFFFF198H | PIC68 IF68 | MK68 0 0 0 PR682 | PR681 | PR680 (INTBRGO
FFFFF19AH | PIC69 IF69 | MK69 0 0 0 PR692 | PR691 | PR690 (INTBRGH
FFFFF19CH | PIC70 IF70 | MK70 0 0 0 PR702 | PR701 | PR700 (INTBRG2
FFFFF19EH | PIC71 IF71 | MK71 0 0 0 PR712 | PR711 | PR710 (INTCOERR
FFFFF1AOH | PIC72 IF72 | MK72 0 0 0 PR722 | PR721 | PR720 (INTCOWUP
FFFFF1A2H | PIC73 IF73 | MK73 0 0 0 PR732 | PR731 | PR730 (INTCOREC
FFFFF1A4H | PIC74 IF74 | MK74 0 0 0 PR742 | PR741 | PR740 [INTCOTRX
FFFFF1A6H | PIC75 IF75 | MK75 0 0 0 PR752 | PR751 | PR750 (INTC1ERR
FFFFF1A8H | PIC76 IF76 | MK76 0 0 0 PR762 | PR761 | PR760 (INTC1WUP
FFFFF1AAH | PIC77 IF77 | MK77 0 0 0 PR772 | PR771 | PR770 |INTC1REC
FFFFF1ACH | PIC78 IF78 | MK78 0 0 0 PR782 | PR781 | PR780 [INTC1TRX
FFFFF1AEH | PIC79 IF79 | MK79 0 0 0 PR792 | PR791 | PR790 (INTCBOT
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Table 7-2: Addresses and Bits of Interrupt Control Registers (3/3)

Address Register Bit Associated
7 6 5 7 3 ) 1 0 Interrupt
FFFFF1BOH | PIC80 IF80 | MK80 0 0 0 PR802 | PR801 | PR800 |INTCBOR
FFFFF1B2H | PIC81 IF81 | MK81 0 0 0 PR812 | PR811 | PR810 (INTCBORE
FFFFF1B4H | PIC82 IF82 | MK82 0 0 0 PR822 | PR821 | PR820 (INTCB1T
FFFFF1B6H | PIC83 IF83 | MK83 0 0 0 PR832 | PR831 | PR830 |INTCB1R
FFFFF1B8H | PIC84 IF84 | MK84 0 0 0 PR842 | PR841 | PR840 (INTCB1RE
FFFFF1BAH | PIC85 IF85 | MK85 0 0 0 PR852 | PR851 | PR850 (INTC300OVF
FFFFF1BCH | PIC86 IF86 | MK86 0 0 0 PR862 | PR861 | PR860 |INTC30
FFFFF1BEH | PIC87 IF87 | MK87 0 0 0 PR872 | PR871 | PR870 (INTC310VF
FFFFF1COH | PIC88 IF88 | MK88 0 0 0 PR882 | PR881 | PR880 (INTC31
FFFFF1C2H | PIC89 IF89 | MK89 0 0 0 PR892 | PR891 | PR890 |INTUCORE
FFFFF1C4H | PIC90 IF90 | MK90 0 0 0 PR902 | PR901 | PR900 (INTUCOR
FFFFF1C6H | PIC91 IFO1 | MKO91 0 0 0 PR912 | PR911 | PR910 |INTUCOT
FFFFF1C8H | PIC92 IF92 | MK92 0 0 0 PR922 | PR921 | PR920 |INTUC1RE
FFFFF1CAH | PIC93 IF93 | MK93 0 0 0 PR932 | PR931 | PR930 (INTUC1R
FFFFF1CCH| PIC94 IF94 | MK94 0 0 0 PR942 | PR941 | PR940 |INTUCIT
FFFFF1CEH | PIC95 IF95 | MK95 0 0 0 PR952 | PR951 | PR950 (INTADO
FFFFF1DOH | PIC96 IF96 | MK96 0 0 0 PR962 | PR961 | PR960 |INTAD1
FFFFF1D2H | PIC97 IF97 | MK97 0 0 0 PR972 | PR971 | PR970 |INTCC10
FFFFF1D4H | PIC98 IFO8 | MK98 0 0 0 PR982 | PR981 | PR980 (INTCC11
FFFFF1D6H | PIC99 IF99 | MK99 0 0 0 PR992 | PR991 | PR990 |INTCM10
FFFFF1D8H | PIC100 | IF100 | MK100| © 0 0 | PR1002 | PR1001 | PR1000 INTCM11
FFFFF1DAH | PIC101 | IF101 | MK101 0 0 0 PR1012 | PR1011 | PR1010 |INTOVF
FFFFF1DCH| PIC102 | IF102 | MK102 0 0 0 PR1022 | PR1021 | PR1020 |INTUDF
FFFFF1DEH | PIC103 | IF103 | MK103 0 0 0 PR1032 | PR1031 | PR1030 |INTDMA2
FFFFF1EOH | PIC104 | IF104 | MK104 0 0 0 PR1042 | PR1041 | PR1040 |INTDMA3
FFFFF1E2H | PIC105 | IF105 | MK105 0 0 0 PR1052 | PR1051 | PR1050 |INTPERR
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7.3.5 Interrupt mask registers 0 to 6 (IMRO to IMRG6)

The IMRO to IMR6 registers set the interrupt mask state for the maskable interrupts. The IMKO to
IMK104 bits are equivalent to the MKn bit in the corresponding PICn register.

The IMBRm register (m = 0 to 6) can be read or written in 16-bit units.

If the higher 8 bits of the IMRm register are used as the IMRmH register and the lower 8 bits as the
IMBmL register, these registers can be read or written in 8-bit or 1-bit units.

Reset input sets these registers to FFFFH.

Bits 15 to 9 of the IMR®6 register (bits 7 to 1 of the IMR6H register) are fixed to 1. If these bits are not 1,
the operation cannot be guaranteed.

Caution: The device file defines the MKn bit as a reserved word. If a bit is manipulated using

the name of MKn, the contents of the PICn register, instead of the IMRm register, are
rewritten (as a result, the contents of the IMRm register are also rewritten).

Figure 7-11: Interrupt Mask Registers 0 to 2 (IMRO to IMR2)

After reset: FFFFH R/W Address: IMRO FFFFF100H
IMROL FFFFF100H, IMROH FFFFF101H
15 14 13 12 11 10 9 8
IMRO | MK15 [ MK14 | MKI13 | MKI2 | MK11 | MKIO | MK9 | MKs |
7 6 5 4 3 2 1 0
| MK7 | MK6 | MKs | MK4 | MK3 | MK2 | MKI | MKO |
After reset: FFFFH R/W Address: IMR1 FFFFF102H
IMR1L FFFFF102H, IMR1H FFFFF103H
15 14 13 12 11 10 9 8
IMR1 | MK31 [ MK30 | MK29 | MK28 | MK27 | MK26 | MK25 | MK24 |
7 6 5 4 3 2 1 0

| MK23 \ MK22 \ MK21 \ MK20 \ MK19 \ MK18 \ MK17 \ MK16 |

After reset: FFFFH R/W Address: IMR2 FFFFF104H
IMR2L FFFFF104H, IMR2H FFFFF105H
15 14 13 12 11 10 9 8
IMR2 | MK47 | MK46 | MK45 | MK44 | MK43 | MK42 | MK41 | MK40 |
7 6 5 4 3 2 1 0

| MK39 \ MK38 \ MK37 \ MK36 \ MK35 \ MK34 \ MK33 \ MK32 |

IMKn Interrupt Mask Flag
0 Enable interrupt servicing
1 Disable interrupt servicing (pending)

Remark: n=01to 105 (see Table 7-1)
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After reset:

After reset:

After reset:

After reset:

Figure 7-12: Interrupt Mask Registers 3 to 6 (IMR3 to IMRG6)
FFFFH R/W Address: IMR3 FFFFF106H
IMR3L FFFFF106H, IMR3H FFFFF107H
15 14 13 12 11 10 9 8
| MK63 \ MK62 \ MK61 \ MK60 \ MK59 | MK58 | MK57 | MK56 |
| MK55 \ MK54 \ MK53 \ MK52 \ MK51 | MK50 | MK49 | MK48 |
FFFFH R/W Address: IMR4 FFFFF108H
IMR4L FFFFF108H, IMR4H FFFFF109H
15 14 13 12 11 10 9 8
| MK79 \ MK78 \ MK77 \ MK76 \ MK75 | MK74 | MK73 | MK72 |
| MK71 \ MK70 \ MK69 \ MK68 \ MK67 | MK66 | MK65 | MK64 |
FFFFH R/W Address: IMR5 FFFFF10AH
IMR5L FFFFF10AH, IMR5H FFFFF10BH
15 14 13 12 11 10 9 8
| MK95 \ MK94 \ MK93 \ MK92 \ MK91 | MK90 | MK89 | MK88 |
| MK87 \ MK86 \ MK85 \ MK84 \ MK83 | MK82 | MK81 | MK80 |
FFFFH R/W Address: IMR6 FFFFF10CH
IMR6L FFFFF10CH, IMR6H FFFFF10DH
15 14 13 12 11 10 9 8

L+ [« [ + | ¢

1|1

| MK105 | MK104 |

| MK103 \ MK102 \ MK101

\MK100\ MK99 | MK98 | MK97 | MK96 |

IMKn Interrupt Mask Flag
0 Enable interrupt servicing
1 Disable interrupt servicing (pending)

n =0 to 105 (see Table 7-1)
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7.3.6 In-service priority register (ISPR)

The ISPR register holds the priority level of the maskable interrupt currently acknowledged. When an
interrupt request is acknowledged, the bit of this register corresponding to the priority level of that
interrupt request is set to 1 and remains set while the interrupt is serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt request having the highest
priority is automatically reset to 0 by hardware. However, it is not reset to 0 when execution is returned
from non-maskable interrupt servicing or exception processing.

Reset input clears this register to O0H.

This register is read-only, in 8-bit or 1-bit units.

Caution: In the interrupt enabled (El) state, if an interrupt is acknowledged during the reading
of the ISPR register, the value of the ISPR register may be read after the bit is set (1)
by this interrupt acknowledgment. To read the value of the ISPR register properly
before interrupt acknowledgment, read it in the interrupt disabled (DI) state.

Figure 7-13: Interrupt Service Priority Register (ISPR)

After reset: OOH R Address: FFFFF1FAH
7 6 5 4 3 2 1 0
ISPR ISPR7 ISPR6 ISPR5 ISPR4 ISPR3 ISPR2 ISPR1 ISPRO
ISPRn Priority of Interrupt Currently Being Acknowledged
0 Interrupt request with priority n is not acknowledged
1 Interrupt request with priority n is being acknowledged

Remark: n =0 to 7 (priority level)
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7.3.7 Maskable interrupt status flag (ID)

The ID flag is bit 5 of the PSW and controls the maskable interrupt’s operating state, and stores control
information regarding enabling or disabling of interrupt requests.

Figure 7-14: Maskable interrupt status flag (ID)

31 8765 43210
1 1 1 T 1 T

1 1 1 | —— 1
PSW |00 0O0O0O0O0O0O0DOIO0O0O0O0O0O0TO00TO00

After reset

1 1
0 0 0 O|NP|EP|ID[SAT|CY[OV|S|Z 00000020H

ID Maskable Interrupt Servicing SpecificationNote
0 Maskable interrupt request acknowledgment enabled
1 Maskable interrupt request acknowledgment disabled (pending)

Note: Interrupt disable flag (ID) function
e This flag is set to 1 by the DI instruction and reset to 0 by the El instruction. Its value is also
modified by the RETI instruction or LDSR instruction when referencing the PSW.

¢ Non-maskable interrupt and exceptions are acknowledged regardless of this flag. When a
maskable interrupt is acknowledged, the ID flag is automatically set to 1 by hardware.

e The interrupt request generated during the acknowledgement disabled period (ID = 1) can
be acknowledged when the IFn bit of the interrupt control register PICn is set to 1, and the
ID flag is reset to 0.
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7.3.8 Interrupt trigger mode selection

The valid edge of the maskable external interrupt input pin (INTPn) can be selected by program
(n=0to 12).
The edge that can be selected as the valid edge is one of the following.

¢ Rising edge
¢ Falling edge
¢ Both, the rising and falling edges

The edge-detected INTPn signal becomes an interrupt source.
The valid edge is specified by interrupt mode registers 0 to 3 (INTMO to INTM3)
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(1) Interrupt mode register 0 (INTMO)

The behaviour of the external interrupt input pins INTPO to INTP2 can be specified by the interrupt
mode register 0 (INTMO).
The INTMO register can be read/written in 8-bit or 1-bit units.

Figure 7-15: Interrupt Mode Register 0 (INTMO)

After reset: OOH R/W Address: FFFFF880H
7 6 5 4 3 2 1 0
INTMO ES21 ES20 ES11 ES10 ES01 ES00 ESN1 ESNO
ES21 ES20 Valid Edge Specification of INTP2 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges
ES11 ES10 Valid Edge Specification of INTP1 pin input

0 Falling edge

1 Rising edge

1 0 Setting prohibited
1 1 Both, rising and falling edges
ESO1 ESO00 Valid Edge Specification of INTPO pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges
ESN1 ESNO Valid Edge Specification of NMI pin input

0 Falling edge

1 Rising edge
1 0 Setting prohibited

1 1 Both, rising and falling edges

Caution: Changing the state of interrupt mode configuration registers ESn0/ESn1 may trigger
an unintended interrupt event for the respective interrupt channels. Be sure to mask
the respective interrupt channel and clear the interrupt status flag after changing the
bits ESn0/ESn1 of the interrupt channel (n = 0 to 2).
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(2) Interrupt mode register 1 (INTM1)

The behaviour of the external interrupt input pins INTP3 to INTP6 can be specified by the interrupt
mode register 1 (INTM1).
The INTM1 register can be read/written in 8-bit or 1-bit units.

Figure 7-16: Interrupt Mode Register 1 (INTM1)

After reset: 00H R/W Address: FFFFF882H
7 6 5 4 3 2 1 0
INTMA1 ES61 ES60 ES51 ES50 ES41 ES40 ES31 ES30

Caution:

234

ES61 ES60 Valid Edge Specification of INTP6 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

ES51 ES50 Valid Edge Specification of INTP5 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

ES41 ES40 Valid Edge Specification of INTP4 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

ES31 ES30 Valid Edge Specification of INTP4 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

Changing the state of interrupt mode configuration registers ESn0/ESn1 may trigger
an unintended interrupt event for the respective interrupt channels. Be sure to mask
the respective interrupt channel and clear the interrupt status flag after changing the
bits ESn0/ESn1 of the interrupt channel (h = 3 to 6).
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(3) Interrupt mode register 2 (INTM2)

The behaviour of the external interrupt input pins INTP7 to INTP10 can be specified by the
interrupt mode register 2 (INTM2).
The INTM2 register can be read/written in 8-bit or 1-bit units.

Figure 7-17: Interrupt Mode Register 2 (INTM2)

After reset: OOH R/W Address: FFFFF882H
7 6 5 4 3 2 1 0
INTM1 ES101 ES100 ES91 ES90 ES81 ES80 ES71 ES70

ES101 ES100 Valid Edge Specification of INTP10 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

ESO91 ES90 Valid Edge Specification of INTP9 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

ES81 ES80 Valid Edge Specification of INTP8 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

ES71 ES70 Valid Edge Specification of INTP7 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

Caution: Changing the state of interrupt mode configuration registers ESn0/ESn1 may trigger

an unintended interrupt event for the respective interrupt channels. Be sure to mask
the respective interrupt channel and clear the interrupt status flag after changing the
bits ESn0/ESn1 of the interrupt channel (n =7 to 10).
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(4) Interrupt mode register 3 (INTM3)
The behaviour of the external interrupt input pins INTP11 and INTP12 can be specified by the

interrupt mode register 3 (INTM3).
The INTMS register can be read/written in 8-bit or 1-bit units.

Figure 7-18: Interrupt Mode Register 3 (INTM3)

After reset: OOH R/W Address: FFFFF882H
7 6 5 4 3 2 1 0
INTM1 0 0 0 0 ES121 ES120 ES111 ES110
ES121 ES120 Valid Edge Specification of INTP12 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

ES111 ES110 Valid Edge Specification of INTP11 pin input
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

Caution: Changing the state of interrupt mode configuration registers ESn0/ESn1 may trigger
an unintended interrupt event for the respective interrupt channels. Be sure to mask
the respective interrupt channel and clear the interrupt status flag after changing the
bits ESn0/ESn1 of the interrupt channel (n = 11, 12).
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7.4 Software Exception

A software exception is generated when the CPU executes the TRAP instruction, and is always
accepted.

For details of the instruction function, refer to the V850 Family User’s Manual Architecture.

7.4.1 Operation

If a software exception occurs, the CPU performs the following processing, and transfers control to the
handler routine:

<1>
<2>
<3>
<4>
<5>

Saves the current PC to EIPC.

Saves the current PSW to EIPSW.

Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt source).

Sets the EP and ID bits of PSW.

Loads the handler address (00000040H or 00000050H) of the software exception routine in the
PC, and transfers control.

The processing of a software exception is shown below.

Figure 7-19: Software Exception Processing

— C TRAP instructionNote )

EIPC -— restored PC
EIPSW -— PSW
ECR.EICC —— exception code
PSW.EP —=—1

PSW.ID =1

PC -— handler address

( Exception processing )

CPU processing

Note: TRAP instruction format: TRAP vector (the vector is a value from 0 to 1FH.)

The handler address is determined by the TRAP instruction’s operand (vector). If the vector is 0 to OFH,
it becomes 00000040H, and if the vector is 10H to 1FH, it becomes 00000050H.

User’s Manual U16580EE2V0OUDOO 237



Chapter 7 Interrupt/Exception Processing Function

7.4.2 Restore

Recovery from software exception processing is carried out by the RETI instruction.
By executing the RETI instruction, the CPU carries out the following processing and shifts control to the
restored PC’s address.

<1> Loads the restored PC and PSW from EIPC and EIPSW because the PSW.EP bit is 1.
<2> Transfers control to the address of the restored PC and PSW.

The processing of the RETI instruction is shown below.

Figure 7-20: RETI Instruction Processing

( RETI instruction )

10
—
; i
PC -—EIPC PC -—FEPC
PSW -—EIPSW PSW -—FEPSW

C Original processing restored )

Caution: When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction
during the software exception process, in order to restore the PC and PSW correctly
during recovery by the RETI instruction, it is necessary to set PSW.EP back to 0
using the LDSR instruction immediately before the RETI instruction.

Remark: The solid line shows the CPU processing flow.
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7.4.3 Exception status flag (EP)

The EP flag is bit 6 of the PSW, and is a status flag used to indicate that exception processing is in
progress. This flag is set when an exception occurs.

Figure 7-21: Exception Status Flag (EP)

31 8765 43210
1 1 1 T 1 T

1 1 1 | —— 1
PSW |00 0O0O0O0O0O0O0DOIO0O0O0O0O0O0TO00TO00

After reset

1 1
0 0 0 O|NP|EP|ID[SAT|CY[OV|S|Z 00000020H

EP Exception Processing Status
0 Exception processing not in progress
1 Exception processing in progress
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7.5 Exception Trap

An exception trap is an interrupt that is requested when the illegal execution of an instruction takes
place. In the V850E/PH2, an illegal opcode trap (ILGOP: lllegal Opcode Trap) is considered as an
exception trap.

7.5.1 lllegal opcode definition

The illegal instruction has an opcode (bits 10 to 5) of 111111B, a sub-opcode (bits 26 to 23) of 1000B to
1111B, and a sub-opcode (bit 16) of 0B. An exception trap is generated when an instruction applicable
to this illegal instruction is executed.

Caution:

Remark:

Figure 7-22: lllegal Opcode

15 1110 5 4 0 31 2726
! !

2322 16
T T 1 Y B O T

PPN I
1000

XXXXXI1T111 1T 1TIXXXXXIXXXXX to X X XX X X|0
1111

Caution Since it is possible that this instruction may be assigned to an illegal opcode
in the future, it is recommended that it not be used.

X: don’t care

(1) Operation

If an exception trap occurs, the CPU performs the following processing, and transfers control to
the handler routine.

<1>
<2>
<3>
<4>

Saves the restored PC to DBPC.

Saves the current PSW to DBPSW.

Sets the PSW.NP, PSW.EP, and PSW.ID bits.

Sets the handler address (00000060H) corresponding to the exception trap to the PC, and
transfers control.

Figure 7-23 illustrates the processing of the exception trap.
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Figure 7-23: Exception Trap Processing

- ( Exception trap (ILGOP) occurs )

DBPC -— restored PC
DBPSW —=—PSW
PSW.NP =1

PSW.EP =1

PSW.ID <1

PC -— (00000060H

( Exception processing )

CPU processing

(2) Restore

Recovery from an exception trap is carried out by the DBRET instruction. By executing the DBRET
instruction, the CPU carries out the following processing and controls the address of the restored
PC.

<1> Loads the restored PC and PSW from DBPC and DBPSW.
<2> Transfers control to the address indicated by the restored PC and PSW.

Figure 7-24 illustrates the restore processing from an exception trap.

Figure 7-24: Restore Processing from Exception Trap

( DBRET instruction )

PC -<«— DBPC
PSW -=—  DBPSW

( Jump to address of restored PC )
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7.6 Periods in Which CPU Does Not Acknowledge Interrupts

The CPU acknowledges an interrupt while an instruction is being executed. However, no interrupt will
be acknowledged between an interrupt request non-sample instruction and the next instruction
(interrupt is held pending).

The interrupt request non-sample instructions are as follows.

El instruction

Dl instruction

LDSR reg2, 0x5 instruction (for PSW)

The store instruction for the command register (PRCMD)

The store, or bit manipulation instructions excluding the tst1 instruction for the following interrupt-
related registers:

- Interrupt control register (PICn)
- Interrupt mask registers 0 to 3 (IMRO to IMR3)

Remark: n = 0 to 105 (see Table 7-2, “Addresses and Bits of Interrupt Control Registers,” on

page 225)
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The clock generator (CG) generates and controls the internal system clock (fxx) that is supplied to each
internal unit, such as the CPU.

8.1 Features

e Multiplier function using a phase locked loop (PLL) synthesizer (fyyx = 4 X fy)

- Crystal frequency: fx = 16 MHz
- Internal system clock: fyx = 64 MHz
¢ Power saving mode: HALT mode

8.2 Configuration

Figure 8-1: Clock Generator

fxx
X1O—— > CPU
fy Clock Generator
X20— | (CG) L= On-chip peripheral I/O
Remark: fy: External resonator or external clock frequency
fxx:  Internal system clock

An external resonator or crystal is connected to X1 and X2 pins, whose frequency is multiplied by the
PLL synthesizer. By this an internal system clock (fxx) is generated that is 4 times the frequency (fy) of
the external resonator or crystal.

The clock controller enables PLL automatically and starts clock supply to the system after oscillation
stabilization time has passed.

Internal System Clock Frequency External Resonator or Crystal Frequency
(fxx) (fx)

64.000 MHz 16.0000 MHz
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8.3 Power Save Control

8.3.1 Overview

The power save function of VB50E/PH2 supports the HALT mode only. In this mode, the clock generator
(oscillator and PLL synthesizer) continues to operate, but the CPU’s operation clock stops. Since the
supply of clocks to on-chip peripheral functions other than the CPU continues,

operation continues. The power consumption of the overall system can be reduced by intermittent
operation that is achieved due to a combination of HALT mode and normal operation mode.

The system is switched to HALT mode by a specific instruction (the HALT instruction).

Figure 8-2 shows the operation of the clock generator in normal operation mode and HALT mode.

Figure 8-2: Power Save Mode State Transition Diagram

Set HALT mode

Normal operation mode HALT mode

Note 1
Interrupt request

Note 2 RESET pin input

Wait for stabilization of
oscillation and PLL

Notes: 1. Non-maskable interrupt request signal (NMI) or unmasked maskable interrupt request
signal.

2. The oscillation stabilization time is necessary after release of reset because the PLL is
initialized by a reset. The stabilization time is determined by default.
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8.3.2 HALT mode

(1) Setting and operation status

The HALT mode is set when a dedicated instruction (HALT) is executed in the normal operation

mode.

When HALT mode is set, clock supply is stopped to the CPU only. The clock generator and PLL
continue operating. Clock supply to the other on-chip peripheral functions continues.
As a result, program execution is stopped, and the internal RAM retains the contents before the
HALT mode was set. The on-chip peripheral functions that are independent of instruction

processing by the CPU continue operating.

Table 18-3 shows the operation status in the HALT mode.

The average power consumption of the system can be reduced by using the HALT mode in

combination with the normal operation mode for intermittent operation.

Cautions: 1. Insert five or more NOP instructions after the HALT instruction.

2. If the HALT instruction is executed while an interrupt request is being held
pending, the HALT mode is set but is released immediately by the pending

interrupt request.

Table 8-1: Operation Status in HALT Mode

Function Operation Status

Clock generator Operating

Internal system clock (fxx) Supplied

CPU Stopped

DMA Operating

Interrupt controller Operating

Ports Maintained

On-chip peripheral I/O (excluding ports) Operating

Internal data

All internal data such as CPU registers, states,
data, and the contents of internal RAM are
retained in the state they were before HALT mode
was set.

A0 to A21

DO to D31

RD

WR

BENO to BEN3

CSo, CS1, CS3, CS4

BCLK, STST, STNXT

WAIT

Operating
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(2) Releasing HALT mode

The HALT mode is released by a non-maskable interrupt request signal (NMI), an unmasked
maskable interrupt request signal, or RESET pin input.
After the HALT mode has been released, the normal operation mode is restored.

(a) Releasing HALT mode by non-maskable interrupt request signal or unmasked
maskable interrupt request signal

The HALT mode is released by a non-maskable interrupt request signal (INTWDT) or an
unmasked maskable interrupt request signal, regardless of the priority of the interrupt request. If
the HALT mode is set in an interrupt servicing routine, however, an interrupt request that is issued
later is serviced as follows.

¢ [f an interrupt request signal with a priority lower than or same as the interrupt currently being
serviced is generated, the HALT mode is released, but the newly generated interrupt request
signal is not acknowledged. The interrupt request signal itself is retained.

¢ |f an interrupt request signal with a priority higher than that of the interrupt currently being
serviced is issued (including a non-maskable interrupt request signal), the HALT mode is
released and that interrupt request signal is acknowledged.

Table 8-2: Operation After Releasing HALT Mode by Interrupt Request Signal

Release Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request Execution branches to the handler address
signal
Unmasked maskable interrupt Execution branches to the handler | The next instruction is executed
request signal address or the next instruction is
executed

(b) Releasing HALT mode by RESET pin input or WDTRES signal generation

The same operation as the normal reset operation is performed.
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9.1 Features

Timer P (TMP) is a 16-bit timer/event counter that can be used in various ways.
TMP can perform the following operations.

e PWM output

¢ Interval timer

e External event counter (operation not possible when clock is stopped)
¢ One-shot pulse output

¢ Pulse width measurement

9.2 Function Outline

* Capture trigger input signal x 2

e External trigger input signal x 1

e Clock select x 8

e External event count input x 1

¢ Readable counter x 1

e Capture/compare reload register x 2
e Capture/compare match interrupt x 2
e Timer output (TOPNO, TOPn1) x 2
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9.3 Configuration

TMP includes the following hardware.

Table 9-1: Configuration of TMPO to TMP8

Item Configuration
Timer register 16-bit counter
Registers TMPn capture/compare registers 0, 1 (TPnCCRO, TPnCCR1)

TMPn counter register (TPNCNT)
CCRO buffer register, CCR1 buffer register

Timer input 2 x 8 (TIPmO, TIPm1, TTRGPm, TEVTPm)Note

Timer output 2 x 8 (TOPmMO, TOPm1)Note
1x 1 (TOP81)

Control registers TMPn control registers 0, 1 (TPnCTLO, TPnCTL1)
TMPn I/O control registers 0 to 2 (TPnlOCO to TPnlOC2)
TMPn option registers 0, 1 (TPnOPTO, TPNOPT1)

Note: TIPmO and TIPm1 captures inputs are shared with external trigger inputs TTRGPm, and
external event inputs TEVTPm, and the corresponding TOPmMO and TOPm1 outputs.

Remark: n=0t08
m=nforn=0to 7

Figure 9-1: Block Diagram of Timer P

S Internal bus S
fxx/2 —»1 ﬁ
fxx/4 —»] TPnCNT
/8 — 5
fxx/16 —= ‘g ﬁ
fxx/32 — 3
fx/64 —» ) 16-bit timer counter INTTPnOV
fxx/256 — . {} ‘ ‘ Clear
fxx/1024 — § < ; 5 E’ @TOPnO Note 1
3 | 88 HOTOPnt
- [} c
TEVTPA"® ' O 98 ? CCRO ‘ ‘ ©3
S o buffer
Note 1 g ) CCR1 INTTPNnCCO
TTRGPn O— 3 register buffer INTTPnGCH
ﬁ register
Note 1 =
TIPRO - © T 08 TPNCCRO 7S
o O
il > TPnCCR1
TIPn1"** ' O— ©
INTCM10N"® 2 @} @
Note 2
INTTOCCO O— S S
Internal bus
INTCM11V°2 O
INTTocc1N*® 2O

Notes: 1. External pin is not available for TMP8.

2. Internal signal inputs (INTTTOCCO and INTTTOCC1 of TMTO, or INTCM10 and INTCM11 of
TMENC1) available on TMP8 only. (ref. to 9.4 (9) TMP input control register 2 (TPIC2)).
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(1) TMPn capture/compare register 0 (TPnCCRO)

The TPnCCRO register is a 16-bit register that functions both as a capture register and as a
compare register.

Whether this register functions as a capture register or as a compare register can be controlled
with the TPnCCSO0 bit of the TPnOPTO register, but only in the free-running mode.

In the pulse width measurement mode, this register can be used as a dedicated capture register
(the compare function cannot be used.)

In modes other than the free-running mode and pulse width measurement mode, this register is
used as a dedicated compare register.

In the initial setting, the TPNCCRO register is a compare register.

This register can be read or written in 16-bit units.

Reset input clears this register to 0000H.

Figure 9-2: TMPn Capture/Compare Register 0 (TPnCCRO0)

After reset:  000OH R/W Address: TPOCCRO FFFFF606H, TP1CCRO FFFFF616H,
TP2CCRO FFFFF626H, TP3CCRO FFFFF636H,
TP4CCRO FFFFF646H, TP5CCRO FFFFF656H,
TP6CCRO FFFFF666H, TP7CCRO FFFFF676H,
TP8CCRO FFFFF686H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocoro | | [ [ [ [ [ [ [ [ [ [ [ [ [ [ |
(n=0t108)

(a) Use as compare register

TPnCCRO can be rewritten when TPnCE = 1
The timing at which the TPnCCRO rewrite values become valid when TPnCE = 1 is as follows.

TMP Operation Mode Method of Writing TPnCCRO Register

PWM mode, external trigger pulse output mode | Reload

Free-running mode, external event count mode, | Anytime write
one-shot pulse output mode, interval timer
mode

Pulse width measurement mode Cannot be used because dedicated capture
register

(b) Use as capture register

e TMPO to TMP7
The counter value is saved to TPNCCRO upon capture trigger (TIPn0) input edge detection.

e TMP8
Since TMP8 has no external input pin, the capture function can only be used internally for
capturing the interrupt signal (INTTTOCCO of TMTO, or INTCM10 of TMENC1) specified by the
TPIC22 bit of TPIC2 register (ref. to 9.4 (9) TMP input control register 2 (TPIC2)).
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(2) TMPn capture/compare register 1 (TPnCCR1)

The TPnCCRA1 register is a 16-bit register that functions both as a capture register and as a
compare register.

Whether this register functions as a capture register or as a compare register can be controlled
with the TPnCCS1 bit of the TPnOPTO register, but only in the free-running mode.

In the pulse width measurement mode, this register can be used as a dedicated capture register
(the compare function cannot be used.)

In modes other than the free-running mode and pulse width measurement mode, this register is
used as a dedicated compare register.

In the initial setting, the TPNCCR1 register is a reload register.

This register can be read or written in 16-bit units.

Reset input clears this register to 0000H.

Figure 9-3: TMPn Capture/Compare Register 1 (TPnCCR1)

After reset:  000OH R/W Address: TPOCCR1 FFFFF608H, TP1CCR1 FFFFF618H,
TP2CCR1 FFFFF628H, TP3CCR1 FFFFF638H,
TP4CCR1 FFFFF648H, TP5CCR1 FFFFF658H,
TP6CCR1 FFFFF668H, TP7CCR1 FFFFF678H,
TP8CCR1 FFFFF688H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocort | [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ |
(n=0t10 8)

(a) Use as compare register

TPnCCR1 can be rewritten when TPnCE = 1
The timing at which the TPNnCCR1 rewrite values become valid when TPnCE = 1 is as follows.

TMP Operation Mode Method of Writing TPNnCCRO Register

PWM mode, external trigger pulse output mode | Reload

Free-running mode, external event count mode, | Anytime write
one-shot pulse output mode, interval timer
mode

Pulse width measurement mode Cannot be used because dedicated capture
register

(b) Use as capture register

e TMPO to TMP7
The counter value is saved to TPNCCR1 upon capture trigger (TIPn1) input edge detection.

e TMP8
Since TMP8 has no external input pin, the capture function can only be used internally for
capturing the interrupt signal (INTTTOCC1 of TMTO, or INTCM11 of TMENCH1) specified by the
TPIC22 bit of TPIC2 register (ref. to 9.4 (9) TMP input control register 2 (TPIC2)).
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(3) TMPn counter register (TPnCNT)

The TPnCNT register is a read buffer register that can read 16-bit counter values.
This register is read-only, in 16-bit units.
Reset input clears this register to 0000H, as the TPnCE bit is cleared to 0.

Figure 9-4: TMPn Counter Register (TPnCNT)

After reset:  0000H R Address: TPOCNT FFFFF60AH, TP1CNT FFFFF61AH,
TP2CNT FFFFF62AH, TP3CNT FFFFF63AH,
TP4CNT FFFFF64AH, TPSCNT FFFFF65AH,
TP6CNT FFFFF66AH, TP7CNT FFFFF67AH,
TP8CNT FFFFF68AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
meeent | | | 1 | L 1 L
(n=0t10 8)

Remark: The value of the TPnCNT register is cleared to 0000H when the TPnCE bit = 0. If the
TPnCNT register is read at this time, the value of the 16-bit counter (FFFFH) is not read, but
OOO0O0H is read.
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9.4 Control Registers

(1) TMPn control register 0 (TPnCTLO)

The TPnCTLO register is an 8-bit register that controls the operation of timer P.
This register can be read or written in 8-bit or 1-bit units.

Reset input clears this register to 00H.

The same value can always be written to the TPnCTLO register by software.

Figure 9-5: TMPn Control Register 0 (TPnCTLO)

After reset:  OOH R/W Address: TPOCTLO FFFFF600H, TP1CTLO FFFFF610H,
TP2CTLO FFFFF620H, TP3CTLO FFFFF630H,
TP4CTLO FFFFF640H, TP5CTLO FFFFF650H,
TP6CTLO FFFFF660H, TP7CTLO FFFFF670H,
TP8CTLO FFFFF680H

7 6 5 4 3 2 1 0
TPnCTLO | TPnCE 0 0 0 0 TPnCKS2 | TPnCKS1 | TPnCKSO0
(n=0t10 8)
TPnCE Timer Pn Operation Control
0 Internal operating clock operation disabled (TMPn reset asynchronously)
1 Internal operating clock operation enabled

* Internal operating clock control and TMPn asynchronous reset are performed with the
TPnCE bit. When the TPnCE bit is cleared to 0, the internal operating clock of TMPn
stops (fixed to low level) and TMPn is reset asynchronously.

e When the TPnCE bit is set to 1, the internal operating clock is enabled and count-up
operation starts within 2 input clocks after the TPnCE bit was set to 1

TPnCKS2 | TPNnCKS1 | TPnCKSO Internal Count Clock Selection
0 0 0 fyx/2
0 0 1 fyx/4
0 1 0 fxx/8
0 1 1 fyx/16
1 0 0 fyx/32
1 0 1 fyx/64
1 1 0 fyx/256
1 1 1 fyx/1024

Caution: Set the TPNnCKS2 to TPnCKSO0 bits when TPnCE = 0. When the value of the TPnCE bit
is changed from 0 to 1, the TPNnCKS2 to TPNnCKSO0 bits can be set simultaneously.

Remark: n=01t08
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(2) TMPn control register 1 (TPnCTL1)

The TPnCTL1 register is an 8-bit register that controls the operation of timer P.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Figure 9-6: TMPn Control Register 1 (TPnCTL1) (1/2)

After reset:  00H R/W Address: TPOCTL1 FFFFF601H, TP1CTL1 FFFFF611H,
TP2CTL1 FFFFF621H, TP3CTL1 FFFFF631H,
TP4CTL1 FFFFF641H, TP5CTL1 FFFFF651H,
TP6CTL1 FFFFF661H, TP7CTL1 FFFFF671H,
TP8CTL1 FFFFF681H

7 6 5 4 3 2 1 0
TPnCTL1 | TPnSYE | TPnEST | TPnEEE 0 0 TPnMD2 | TPnMD1 | TPnMDO
(n=0t108)
TPnSYE Synchronous Mode Selection
0 Timer Pn operates in single operation mode
1 Timer Pn operates in synchronous operation modeNete

* This bit supports synchronous operation of two or more timer P.

* Two groups of timers exist, which can be synchronized: TMPO to TMP3 with TMPO as
master, and TMP4 to TMP7 with TMP4 as master.

Note: Synchronous operation mode is not available for TMP8 (n = 8).

TPnEST Software Trigger Control
0 No operation
1 In one-shot pulse mode: One-shot pulse software trigger
In external trigger pulse output mode: Pulse output software trigger

e The TPnEST bit functions as a software trigger in the one-shot pulse mode and the

external trigger pulse output modeNote 1, if it is set to 1 when TPnCE = 1. Therefore, be
sure to set TPNEST to 1 after setting TPnCE to 1.

e TTRGPn pin is used as the external trigger input of TMPn.
e The read value of the TPnEST bit is always 0.

Notes: 1. The TRnEST bit is invalid even if it is controlled in any other mode.

Note 2

2. External trigger input pin is not available for TMP8 (n = 8)

Cautions: 1. Always clear the TPnSYE bit for the master timers TMP0O and TMP4.

2. Always clear the TPnSYE bit for TMP8. Do not operate TMP8 in synchronous
mode.

Remark: n=0t08
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Figure 9-6: TMPn Control Register 1 (TPnCTL1) (2/2)

TPnEEE Count Clock Selection
0 Use the internal clock (selected by bits TPNnCKS2 to TPnCKSO0)

1 Use external clock input (TEVTPn input edge)N°te

e When TPnEEE = 1 (external clock input TEVTPn), the valid edge is specified by bits
TPnEES1 and TPnEESO.

Note: External clock input pin is not available for TMP8 (n = 8).

TPnMD2 | TPnMD1 | TPnMDO Timer Mode Selection
0 0 0 Interval timer mode Note 1,2
0 0 1 External event count mode Note 1,2, 3
0 1 0 External trigger pulse output mode Note 2,3
0 1 1 One-shot pulse mode Note 2
! 0 0 | PWM mode Nete2
1 0 1 Free-running mode
! 1 0 Pulse width measurement mode Note 1,2
1 1 1 Setting prohibited

Notes: 1. Setting prohibited for TMPO and TMP4, when synchronous operation function
is enabled (TPnSYE = 1).

2. Setting prohibited for TMP1 to TMP3, and TMP5 to TMP7, when synchronous
operation function is enabled (TPnSYE = 1).

3. Setting prohibited for TMP8.

Cautions: 1. Rewrite the TPnEEE and TPnMD2 to TPnMDO bits only when TPnCE = 0. (The
same value can be written when TPnCE = 1.) The operation is not guaranteed if
rewriting is performed when TPnCE = 1. If rewriting was mistakenly performed,
set TPnCE = 0 and then set the bits again.

2. Set TP8EEE bit of the TROCTL1 register always to 0, because TMP8 does not
incorporate an external clock input. In case of TP8EEE = 1 operation of TMPS8 is
not guaranteed.

Remark: n=01t08
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(3) TMPn I/O control register 0 (TPnlOCO0)

The TPnIOCO register is an 8-bit register that controls the timer output (TOPnO, TOPn1).
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Figure 9-7: TMPn I/O Control Register 0 (TPnlOCO)

After reset: 00H R/W Address: TPOIOCO FFFFF602H, TP110CO FFFFF612H,
TP2I0CO FFFFF622H, TP3IOCO0 FFFFF632H,
TP410CO FFFFF642H, TP5I0C0 FFFFF652H,
TP6IOCO FFFFF662H, TP7I0OCO FFFFF672H,
TP8IOCO FFFFF682H

3 2 1 0
TPnloCO | 0 0 0 0 TPnOL1 | TPnOE1 | TPnOLO | TPROEO
(n=0t10 8)
TPnOL1 Timer Output Level Setting (TOPn1 pin)
0 Normal output (Low level, when output is inactive.)
1 Inverted output (High level, when output is inactive.)
TPnOE1 Timer Output Control (TOPn1 pin)
0 Timer output prohibited (TOPn1 pin output is fixed to inactive level.)
1 Timer output enabled (A pulse can be output from the TOPn1 pin.)
TPnOLO Timer Output Level Setting (TOPNnO pin)Note
0 Normal output (Low level, when output is inactive.)
1 Inverted output (High level, when output is inactive.)
TPnOEO Timer Output Control (TOPnO pin)Note

0 Timer output prohibited (TOPNO pin output is fixed to inactive level.)

1 Timer output enabled (A pulse can be output from the TOPNO pin.)

Note: TOPNO output pin is not available for TMP8.

Caution: Rewrite the TPnOL1, TPNnOE1, TPnOIO, and TPnOEOQ bits only when TPnCE = 0. (The
same value can be written when TPnCE = 1.) If rewriting was mistakenly performed,
set TPnCE = 0 and then set the bits again.

Remark: n=0t08
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(4) TMPn I/O control register 1 (TPnlOC1)

The TPnIOC1 register is an 8-bit register that controls the valid edge for the external input signals
(TIPNO, TIPN1).

This register can be read or written in 8-bit or 1-bit units.

Reset input clears this register to O0H.

Figure 9-8: TMPn I/O Control Register 1 (TPnlOC1)

After reset:  OOH R/W Address: TPOIOC1 FFFFF603H, TP110C1 FFFFF613H,
TP2I0C1 FFFFF623H, TP3I0C1 FFFFF633H,
TP4I0C1 FFFFF643H, TP5I0C1 FFFFF653H,
TP6IOC1 FFFFF663H, TP7I0C1 FFFFF673H,
TP8IOC1 FFFFF683H

5 4 3 2 1 0
TPnIOCT | 0 0 0 0 | TPnIS3 | TPnis2 | TPnIS1 | TPnISO
(n=0t108)
TPnIS3 | TPnIS2 Capture Input (TIPn1) Valid Edge SettingNete

0 0 No edge detection (capture operation invalid)

0 1 Rising edge detection

1 0 Falling edge detection

1 1 Both, rising and falling edge detection

TPnIS1 | TPnISO Capture Input (TIPnO) Valid Edge SettingNote
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Note: TIPnO and TIPn1 input pins are not available for TMP8. These inputs are only connected
internally to capture the interrupt signals INTTTOCCO and INTTOCC1 of TMTO, or INTCM10
and INTCM11 of TMENCH1, specified by the TPIC22 bit of TPIC2 register (ref. to 9.4 (9) TMP
input control register 2 (TPIC2)).

Cautions: 1. Rewrite the TPnIS3 to TPnIS0 bits only when TPnCE = 0. (The same value can be
written when TPnCE = 1.) If rewriting was mistakenly performed, set TPnCE = 0
and then set the bits again.

2. The TPnIS3 to TPnISO bits are valid only in the free-running mode and the pulse
width measurement mode. In all other modes, a capture operation is not possible.

Remark: n=01t08
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(5) TMPn I/O control register 2 (TPnlOC2)

The TPnlOC2 register is an 8-bit register that controls the valid edge of the external event count
input signal (TEVTPn) and external trigger input signal (TTRGPn).

This register can be read or written in 8-bit or 1-bit units.

Reset input clears this register to O0H.

Figure 9-9: TMPn I/O Control Register 2 (TPnlOC2)

After reset: 00H R/W Address: TP0IOC2 FFFFF604H, TP110C2 FFFFF614H,
TP2I0C2 FFFFF624H, TP3I0C2 FFFFF634H,
TP410C2 FFFFF644H, TP5I0C2 FFFFF654H,
TP6I0C2 FFFFF664H, TP7I0C2 FFFFF674H,
TP8IOC2 FFFFF684H

3 2 1 0
TPnioc2 | 0 0 0 0  |TPnEES1|TPnEESO|TPnETS1 | TPnETSO
(n=01t07)
TP1EES1 | TP1EESO External Event Counter Input (TEVTPn) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection
TP1ETS1 | TP1ETSO External Trigger Input (TTRGPn) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Cautions: 1. Rewrite the TPNnEES1, TPnEESO, TPnEST1, and TPnESTO bits only when TPnCE =
0. (The same value can be written when TPnCE = 1.) If rewriting was mistakenly
performed, set TPnCE = 0 and then set the bits again.

2. The TPnEES1 and TPnEESO bits are valid only when TPhEEE = 1 or when the
external event count mode (TPnMD2 to TPnMDO = 001B of the TPnCTL1 register)
has been set.

Remark: n=0to7
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(6) TMPn option register 0 (TPnOPTO)

The TPnOPTO register is an 8-bit register used to set the capture/compare operation and detect
overflow.

This register can be read or written in 8-bit or 1-bit units.

Reset input clears this register to O0H.

Figure 9-10: TMPn Option Register 0 (TPnOPTO0)

After reset:  OOH R/W Address: TPOOPTO FFFFF605H, TP1OPTO FFFFF615H,
TP20PTO FFFFF625H, TP3OPTO FFFFF635H,
TP4OPTO FFFFF645H, TP5OPTO FFFFF655H,
TP60PTO FFFFF665H, TP7OPTO FFFFF675H,
TP8OPTO FFFFF685H

6 5 4 3 2 1 0
TPNOPTO | 0 0 |TPnCCS1|TPnCCSO| 0 0 0 TPNOVF
(n=0t108)
TPnCCS1 TPnCCRT1 register capture/compare selection
0 Compare register selection
1 Capture register selection

The TPnCCS1 bit settings are valid only in the free-running mode.

TPnCCSO TPnCCRO register capture/compare selection
0 Compare register selection
1 Capture register selection

The TPnCCSO bit settings are valid only in the free-running mode.

TPnOVF Timer P overflow detection flag
0 No overflow occurrence after timer restart or flag reset
1 Overflow occurrence

e The TPnOVF flag is set when the 16-bit counter value overflows from FFFFH to 0000H
in the free-running mode or the pulse measurement mode.

¢ An interrupt request signal (INTTPnOV) is generated at the same time that the
TPnOVF flag is set (1). The INTTPnQV signal is not generated in modes other than the
free-running mode or the pulse measurement mode.

e The TPnOVF flag is not cleared even when the TPnOVF flag and the TPnOPTO
register are read.

e The TPnOVF flag can be both read and written, but only reset (0) is accepted. Writing
1 has no influence on the operation of timer P.

Caution: Rewrite the TPNnCCS1 and TPnCCSO0 bits only when TPnCE = 0. (The same value can
be written when TPnCE = 1.) If rewriting was mistakenly performed, set TPnCE = 0
and then set the bits again.

Remark: n=0t08
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(7) TMP input control register 0 (TPICO)

The TPICO register is an 8-bit register that controls the external input pin source of the capture
register 1 of TMPO to TMPS3.

This register can be read or written in 8-bit units.

Reset input clears this register to O0H.

Figure 9-11: TMPn Input Control Register 0 (TPICO)

After reset: OOH R/W Address: FFFFF6FOH
6 5 4 3 2 1 0
TPICO 0 0 0 0 TPICO3 | TPICO2 | TPICO1 | TPICOO
TPICO3 TP3CCR1 Register Capture Source Input Selection

0 Capture source input is pin P17/TIP31

1 Capture source input is pin P16/TIP30

TPIC02 TP2CCR1 Register Capture Source Input Selection
0 Capture source input is pin P15/TIP21
1 Capture source input is pin P14/TIP20

TPICO1 TP1CCR1 Register Capture Source Input Selection
0 Capture source input is pin P13/TIP11
1 Capture source input is pin P12/TIP10

TPIC00 TPOCCR1 Register Capture Source Input Selection

0 Capture source input is pin P11/TIP0O1

1 Capture source input is pin P10/TIPO0
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TMP input control register 1 (TPIC1)

The TPIC1 register is an 8-bit register that controls the external input pin source of the capture
register 1 of TMP4 to TMP7, as well as the internal time trigger source from the FCAN controllers
of both capture registers 0 and 1 of TMP7.

This register can be read or written in 8-bit units.

Reset input clears this register to O0H.

Figure 9-12: TMP Input Control Register 1 (TPIC1)

After reset: 00H R/W Address: FFFFF6F2H
7 6 5 4 3 2 1 0
TPICA 0 0 TIP15 TIP14 TPIC13 | TPIC12 | TPIC11 TPIC10

tpic1s | TiPc14 | TiPc1s Capture Source Input Selection of
TP7CCRO TP7CCR1
0 0 0 Pin P26/TIP70 Pin P27/TIP71
0 0 1 Pin P26/TIP70
0 1 0 FCANO time trigger Pin P27/TIP71
0 1 1 Pin P26/TIP70
1 0 0 Pin P26/TIP70 FCANT1 time trigger
1 0 1
1 1 0 FCANO time trigger
1 1 1
TPIC12 TP6CCR1 Register Capture Source Input Selection

0 Capture source input is pin P25/TIP61

1 Capture source input is pin P24/TIP60

TPIC11 TP5CCR1 Register Capture Source Input Selection

0 Capture source input is pin P23/TIP51

1 Capture source input is pin P22/TIP50

TPIC10 TP4CCR1 Register Capture Source Input Selection

0 Capture source input is pin P21/TIP41

1 Capture source input is pin P20/TIP40
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(9) TMP input control register 2 (TPIC2)

The TPIC2 register is an 8-bit register that controls the external input pin source of the capture
register 1 of TMTO and TMT1, as well as the internal source of both capture registers 0 and 1 of
TMPS.

This register can be read or written in 8-bit units.
Reset input clears this register to O0H.

Figure 9-13: TMP Input Control Register 1 (TPIC1)

After reset: O0H R/W Address: FFFFF6F4H
5 4 3 2 1 0
TPIC2 0 0 0 0 0 TPIC22 | TPIC21 | TPIC20
Capture Source Input Selection of
TIPC22
TP8CCRO TP8CCRH1
0 INTTTOCCO signal of TMTO INTTT1CC1 signal of TMTO
1 INTCM10 signal of TMENCA1 INTCM11 signal of TMENCA1
TPIC21 TT1CCR1 Register Capture Source Input Selection

0 Capture source input is pin P74/TIT11

1 Capture source input is pin P73/TIT10

TPIC20 TTOCCR1 Register Capture Source Input Selection
0 Capture source input is pin P71/TITO1

1 Capture source input is pin P70/TIT0O0
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9.5 Operation

Timer P can perform the following operations.

mode Note 2

Operation TPnEST TTRGPnO Capture/Compare | Compare Register

(Software (External Mode Rewriting Method
Trigger Bit) Trigger Input)

Interval timer mode Invalid Invalid Compare only Anytime rewrite

External event count mode Note 1 Invalid Invalid Compare only Anytime rewrite

External trigger pulse output Valid Valid Compare only Reload

mode Note 2

One-shot pulse output mode Note 2 Valid Valid Compare only Anytime rewrite

PWM mode Invalid Invalid Compare only Reload

Free-running mode Invalid Invalid Capture/compare Anytime rewrite

selectable
Pulse width measurement Invalid Invalid Capture only Not applicable

Notes: 1.

To use the external event count function, specify that the edge of the capture input TIPn1 or

TIPNO respectively, shared with event input TEVTPn is not detected (by clearing the TPSn3,
TPSn2 bits or TPnIS1, TPnISO bits of the TPnlOC1 register respectively to “00B”)

(n=0to0 7).

2. When using the external trigger pulse output mode, one-shot pulse mode, and pulse width
measurement mode, select a count clock (by clearing the TPnEEE bit of the TPnCTL1

register to 0).

Remark: n=0to7

9.5.1 Anytime rewrite and reload

TPnCCRO and TPnCCR1 register rewrite is possible for timer P during timer operation (TPnCE = 1), but
the write method (anytime rewrite, reload) differs depending on the mode.

(1) Anytime rewrite

When the TPnCCRm register is written during timer operation, the write data is transferred at that
time to the CCRm buffer register and used as the 16-bit counter comparison value.

n=0to 8
m=0,1

Remark:

262
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Figure 9-14: Basic Operation Flow for Anytime Write

START

Initial settings

|
Timer operation enable (TPnCE = 1)
Transfer of TPNnCCRO,
TPnCCR1 values to CCRO buffer
register and CCR1 buffer register

o

TPnCCRO rewrite
_yTransfer to CCRO buffer register

TPnCCR1 rewrite
— Transfer to CCR1 buffer register

« Match between CCRO buffer —® INTTPnCCO output
register and 16-bit counter
o 16-bit counter clear & start

Remarks: 1. The above flowchart illustrates an example of the operation in the interval timer mode.
2. n=0to 8
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Figure 9-15: Timing Diagram for Anytime Write

TPnCE =1

16-bit
counter

TPnCCRO

CCRO buffer
register

TPnCCR1

CCR1 buffer
register

INTTPnCCO

INTTPnCCA

Remarks: 1. Dgq, Dgo: Setting values of TPnCCRO register (0000H to FFFFH)
Dy1, D4o: Setting values of TPnCCR1 register (0000H to FFFFH)

2. The above timing chart illustrates an example of the operation in the interval timer
mode.

3. n=0to8
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(2) Reload method (Batch Rewrite)

When the TPNnCCRO and TPnCCR1 registers are written during timer operation via the CCRm
buffer register, the write data is used as the 16-bit counter comparison value. The TPnCCRO
register and the TPnCCR1 register can be rewritten when TPnCE = 1.

In order for the setting value when the TPnCCRO register and the TPNCCR1 register are rewritten
to become the 16-bit counter comparison value (in other words, in order for this value to be
reloaded to the CCRm buffer register), it is necessary to rewrite TPNCCRO and then write to the
TPnCCR1 register before the 16-bit counter value and the TPnCCRO register value match.
Thereafter, the values of the TPnCCRO and the TPnCCR1 register are reloaded upon TPnCCRO
register match.

Whether to enable or disable the next reload timing is controlled by writing to the TPnCCR1
register. Thus even when wishing only to rewrite the value of the TPnCCRO register, also write the
same value to the TPnCCR1 register.

Figure 9-16: Basic Operation Flow for Reload (Batch Rewrite)

START

Initial settings

.

Timer operation enable (TPnCE = 1)
Transfer of TPNCCRm values to

CCRm buffer register

[y
L

TPnCCRO rewrite

TPnCCR1 rewrite — % Reload enable

® Match betwg¢en TPNnCCRO and
16-bit counte

® 16-bit counter clear & start

* Reload of TPNCCRm values to
CCRm buffgr register

—® INTTPnCCO output

=

Caution: Writing to the TPnCCR1 register includes enabling of reload. Thus, rewrite the
TPnCCR1 register after rewriting the TPNCCRO register.

Remarks: 1. The above flowchart illustrates an example of the operation in the PWM mode.

2. n=0to 8
m=0,1

User’s Manual U16580EE2V0UDOO 265



Chapter 9 16-Bit Timer/Event Counter P

Figure 9-17: Timing Chart for Reload

TPnCE =1

e Dot

16-bit counter

TPnCCRO

CCRO buffer

|
register OOOOHXv Dot ‘X Doz X' Dos

| {_.Same value write \ \
TPnCCR1 D11 X D12 X D12

CCR1 buffer
register Note

INTTPnCCO

INTTPNnCCH

Note: Reload is not performed because the TPNnCCR1 register was not rewritten.

Remarks: 1. Dgq, Dgo, Do3: Setting value of TPNCCRO register (0000H to FFFFH)
D44, Dyo: Setting value of TPNCCR1 register (0000H to FFFFH)

2. The above timing chart illustrates the operation in the PWM mode as an example.
3. n=0to8
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9.5.2 Interval timer mode (TPnMD2 to TPnMDO = 000B)

In the interval timer mode, an interrupt request signal (INTTPnCCO) is output upon a match between
the setting value of the TPNnCCRO register and the value of the 16-bit counter, and the 16-bit counter is
cleared. The TPnCCRO register can be rewritten when TPnCE = 1, and when a value is set to the
TPnCCRO register with a write instruction from the CPU, it is transferred to the CCRO buffer register
through anytime write, and is used as the value for comparison with the 16-bit counter value.

In the interval timer mode, the 16-bit counter is cleared only upon a match between the value of the 16-
bit counter and the value of the CCRO buffer register.

16-bit counter clearing using the TPnCCR1 register is not performed. However, the setting value of the
TPnCCRH1 register is transferred to the CCR1 buffer register and compared with the value of the 16-bit
counter, and an interrupt request (INTTPnCC1) is output if these values match.

Moreover, TOPnm pin output is also possible by setting the TPnOEm bit to 1.

When the TPNCCR1 register is not used, it is recommended to set FFFFH as the setting value for the
TPnCCRH1 register.

Remark: n=0t08

Figure 9-18: Flowchart of Basic Operation in Interval Timer Mode

START

Initial settings
Clock selection
(TPNCTLO: TPNCKS2 to TPnCKSO0)
Interval timer mode setting
(TPNCTLO: TPnMD2 to TPnMDO =
000)
Compare register setting
(TPnCCRO, TPNCCR1)

Timer operation enable (TPnCE = 1)
Transfer of TPNCCRO, TPNCCR1
values to CCRO buffer register and
CCR1 buffer register

[y
T

Match between 16-bit counter and —= INTTPnCC1 output
CCR1 buffer register'\°®®

Match between 16-bit counter and CCRO | —® INTTPnCCO output
buffer register, 16-bit counter clear & start

Note: The 16-bit counter is not cleared upon a match between the 16-bit counter and TPnCCR1.

Remark: n=0t08
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Figure 9-19: Basic Operation Timing in Interval Timer Mode (1/2)

(a) Dy > D, > D3; rewrite of TPNnCCRO register only; no TOPn0, TOPn1 output

TPan =1
FFFFH
D1 -

D+ —
/ / Dz/ _
16-bit D3 D3 D3 7

counter

TPnCCRO D >< D2

CCRO buffer
register 0000H

N X‘ D

TPnCCR1 Ds

“3‘+—T

CCR1 buffer
register 0000H Ds

INTTPnCCO

i i i

Remarks: 1. D;, D,: Setting values of TPNCCRO register (0000H to FFFFH)
Dgj: Setting value of TPNCCR1 register (0000H to FFFFH)

2. |Interval time = (Dn + 1) x (count clock cycle)
3. n=0t08
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Figure 9-19: Basic Operation Timing in Interval Timer Mode (2/2)
(b) Dy = D5; no TPNnCCRO, TPnCCR1 rewrite; TOPn1 output

TPnCE =1

FFFFH
D1=D2 - D1=D2 - D1 =D2 _—

16-bit
counter

TPnCCRO D1

CCRO buffer

register 0000H Dr

TPnCCR1 D2

CCR1 buffer
register 0000H D2

INTTPnCCO

INTTPnCCA

TOPNO/TOPN1

Remarks: 1. Dy: Setting value of TPNCCRO register (0000H to FFFFH)
D,: Setting value of TPnCCR1 register (0000H to FFFFH)

2. Interval time = (Dn + 1) x (count clock cycle)
3. n=0to8
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9.5.3 External event count mode (TPnMD2 to TPnMDO = 001B)

In the external event count mode, external event count input (TEVTPn pin input) is used as a count-up
signal. When the external event count mode is set, count-up is performed using external event count
input (TEVTPn pin input), regardless of the setting of the TPnEEE bit of the TPnCTLO register.

In the external event count mode, a match interrupt request (INTTPnCCO) is output upon a match
between the setting value of the TPnCCRO register and the value of the 16-bit counter, and the 16-bit
counter is cleared.

When a value is set to the TPnCCRO register with a write instruction from the CPU, it is transferred to
the CCRO buffer register through anytime write, and is used as the value for comparison with the 16-bit
counter value.

In the external event count mode, the 16-bit counter is cleared only upon a match between the value of
the 16-bit counter and the value of the CCRO buffer register.

16-bit counter clearing using the TPnCCR1 register is not performed. However, the setting value of the
TPnCCR1 register is transferred to the CCR1 buffer register and compared with the value of the 16-bit
counter, and an interrupt request (INTTPnCC1) is output if these values match.

Moreover, TOPnm pin output is also possible by setting the TPnOEm bit to 1.

The TPnCCRO register can be rewritten when TPnCE = 1. When the TPnCCR1 register is not used, it is
recommended to set FFFFH as the setting value for the TPnCCR1 register.

Cautions: 1. In external event count mode, when the setting value of the TRNCCRO register is
set to m, the number of TEVTPn pin input edge detection times is m+1.

2. In external event count mode, do not set TPnCCRO register to 0000H.

Remark: n=0to7
m=0, 1
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Notes: 1.

Figure 9-20: Flowchart of Basic Operation in External Event Count Mode

START

Initial settings
« External event count mode setting
(TPnCTLO: TPnMD2 to TPnMDO =
001 )Note1
« Valid edge setting
(TPnIOC2: TPNEES1, TPNEESO)
* Compare register setting
(TPnCCRO, TPnCCR1)

l

Timer operation enable (TPnCE = 1)
— Transfer of TPNCCRO,
TPnCCR1 values to CCRO buffer
register and CCR1 buffer register

oy
|

Match between 16-bit counter and
CCR1 buiffer registerN°t® 2

Match between 16-bit counter and
CCRO buffer register,
16-bit counter clear & start

Selection of the TPnEEE bit has no influence.

— = INTTPnCC1 output

—® INTTPnCCO output

2. The 16-bit counter is not cleared upon a match between the 16-bit counter and the CCR1

Remark:

buffer register.

n=0to7
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Figure 9-21:

Basic Operation Timing in External Event Count Mode (1/2)

(a) D1 > D2 > D3; rewrite of TPnCCRO only; no TOPn0O, TOPn1 output

FFFFH

16-bit
counter

TPnCCRO

CCRO buffer
register

TPnCCR1

CCR1 buffer
register

INTTPnCCO

INTTPnCCH

Remarks: 1.

TPan =1

Ds

i

D1

Ds

=

Ds

o

D+

D2

)

0000H

D+

D2

0000 ‘

Ds

:

:

D4, Dy: Setting values of TPNCCRO register (0000H to FFFFH)

Dj3: Setting value of TPNCCR1 register (0000H to FFFFH)

Event count = (Dn + 1)

n=0to7
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Figure 9-21:

FFFFH

16-bit
counter

TPnCCRO

CCRO buffer
register

TPnCCR1

CCR1 buffer
register

INTTPnCCO

INTTPnCCAH

TOPNO/TOPN{1

Remarks: 1.

Basic Operation Timing in External Event Count Mode (1/2)

(b) D1 =D2; no TPhCCRO, TPnCCR1 rewrite; TOPn0O, TOPn1 output

TPnCE =1

D1=D2 - D1 =D2 -

D1=D2

|

0000H X D1

D2

OOE-IXJ D2

D1: Setting value of TPnCCRO register (0000H to FFFFH)
D2: Setting value of TPnCCR1 register (0000H to FFFFH)

Event count = (Dn + 1)
n=0to7
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9.5.4 External trigger pulse output mode (TPnMD2 to TPnMDO = 010B)

In the external trigger pulse output mode, setting TPnCE = 1 causes external trigger input (TTRGPn pin
input) wait with the 16-bit counter stopped at FFFFH. The count-up operation starts upon detection of
the external trigger input (TTRGPn pin input) edge.

Regarding TOPn1 output control, the reload register (TPNCCR1) is used as the duty setting register
and the compare register (TPnCCRO) is used as the cycle setting register.

The TPnCCRO register and the TPnCCR1 register can be rewritten when TPnCE = 1.

In order for the setting value when the TPnCCRO register and the TPnCCR1 register are rewritten to
become the 16-bit counter comparison value (in other words, in order for this value to be reloaded to the
CCRm buffer register), it is necessary to rewrite TPNnCCRO and then write to the TPnCCR1 register
before the 16-bit counter value and the TPnCCRO register value match. Thereafter, the values of the
TPnCCRO and the TPNnCCRH1 register are reloaded upon a TPnCCRO register match.

Whether to enable or disable the next reload timing is controlled by writing to the TPnCCR1 register.
Thus even when wishing only to rewrite the value of the TPNnCCRO register, also write the same value to
the TPnCCR1 register.

Reload is disabled even when only the TPnCCRO register is rewritten. To stop timer P, set TPnCE = 0. If
the external trigger (TTRGPn pin input) edge is detected several times in the external trigger pulse
mode, the 16-bit counter is cleared at the edge detection timing and count-up starts.

To realize the same function (software trigger pulse mode) as external trigger pulse mode using a
software trigger instead of external trigger input (TTRGPn pin input), set the TPnEST bit of the
TPnCTL1 register to 1 so that the software trigger is output. The external trigger pulse waveform is
output from TOPn1. The TOPNO pin performs toggle output upon a match between the TPnCCRO
register and the 16-bit counter.

Since the TPNCCRO register and the TPnCCR1 register have their function fixed to that of a compare
register in the external trigger pulse mode, they cannot be used for capture operation in this mode.

Caution: In the external trigger pulse output mode, select the internal clock (TPnEEE bit of
TPnCTLA1 register = 0) for the count clock.

Remarks: 1. For the reload operation when TPnCCRO and TPnCCR1 are rewritten during timer
operation, refer t0 9.5.6 PWM mode (TPnMD2 to TPnMDO = 100B).

2. n=0to7
m=0,1
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Figure 9-22: Flowchart of Basic Operation in External Trigger Pulse Output Mode

START

Initial settings
e Clock selection
(TPnCTL1: TPnEEE = 0)
(TPnCTLO: TPnCKS2 to TPNnCKS0)
e External trigger pulse output mode
setting
(TPnCTL1: TPnMD2 to TPnMDO = 010)
e Compare register setting
(TPnCCRO, TPnCCR1)

External trigger
(TIPNO pin) input

16-bit counter
| clear & start
Timer operation enable (TPnCE = 1)
— Transfer of TPnCCRO, TPNnCCR1
values to CCRO buffer register and
CCR1 buffer register

External trigger (TIPnO pin) input
— 16-bit counter start

-t

Match between 16-bit counter and
TPnCCR1Not®

Match between 16-bit counter and
TPnCCRO, 16-bit counter clear & start

—— INTTPnCC1 output

— = INTTPNCCO output

Note: The 16-bit counter is not cleared upon a match between the 16-bit counter and the CCR1 buffer
register.

Remark: n=0to7
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Figure 9-23: Basic Operation Timing in External Trigger Pulse Output Mode

FFFFH

/ Degy Doz)
_bi D D
16-bit counter 11 11 Dis / Do /

TPnCE =1

Dot

External trigger
(TIPNO pin)
TPnCCRO Dot X Doz
CCRO buffer  gg0014Y' Dor ' Doz
register ‘ ‘ ‘ ‘ ‘ ‘
TPnCCR1 D11 D12
CCR1 buffer  g001Y D11 ' D2
register
TOPNO
TOPn1 B
Remarks: 1. D01, D02: Setting value of TPNnCCRO register (0000H to FFFFH)
D11, D12: Setting value of TPnCCR1 register (0000H to FFFFH)
2. TOPn1 output duty = (Setting value of TPnCCR1 register)
/ (Setting value of TPOCCRO register)
TOPN1 output cycle = (Setting value of TPnCCRO register) x (Count clock cycle)
3. n=0to7
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9.5.5 One-shot pulse mode (TPnMD2 to TPnMDO = 011B)

In the one-shot pulse mode, setting TPnCE = 1 causes waiting on TPnEST bit setting (1) or TTRGPn

pin edge detection triggerN°te1 with the 16-bit counter held at FFFFH. The 16-bit counter starts
counting up upon trigger input, and upon a match between the value of the 16-bit counter and the value
of the CCR1 buffer register transferred from the TPnCR1 register, TOPn1 becomes high level; Upon a
match between the value of the 16-bit counter and the value of the CCRO register transferred from the
TPnCCRO register, TOPn1 becomes low level and the 16-bit counter is cleared to 0000H and stops.
Any trigger input past the first one during 16-bit counter operation is ignored. Be sure to input the
second and subsequent triggers when the 16-bit counter has stopped at 0000H. In the one-shot pulse
mode, the TPNCCRO and TPnCCR1 registers can be rewritten when TPnCE = 1. The setting values
rewritten to the TPNCCRO and TPnCCR1 registers become valid following execution of a write
instruction from the CPU, at which time they are transferred to the CCRO buffer register and the CCRO
buffer register through anytime write, and become the values for comparison with the 16-bit counter
value. The one-shot pulse waveform is output from the TOPn1 pin. The TOPnO pin performs toggle

output upon a match between the 16-bit counter and the TPnCCRO registerN°te 2,
Since the TPNCCRO and TPnCCR1 registers have their function fixed to that of a compare register in
the one-shot pulse mode, they cannot be used for capture operation in this mode.

Notes: 1. External trigger input pin (TTRGPn) is not available for TMP8 (n = 8).
2. Output pin (TOPNO) is not available for TMP8 (n = 8).

Caution: In the one-shot pulse mode, select the internal clock (TPnEEE bit of TPnCTLA1
register = 0) for the count clock.

Remark: n=0t08
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Figure 9-24: Flowchart of Basic Operation in One-Shot Pulse Mode

START

Initial settings
¢ Clock selection
(TPnCTL1: TPnEEE = 0)
(TPnCTLO: TPNnCKS2 to TPNCKSO)
¢ One-shot pulse mode setting
(TPnCTL1: TPnMD2 to TPnMDO =
011B)
o Compare register setting
(TPnCCRO, TPNCCR1)

Timer operation enable (TPnCE = 1)
— Transfer of TPNnCCRO, TPNnCCR1
values to CCRO bulffer register

and CCR1 buffer register

Trigger wait status, 16-bit counter in
standby at FFFFH

o

or TPnEST =1
— 16-bit counter start

External trigger (TEVTPn pin) input"™’,

Trigger wait status, 16-bit counter in
standby at 0000H

Match between 16-bit counter
and CCR1 buffer register**®?

Match between 16-bit counter and
CCRO buffer register,
16-bit counter clear

— INTTPNnCC1 output

—® INTTPnCCO output

Notes: 1. External trigger input (TTRGPn) is not available for TMP8 (n = 8).

2. The 16-bit counter is not cleared upon a match between the 16-bit counter and the CCR1

buffer register.

Caution: The 16-bit counter is not cleared and trigger input is ignored even if trigger input is
performed during the count-up operation of the 16-bit counter.

Remark: n=01t08
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Figure 9-25: Timing of Basic Operation in One-Shot Pulse Mode

TPnCE =1 TPnEST =1

FFFFH

Note 1 - A i
16-bit counter D1/ D1/ D1/

External trigger 0 |_| _l _l
(TTRGPn)Note 2 !

TPnCCRO Do

Vo[ ] [ |
conm oo .
TPnCCR1 D+

| | L] ] |
CCR1 buffer Y

register 0000H D

INTTPNCCO —l —l —l
INTTPnCCH —l —l —l

TOPN1

ToPno'VOte 3

Notes: 1. The 16-bit counter starts counting up when either TPnEST = 1 is set or TEVTPn is input.
2. External trigger input pin (TTRGPnN) is not available for TMP8 (n = 8).
3. Output pin (TOPNO) is not available for TMP8 (n = 8).
Remarks: 1. DO: Setting value of TPnCCRO register (0000H to FFFFH)
D1: Setting value of TPnCCR1 register (0000H to FFFFH)

2. Delay time of one-shot pulse output (TOPn1) when external pin edge detection trigger is
used:
(TPnCCR1 value + 1) (Selected count clock) + 2/(fxx) + (TTRGPn input filter delay)

3. n=0to8
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9.5.6 PWM mode (TPnMD2 to TPnMDO = 100B)

In the PWM mode, TMPn capture/compare register 1 (TPnCCR1) is used as the duty setting register
and TMPn capture/compare register 0 (TPnCCRO) is used as the cycle setting register.

Variable duty PWM is output by setting these two registers and operating the timer.

The TPnCCRO register and the TPnCCR1 register can be rewritten when TPnCE = 1.

In order for the setting value when the TPnCCRO register and the TPnCCR1 register are rewritten to
become the 16-bit counter comparison value (in other words, in order for this value to be reloaded to
CCRO buffer register or CCR1 buffer register), it is necessary to rewrite TPNCCRO and then write to the
TPnCCR1 register before the 16-bit counter value and the TPnCCRO register value match. Thereafter,
the values of the TPnCCRO register and the TPnCCR1 register are reloaded upon a TPnCCRO register
match.

Whether to enable or disable the next reload timing is controlled by writing to the TPnCCR1 register.
Thus even when wishing only to rewrite the value of the TPNnCCRO register, also write the same value to
the TPnCCR1 register.

Reload is disabled even when only the TPNnCCRO register is rewritten. To stop timer P, set TPnCE = 0.

PWM waveform output is performed from the TOPn1 pin. The TOPnO pinN°te performs toggle output
upon a match between the 16-bit counter and the TPnCCRO register.
Since the TPnCCRO and TPnCCR1 registers have their function fixed that of a compare register in the
PWM mode, they cannot be used for capture operation in this mode.

Note: TOPNO output pin is not available for TMP8 (n = 8).

Remark: n=01t08
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(a) Values of TPNnCCRO, TPnCCR1 registers not rewritten during timer operation

Figure 9-26: Flowchart of Basic Operation in PWM Mode (1/2)

START

Initial settings
¢ Clock selection
(TPnCTLO: TPNCKS2 to TPnCKSO0)
o PWM mode settings
(TPnCTL1: TPNMD2 to TPnMDO =
100B)
o Compare register setting
(TPNnCCRO, TPNCCR1)

Timer operation enable (TPnCE = 1)
— Transfer of TPNCCRm register
values to CCRm buffer register

o

Match between 16-bit counter and CCR1
buffer register, TOPn1 low-level output

Match between 16-bit counter and CCRO
buffer register, 16-bit counter clear &
start

TOPN1 high-level output

— INTTPnCC1 output

— = INTTPnCCO output
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Figure 9-26: Flowchart of Basic Operation in PWM Mode (2/2)

(b) Values of TPnCCRO, TPnCCR1 registers rewritten during timer operation

START

Initial settings
¢ Clock selection
(TPNnCTLO: TPnCKS2 to TPNCKSO0)
o PWM mode setting
(TPnCTL1: TPnMD2 to TPnMDO =
100B)
e Compare register setting
(TPnCCRO, TPnCCR1)

Timer operation enable (TPnCE = 1)
— Transfer of TPNCCRm register
values to CCRm buffer register

—

Match between 16-bit counter and

— INTTPnCC1 output
TPnCCR1, TOPn1 low-level output

Match between 16-bit counter and
TPnCCRO, 16-bit counter clear & start,
TOPN1 high-level output

TPnCCRO rewrite

Match between 16-bit counter and CCR1
buffer register, TOPn1 low-level output

— INTTPnCCO output

<1>

<2> —= INTTPnCC1 output

Note
TPnCCR1 rewrite <3> | ——# Reload enable
| /
¢ Match between CCRO buffer register —— INTTPnCCO output

and 16-bit counter

e 16-bit counter clear & start

e Values of TPNCCRm reloaded to
CCRm buffer register

Note: The timing of <2> in the above flowchart may differ depending on the rewrite timing of steps <1>
and <3> and the value of TPnCCR1, but make sure that step <3> comes after step <1>.

Remark: n=01t08
m=0,1
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Figure 9-27: Basic Operation Timing in PWM Mode (1/2)
(a) TPnCCR1 value rewritten

TPnCE =1

FFFFH

Doo Doo Doo Doo

D11 /
16-bit counter Do Do

TPnCCRO X Doo

CCRO buffer  0000H Doo
register ‘ ‘ ‘ ‘ ‘ ‘ ‘

TPnCCR1 X D1o D11 X D12 X D13

CCR1 buffer 0000H D1o D11 D12 D13
register

TOPN1

TopnoNote

Note: TOPNO output pin is not available for TMP8 (n = 8).

Remarks: 1. Dgq: Setting value of TPnCCRO register (0000H to FFFFH)
D1g: D11, D12, Dq3: Setting values of TPNCCR1 register (0000H to FFFFH)

2. TOPn1 output duty factor Setting value of TPNCCR1 register)

= (
/' (Setting value of TPOCCRO register + 1)
TOPN1 output cycle = (Setting value of TPNCCRO register + 1)
x (Count clock cycle)
TOPNO output toggle width = (Setting value of TPNnCCRO register + 1)
x (Count clock cycle)
3. n=0to8
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Figure 9-27: Basic Operation Timing in PWM Mode (2/2)

(b) TPnCCRO, TPNnCCR1 values rewritten

TPnCE =1
FFFFH Do
Doy Dot
Doz
16-bit counter D11 D11 /
D12
Dio
TPnCCRO Doo X Dot X Doz \X Dos
\ \' \ \ \' \ Note \ \' \ \
CCRO buffer  0o0oH Doo Do Doz Dos
register \
{]_Same value write
TPnCCR1 D1o X D11 X D12 D12
I
\ \' | \ \' | Note | \ \' | \
CCR1 buffer  0000H D1o D11 D12 12
register
TOPN1
TOPno ot 2
Notes: 1. Reload is not performed because the TPNnCCR1 register was not rewritten.

2. TOPNO output pin is not available for TMP8 (n = 8).

Remarks: 1.

284

Doo, Dg1, Dga, Dg3: Setting values of TPnCCRO register (0000H to FFFFH)
D19, D11, D12, D13: Setting values of TPnCCR1 register (0000H to FFFFH)

TOPN1 output duty factor (Setting value of TPNnCCR1 register)
(Setting value of TPOCCRO register + 1)
(Setting value of TPNCCRO register + 1)
(Count clock cycle)

(Setting value of TPnCCRO register + 1)

x (Count clock cycle)

/
TOPN1 output cycle =
X

TOPNO output toggle width =

n=0to08
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9.5.7 Free-running mode (TPnMD2 to TPnMDO = 101B)

In the free-running mode, both the interval function and the compare function can be realized by
operating the 16-bit counter as a free-running counter and selecting capture/compare operation with
the TPnCCS1 and TPnCCSO bits.

The settings of the TPnCCS1 and TPNnCCSO0 bits of the TPNOPTO register are valid only in the
free-running mode.

TPnCCS1 Operation
0 Use TPNCCRH1 register as compare register
1 Use TPNCCRH1 register as capture register
TPnCCSO Operation
0 Use TPNCCRO register as compare register
1 Use TPNCCRQO register as capture register

(a) Using TPNCCR1 register as compare register

An interrupt is output upon a match between the 16-bit counter and the CCR1 buffer register in the
free-running mode (interval function).

Rewrite during compare timer operation is enabled and performed with anytime write. (Once the
compare value has been written, synchronization with the internal clock is done and this value is
used as the 16-bit counter comparison value.)

When timer output (TOPn1) has been enabled, TOPn1 performs toggle output upon a match
between the 16-bit counter and the CCR1 buffer register.

(b) Using TPNCCR1 register as capture register

The value of the 16-bit counter is saved to the TPnCCR1 register upon TIPn1 pinN°te 1

detection.

edge

(c) Using TPNnCCRO register as compare register

An interrupt is output upon a match between the 16-bit counter and the CCRO buffer register in the
free-running mode (interval function).
Rewrite during compare timer operation is enabled and performed with anytime rewrite.

When timer output (TOPNO) has been enabled, TOPnoNote 2 performs toggle output upon a match
between the 16-bit counter and the CCRO buffer register.

(d) Using TPnCCRO register as capture register

The value of the 16-bit counter is saved to the TPnCCRO register upon TIPnO pinN°te 1

detection.

edge

Notes: 1. Since TMP8 has no external input pin, the capture function can only be used internally for
capturing the interrupt signal INTTTOCCO of TMTO, or INTCM10 of TMENCH1, into the
TP8CCRO register, or the interrupt signal INTTTOCC1 of TMTO, or INTCM11 of TMENC1
into the TP8CCR1 register respectively, which is specified by the TPIC22 bit of TPIC2
register (refer to 9.4 (9) TMP input control register 2 (TPIC2)).

2. TOPNO output pin is not available for TMP8 (n = 8).
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Figure 9-28: Flowchart of Basic Operation in Free-Running Mode

START

e Clock selection

Initial settings

(TPnCTLO: TPNnCKS2 to TPNnCKS0)
e Free-running mode setting

(TPnCTL1: TPnMD2 to TPnMDO = 101B)

TPnCCS1, TPnCCSO setting

TPnCCS1=0
TPnCCS0 =0

Timer operation enable

(TPnCE = 1)

— Transfer of TPNCCRO
and TPnCCR1 values
to CCRO buffer register
CCRO and CCR1 buffer
registers respectively

[
|

Match between CCR1 buffer
register and 16-bit counter

|

Match between CCRO buffer
register and 16-bit counter

|

16-bit counter overflow

]
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|
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-
|
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-
|

capture of 16-bit counter
value to TPnCCR1
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capture of 16-bit counter
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|
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capture of 16-bit counter
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16-bit counter overflow

|

16-bit counter overflow
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(1) TPnCCS1 =0, TPnCCSO0 = 0 settings (interval function description)

When TPnCE = 1 is set, the 16-bit counter counts from 0000H to FFFFH and the free-running
count-up operation continues until TPnCE = 0 is set. In this mode, when a value is written to the
TPnCCRO and TPnCCRH1 registers, they are transferred to the CCRO buffer register and the CCR1
buffer register (anytime write). In this mode, no one-shot pulse is output even when an one-shot
pulse trigger is input. Moreover, when TPNnOEm = 1 is set, TOPnm performs toggle output upon a
match between the 16-bit counter and the CCRm buffer register.

Figure 9-29: Basic Operation Timing in Free-Running Mode (TPnCCS1 = 0, TPnCCSO0 = 0)

TPnCE =1

FFFFH

Dot /

Doo Doo Z
16-bit counter Do

TPnCCRO Doo X Dor

CCRO buffer 0000H><' Doo X ' Dot
register

TOPnoNote

INTTPnCCO
match interupt

TPnCCR1 Dio X Drs

| ]
‘J

CCR1 buffer OOOOHX* D1o X
register

INTTPnCC1
match interupt

TOPN1

Note: TOPNO output pin is not available for TMP8 (n = 8).

Remarks: 1. Dgqg, Dgq: Setting values of TPnCCRO register (0000H to FFFFH)
Dyg, D41: Setting values of TPNnCCR1 register (0000H to FFFFH)

TOPnm output rises to the high level when counting is started.

3. n=0to8
m=0,1
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(2) TPnCCS1 =1, TPnCCSO0 = 1 settings (capture function description)

When TPnCE = 1, the 16-bit counter counts from 0000H to FFFFH and free-running count-up
operation continues until TPnCE = 0 is set. During this time, values are captured by capture trigger
operation and are written to the TPnCCRO and TPnCCR1 registers.
Regarding capture in the vicinity of overflow (FFFFH), judgment is made using the overflow flag
(TPNOVF). However, if overflow occurs twice (2 or more free-running cycles), the capture trigger
interval cannot be judged with the TPnOVF flag. In this case, the system should be revised.

Figure 9-30: Basic Operation Timing in Free-Running Mode (TPnCCS1 =1, TPnCCSO0 = 1)

FFFFH

16-bit
counter

TIPnO

TPnCCRO

TIPn1

TPnCCR1

Remarks: 1.

288

TPnCE =1
D1o
Do2
D12
Dog Do1
/ / ;
Do3
7
0000H v Doo v Do vDe YV Dos
f y
0000H v Do Y D1t ¥ D1z

Dgg, Dg4: Values captured to TPnCCRO register (0000H to FFFFH)
D;g, D44: Values captured to TPnCCR1 register (0000H to FFFFH)

TIPnO: Set to rising edge detection (TPnIS1, TPnISO = 01B)

TIPn1: Set to falling edge detection (TPnIS3, TPnIS2 = 10B)

n=0to7
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(83) TPnCCS1 =1, TPnCCSO0 = 0 settings

When TPnCE = 1 is set, the counter counts from 0000H to FFFFH and free-running count-up
operation continues until TPNCE = 0 is set. The TPnCCRO register is used as a compare register.
An interrupt signal is output upon a match between the value of the 16-bit counter and the setting
value transferred to the CCRO buffer register from the TPnCCRO register as an interval function.
Even if TPnOE1 = 1 is set to realize the capture function, the TPnCCR1 register cannot control

TOPN1.
Figure 9-31: Basic Operation Timing in Free-Running Mode (TPnCCS1 = 1, TPnCCSO0 = 0)
TPnCE =1
FFFFH D11 Do+ Z
D1o D1 4D15
Doo Doo
16-bit D13
counter D12
TPnCCRO Doo Dot
CCRO buffer 0000&* Doo Dot
register
INTTPNCCO \
match interrupt
TIPn1
TPnCCR1 0000H 'D1o X "Dt D12 ' D13 m ' Dis
D14
Remarks: 1. D00, DO1: Setting values of TPnCCRO register (0000H to FFFFH)

D10, D11, D12, D13, D14, D15: Values captured to TPnCCR1 register (0000H to

FFFFH)

TIPn1: Set to detection of both rising and falling edges (TPnIS3, TPnIS2 = 11B)

n=0to7
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(4) TPnCCS1 =0, TPnCCSO0 = 1 settings

When TPnCE is set to 1, the 16-bit counter counts from 0000H to FFFFH and free-running
count-up operation continues until TPNCE = 0 is set. The TPnCCR1 register is used as a compare
register. An interrupt signal is output upon a match between the value of the 16-bit counter and the
setting value of the TPnCCR1 register as an interval function. When TPnOE1 = 1 is set, TOPn1
performs toggle output upon mach between the value of the 16-bit counter and the setting value of
the TPNnCCRH1 register.

Figure 9-32: Basic Operation Timing in Free-Running Mode (TPnCCS1 = 0, TPnCCSO0 = 1)

TPn%E:1
FFFFH
Doo Doz
/ Dos
D1o
Dzl//7
16-bit counter Dot
D11 / D11
TIPnO
|
TPnCCRO 0000H " Do Dot ' Doz Dos
INTTPnCCO
capture interrupt
TPnCCR1 Dio X Di1 Die
CCR1 buffer ) 1 1
register OOOOHX Do X D11 D12

INTTPnCCA

Remarks: 1. Dgg, Dgq, Dgo, Do3: Values captured to TPnCCRO register (0000H to FFFFH)
D19, D11, D12: Setting value of TPNCCR1 register (0000H to FFFFH)

2. TIPnO: Set to falling edge detection (TPnIS1, TPnISO = 10B)
n=0to7

(5) Overflow flag

When the counter overflows from FFFFH to 0000H in the free-running mode, the overflow flag
(TPNOVF) is set to 1 and an overflow interrupt (INTTPnQV) is output.

Be sure to confirm that the overflow flag (TPnOVF) is set to “1” when the overflow interrupt
(INTTPnOV) has occurred.

The overflow flag is cleared by writing 0 from the CPU.
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9.5.8 Pulse width measurement mode (TPnMD2 to TPnMDO = 110B)

In the pulse width measurement mode, free-running count is performed. The value of the 16-bit counter
is saved to capture register 0 (TPNCCRO), or capture register 1 (TPnCCR1) respectively, and the 16-bit
counter is cleared upon edge detection of the TIPnO pin, or TIPn1 respectively. The external input pulse
width can be measured as a result.

However, when measuring a large pulse width that exceeds 16-bit counter overflow, perform judgment
with the overflow flag. Since measurement of pulses for which overflow occurs twice or more is not
possible, adjust the operating frequency of the 16-bit counter.

Depending on the selected capture input sources and specified edge detection three different
measurement methods can be applied.

<1> Pulse period measurement
<2> Alternating pulse width and pulse space measurement:

This requires a fast interrupt handling, in order to measure pulse width and pulse space correctly.
<3> Simultaneous pulse width and pulse space measurement:

Both capture inputs are required to measure pulse width and pulse space simultaneously.

The measurements methods are explained in the following sub-chapters.

Cautions: 1. In the pulse width measurement mode, select the internal clock (TPnEEE of
TPnCTL1 register = 0).

2. Pulse width measurement cannot be performed by timer P8 (TMP8).

Remark: n=0to7
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(1) Pulse period measurement

The pulse period of a signal can be measured in the pulse width measurement mode, when the
edge detection of one of the inputs TIPnO and TIPn1 is set either to “rising edge” or “falling edge”.
The detection of the other input should be set to “no edge detection”.

By detection of the specified edge the resulting value is captured in the corresponding capture
register (TPnCCRO or TPNnCCR1), and the timer is cleared and restarts counting.

Figure 9-33: Flowchart of Pulse Period Measurement

START

Initial settings

o Clock selection
(TPnCTLO: TPnCKS2 to TPnCKS0)

e Pulse width measurement mode setting
(TPnCTL1: TPnMD2 to TPnMDO =
110B)

o Capture register setting
(TPnCCRO, TPNCCR1)

TIPn1/TIPnO edge detection setting"*
(TPnIS3 to TPNISO)

Timer operation enable (TPnCE = 1) I

|

Specified edge input to TIPnm (rising or
falling edge), capture of value to
TPnCCRm, 16-bit counter clear & start

Note: External pulse input is possible for both TIPnO and TIPn1, but only one should be selected for

the pulse period measurement.
Specify either “rising edge” or “falling edge” for edge detection. Specify the edge of the external

input pulse that is not used as “no edge detection”.

Remark: n=0to7
m=0,1
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Figure 9-34: Basic Operation Timing of Pulse Period Measurement

FFFFH

16-bit
counter

TIPnO

TPnCCRO

INTTPNCCRO

TPnOVF

INTTPNOV

Remarks: 1.

TPnCE =1
Dor 1= FFFFH
- Doz
Doo
¥ \
0000H Doo Dot Doz

cleared by

r writing 0
| from CPU

Dog, Dg1, Dgo:  Values captured to TPnCCRO register (0000H to FFFFH)

TIPnO: Set to detection of rising edge (TPnIS1, TPnISO = 01B)
TIPn1: Set to no edge detection (TPnIS3, TPnIS2 = 00B)
n=0to7

User’s Manual U16580EE2V0UDOO

293



Chapter 9 16-Bit Timer/Event Counter P

(2) Alternating pulse width and pulse space measurement

The pulse period of a signhal can be measured in the pulse width measurement mode alternating in
one capture register, when the edge detection of one of the inputs TIPn0 and TIPn1 is set to “both
rising and falling edges”. The detection of the other input should be set to “no edge detection”.

By detection of a falling or rising edge the resulting value is captured in the corresponding capture
register (TPNnCCRO or TPNCCR1), and the timer is cleared and restarts counting.

Figure 9-35: Flowchart of Alternating Pulse Width and Pulse Space Measurement

START

Initial settings

o Clock selection
(TPnCTLO: TPnCKS2 to TPnCKS0)

e Pulse width measurement mode setting
(TPnCTL1: TPnMD2 to TPnMDO =
110B)

o Capture register setting
(TPnCCRO, TPNCCR1)

TIPn1/TIPnO edge detection setting"*
(TPnIS3 to TPNISO)

Timer operation enable (TPnCE = 1) I

|

Rising edge input to TIPnm, capture of
value to TPnCCRm, 16-bit counter
clear & start

Falling edge input to TIPnm, capture of
value to TPnCCRm, 16-bit counter
clear & start

Note: External pulse input is possible for both TIPnO and TIPn1, but only one should be selected for
the alternating pulse width and pulse space measurement.
Specify “both rising and the falling edges” for edge detection. Specify the edge of the external
input pulse that is not used as “no edge detection”.

Remark: n=0to7
m=0,1
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Figure 9-36: Basic Operation Timing of Alternating Pulse Width and Pulse Space Measurement

FFFFH

16-bit
counter

TIPnO

TPnCCRO

INTTPnCCRO

TPnOVF

INTTPNOV

Remarks: 1.

TPnCE =1

FFFFH

1V

/ Doa

0000H Doo Dot

Doz

Dos

Doa

cleared by

r writing 0
| from CPU

Dog> Do1, Dga, Dg3, Dga:  Values captured to TPnCCRO register (0000H to FFFFH)

TIPnO: Set to detection of both rising and falling edges (TPnIS1, TPnISO = 11B)

TIPn1:
n=0to7
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©)

Simultaneous pulse width and pulse space measurement

Pulse width and pulse space can be measure simultaneously in the pulse width measurement
mode, when the signal is input to both inputs TIPnO and TIPn1, where both inputs detect opposite
edges. Alternatively the signal can be input to TIPnO only, when the capture source input selection
for capture register 1 is used (ref. to 9.4 (7) TMP input control register 0 (TPIC0) and 9.4 (8)
TMP input control register 1 (TPIC1)).

By detection of the specified edge the resulting values of pulse width or pulse space are captured
in the corresponding capture registers (TPNCCRO, TPnCCR1), and the timer is cleared and
restarts counting.

Figure 9-37: Flowchart of Simultaneous Pulse Width and Pulse Space Measurement

START

Initial settings

o Clock selection
(TPnCTLO: TPnCKS2 to TPnCKSO0)

o Pulse width measurement mode setting
(TPnCTL1: TPnMD2 to TPnMDO =
110B)

o Capture register setting
(TPNCCRO, TPNCCR1)

TIPn1/TIPnO edge detection setting"*
(TPnIS3 to TPNISO)

Timer operation enable (TPnCE = 1) I

|

Rising edge input to TIPnx, capture of
value to TPnCCRXx, 16-bit counter clear
& start

Falling edge input to TIPny, capture of
value to TPnCCRYy, 16-bit counter clear
& start

Note: External pulse input must be input to both TIPnO and TIPn1, or to TIPnO only, if the internal

connection between both inputs is selected.
Specify “rising edge” for edge detection of first input, and “falling edge” for the second input, or
vice versa.

Remark: n=0to7

296

x=0,1
y=0whenx=1;y=1whenx=0

User’'s Manual U16580EE2VOUDOO



Chapter 9 16-Bit Timer/Event Counter P

Figure 9-38: Basic Operation Timing of Simultaneous Pulse Width

and Pulse Space Measurement

TPnCE =1
FFFFH FFFFH
16-bit D1o|
counter Doo Do1] D11
/ / / Doz|
Note 3 W w
TIPnO,
TIPn1 \
A A
TPnCCRO 0000H Doo | Dot | XDe
TPnCCR1 0000H ' D1o " D
INTTPNnCCRO
INTTPNnCCR1
cleared by
writing 0
TPnOVF from CPU
INTTPNOV

Note: The signal to measure has to be assigned to both inputs, TIPnO and TIPn1. This can be done
either by external pin connection, or internally when selecting TIPn1 input on TIPnO pin. In case
of internal connection the signal has to be input on TIPnO pin.

Remarks: 1. Dgg, Dgq, D

D10, D11

o2 Values captured to TPNCCRO register (0000H to FFFFH)
Values captured to TPnCCR1 register (0000H to FFFFH)

TIPn1: Set detection to falling edge (TPnIS3, TPnIS2 = 10B)

n=0to7

2
3. TIPnO: Set detection to rising edge (TPnIS1, TPnISO = 01B)
4
5
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9.5.9 Counter synchronous operation function

Timer P supports a function to start several timers P simultaneously. For this purpose two timer groups
are defined, TMPO to TMP3, as well as TMP4 to TMP7. For each timer group the counting of one to
three slave counters (TMP1 to TMP3, or TMP5 to TMP7) can be synchronized with the corresponding
master counter (TMPO or TMP4). The synchronous operation function is enabled for each incorporated
timer by the TPnSYE bit in the TPnCTL1 register (ref. to 9.4 (2) TMPn control register 1 (TPnCTL1)).

When enabling the synchronous operation function, observe the following procedure:

<1> Clear the synchronous mode selection bit TPmSYE of the master counter TMPm to O.

<2> Disable the count operation of the master counter TMPm (TPmCE = 0).

<3> Enable the synchronous operation for each of the incorporated slave counters TMPs (TPsSYE =
1).

<4> Enable the operation of the master counter TMPm (TPmMCE = 1).

Master and incorporated slave counters of that group start and clock synchronously. When the master
counter is cleared, the slave counters are cleared synchronously too.

Cautions: 1. In synchronous operation mode, the master counter can be used only in PWM
mode (TPmMD2 to TPmMDO = 100B), external trigger pulse output mode
(TPmMD2 to TPmMDO = 010B), one-shot pulse output mode (TPmMD2 to
TPmMDO = 011B), and free-running mode (TPmMD2 to TPmMDO = 101B).

2. In synchronous operation mode, the slave counters can be used in free-running
mode only (TPsMD2 to TPsMDO = 101B).

Remark: n=0to7,
m=0,4
s=1t03,5t07
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10.1 Features

Timer R is a 16-bit timer/counter that provides various motor control functions.

¢ Count clock resolution: 31.25 ns min. (when using 32 MHz count clock)
e General-purpose timer and operation mode supporting various motor control methods
e Compare registers with reload buffers

¢ 10-bit dead time counter
- Dead time value independently settable through normal phase —inverted phase —normal
phase

e A/D conversion trigger signal generation
- Generation of A/D conversion trigger with 2 compare registers, TRNCCR4 and TRnCCR5
- Dedicated output pin (TORN7) set with the TRNADTRGO signal and reset with the TRNADTRG1
signal

e Interrupt thinning out function
- Thinning out rates of 1/1 to 1/32

e Forced output stop function: ESO
- High-impedance output of pins TORNO to TORN7 possible during ESOn input

e Compare value setting

- Reload (batch rewrite)/anytime rewrite mode selectable N°te

¢ Reload mode
- Reload enabled by writing to TRNCCR1 register last, multiple registers simultaneity maintained

- Peak/valley/peak and valley reload, transfer possible at reload timing Note
- Provision of reload request flag TRNRSF
- DMA transferable register address placement
e High-accuracy T-PWM mode
- 0to 100% duty PWM output possible, including dead time reduction
- Increased output resolution without software load, because presence/absence of added pulse to
PWM output on up-count side can be controlled with LSB of compare register
e 8 selectable count clocks: &2, /4, &/8, &/16, ¢/ 32, /64, &/256, /1024
e Active level of output pins TORNO to TORN7 settable for each pin

¢ Fail-safe function (error interrupt output possible)
- Simultaneous active output detection function in normal phase/inverted phase

Note: High-accuracy T-PWM mode
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10.2 Configuration

Timer R is configured of the following hardware.

Table 10-1: Timer R Configuration

Item Configuration
Counters 16-bit counter x 1
16-bit sub-counter x 1
10-bit dead time counter x 3
Registers Timer Rn counter read register (TRNCNT)

Timer Rn sub-counter read register (TRnSBC)

Timer Rn dead time setting registers 0, 1 (TRnDTCO, TRnDTC1)
Timer Rn capture/compare registers 0 to 3 (TRnCCR0O-TRnCCRS3)
Timer Rn compare registers 4, 5 (TRNCCR4, TRnCCR5)
TRnCCRO to TRNCCRS5 buffer registers

TRnDTCO, TRNnDTC1 buffer registers

Timer input pins

3 (TIR10 to TIR13, TTRGR1, TEVTR1, ESOn)Note

Timer output pins

8 (TORNO to TORn7)Note

Timer input signal

Timer output signal

TRnADTRGO, TRNADTRG1

Control registers

Timer Rn control registers 0, 1 (TRNCTLO, TRNCTL1)
Timer Rn 1/O control registers 0 to 4 (TRnIOCO to TRnIOC4)
Timer Rn option registers 0 to 3, 6, 7 (TRNOPTO to TRNOPT3, TRNOPT6, TRNOPT7)

Interrupt requests

Compare match interrupts (INTTRnCCO to INTTRnCC5)
Peak interrupt (INTTRnCD)

Valley interrupt (INTTRnOD)

Overflow interrupt (INTTRnOV)

Error interrupt (INTTRnER)

Note: Alternate-function pins

Remark:
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Figure 10-1: Timer Rn Block Diagram

S Internal bus S

N
v/
N
v/

TRnSBC TRnCNT
= TRnSUF

load
Counter " I— TRNCUF|
control ——l lJL 16-bit TMRn sub-counter K: —
Ee3 ns — —O ToRno
CCRO buffer] 1F ——O TORn1
TRnSUF T L ——O TORn2
[ccr buiter] [ TAnDTCT | L] O TORN3
[ccra butter] TRNDTCO O ToRn4
D | Output
[ccra butte] ; =1 contrel O TORn5
fxx/2 9 ‘,,E:‘Ro_ Y/ & ——O TORn6
fxx/4 | TRnDTC1 dead time —O TORn7
fxx/8 — control
fxx/16
frx/32 = [ = INTTRRER
fxx/64 ] .
fxx/256 s s sl s sl = 1 !
fxx/1024 Counter 1 ‘ bl
control 4" 16-bit TMRn counter I
!
TEVTR1™*Q ﬁ L] TRNADTRGO
TTRGR1 " O—] CCR4 || CCR5 L TRnADTRG1
5 iy buffer buffer ADTRG
TR10™"O—=| § —-| TRNCCRO } HF—HFHF3T T control
[ s <
Note ©°
TR O— o —] TRnccrt | H —
Note & 7 = INTTRNO V
TIR12™ Q— ] tRnccrz J| H INTTRNCCO
Note r = INTTRnCC1
TIR13"° Q=] ——={ TRnccRs i INTTRNCG2
L — INTTRNCC3
[ tRnccRs | INTTRNCC4
— INTTRnCC5
TRNCCRS | INTTRNOD
LITI L .~ INTTRCD

S Internal bus S

Note: Timer inputs are only available in TMR1 (n = 1). The TIR10 to TIR13 capture inputs are shared
with TOR11 to TOR14. External trigger input TTRGR1 is shared with TIR10 output, and
external event input TEVTR1 is shared with TIR17 output.

Remarks: 1. n=0, 1

2. fyx: Internal system clock
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(1) TMRn capture/compare register 0 (TRNCCRO)

The TRnCCRO register is a 16-bit register provided with a capture function and a compare
function. In the case of the free-running mode only, bit TRNCCSO0 of the TRNOPTO register is used
to select use of the register as a capture register or as a compare register.

In the pulse width measurement mode, this register can be used as a capture-only register. (The
register cannot be used as a compare register.)

In modes other than the free-running mode and the pulse width measurement mode, the register
is used as a compare-only register.

This register can be read and written in 16-bit units.

RESET input clears this register to 0000H.

Remarks: 1. In the high-accuracy T-PWM mode, writing to bit 0 of the TRNnCCRO register is ignored.
Moreover, bit 0 is read as 0.

2. n=0,1

Figure 10-2: TMRn Capture/Compare Register 0 (TRnCCRO)

After reset: 0000H R/W Address: TROCCRO FFFFF598H,
TR1CCRO FFFFF5D8H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mcoro | [ [ | [ [ ] [ [ | [ [ | [ [ | |

(a) Use as compare register

When TRnCE = 1, the TRnCCRO register write access method is as follows.

Timer Rn Operation Mode TRnCCRO Register Write Access Mode

PWM mode, external trigger pulse output mode, triangular | Reload
wave PWM mode, PWM mode with dead time

Free-running mode, external event count mode, one-shot | Anytime rewrite
pulse mode, interval timer mode

High-accuracy T-PWM mode Reload/anytime rewrite switchable

Remarks: 1. For details about the compare register rewrite operation, refer to
10.4.2 Compare register rewrite operation.

2. n=0,1

Caution: To set the carrier frequency in the high-accuracy T-PWM mode, set the TRnCCRO reg-
ister as follows.

Number of count clocks of carrier frequency + TRnDTCO register value + TRhnDTC1
register value.

For details about the carrier wave and dead time settings, refer to 10.10.9 (4) Counter
operation in high-accuracy T-PWM mode.

(b) Use as capture register

The counter value is saved to the TR1CCRO register upon detection of the edge of the capture
trigger (TIR10) input.

Remark: The capture function is provided only for TMR1.
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(2) TMRn capture/compare register 1 (TRnCCR1)

The TRnCCR1 register is a 16-bit register that functions both as a capture register and a compare
register.

When a compare register is rewritten in the reload mode, the reload request flag (TRnRSF)
becomes 1 when write access is performed to the TRNnCCR1 register, and all the registers are
rewritten at the same time at the next reload timing.

In the free-running mode only, the TRNCCS1 bit of the TRNOPTO register is used to select whether
to use the TRNCCR1 register as a capture register or as a compare register.

In the pulse width measurement mode, the TRNnCCR1 register can be used as a dedicated capture
register. (The register cannot be used as a compare register.)

In modes other than the free-running mode and the pulse width measurement mode, all
TRnCCRH1 registers function as dedicated compare registers.

This register can be read and written in 16-bit units.

RESET input clears this register to 0000H.

Remarks: 1. In the high-accuracy T-PWM mode, when bit O is set to 1, the additional pulse control
function is engaged. (For details about the additional pulse control function, refer to
10.10.9 (6) Additional pulse control in high-accuracy T-PWM mode.)

2. n=0,1

Figure 10-3: TMRn Capture/Compare Register 1 (TRNnCCR1)

After reset: 0000H R/W Address: TROCCR1 FFFFF59EH,
TR1CCR1 FFFFF5DEH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mcort | [ [ | [ [ | [ [ | [ [ [ [ [ | |

(a) Use as compare register

When TRnCE = 1, the TRNnCCR1 register write access method is as follows.

Timer Rn Operation Mode TRnCCR1 Register Write Access Mode

PWM mode, external trigger pulse output mode, triangular | Reload
wave PWM mode, PWM mode with dead time

Free-running mode, external event count mode, one-shot | Anytime rewrite
pulse mode, interval timer mode

High-accuracy T-PWM mode Reload/anytime rewrite switchable

Remarks: 1. For details about the compare register rewrite operation, refer to
10.4.2 Compare register rewrite operation.

2. n=0,1
(b) Use as capture register

The counter value is saved to the TR1CCR1 register upon detection of the edge of the capture
trigger (TIR11) input.

Remark: The capture function is provided only for TMR1.
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(3) TMRn capture/compare register 2 (TRNCCR2)

The TRnCCR2 register is a 16-bit register that functions both as a capture register and compare
register.

In the free-running mode only, bit TRNCCS2 of the TRNOPTO register is used to select whether to
use the TRNCCR2 register as a capture register or a compare register.

In the pulse width measurement mode, the TRNCCR2 register can be used as a dedicated capture
register. (The register cannot be used as a compare register.)

In modes other than the free-running mode and the pulse width measurement mode, all
TRnCCR2 registers function as dedicated compare registers.

This register can be read and written in 16-bit units.

RESET input clears this register to 0000H.

Remarks: 1. In the high-accuracy T-PWM mode, when bit 0 is set to “1”, the additional pulse control
function is engaged. (For details about the additional pulse control function, refer to
10.10.9 (6) Additional pulse control in high-accuracy T-PWM mode.)

2. n=0,1

Figure 10-4: TMRn Capture/Compare Register 2 (TRnCCR2)

After reset: 0000H R/W Address: TROCCR2 FFFFF59CH,
TR1CCR2 FFFFF5DCH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mcorz | [ | | [ [ | [ [ | [ [ | [ [ [ |

(a) Use as compare register

When TRnCE = 1, the TRNnCCR2 register write access method is as follows.

Timer Rn Operation Mode TRnCCR2 Register Write Access Mode

PWM mode, external trigger pulse output mode, triangular | Reload
wave PWM mode, PWM mode with dead time

Free-running mode, external event count mode, one-shot | Anytime rewrite
pulse mode, interval timer mode

High-accuracy T-PWM mode Reload /anytime rewrite switchable

Remarks: 1. For details about the compare register rewrite operation, refer to
10.4.2 Compare register rewrite operation.

2. n=0,1

(b) Use as capture register

The counter value is saved to the TRNCCR2 register upon detection of the edge of the capture
trigger (TIR12) input.

Remark: The capture function is provided only for TMR1.
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(4) TMRn capture/compare register 3 (TRNCCR3)

the TRNCCRS3 register is a 16-bit register that functions both as a capture register and a compare
register.

In the free-running mode only, bit TRNCCS3 of the TRNOPTO register is used to select whether to
use the TRNCCRS3 register as a capture register or a compare register.

In the pulse width measurement mode, the TRNnCCR3 register can be used as a dedicated capture
register. (The register cannot be used as a compare register.)

In modes other than the free-running mode and the pulse width measurement mode, all
TRnCCRS registers function as dedicated compare registers.

This register can be read and written in 16-bit units.

RESET input clears this register to 0000H.

Remarks: 1. In the high-accuracy T-PWM mode, when bit 0 is set to “1”, the additional pulse control
function is engaged. (For details about the additional pulse control function, refer to
10.10.9 (6) Additional pulse control in high-accuracy T-PWM mode.)

2. n=0,1

Figure 10-5: TMRn Capture/Compare Register 3 (TRNnCCR3)

After reset: 0000H R/W Address: TROCCR3 FFFFF59AH,
TR1CCR3 FFFFF5DAH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mcors | [ [ | [ [ | [ [ | [ [ [ [ [ | |

(a) Use as compare register

When TRnCE = 1, the TRNnCCRS register write access method is as follows.

Timer Rn Operation Mode TRnCCRS3 Register Write Access Mode

PWM mode, external trigger pulse output mode, triangular | Reload
wave PWM mode, PWM mode with dead time

Free-running mode, external event count mode, one-shot | Anytime rewrite
pulse mode, interval timer mode

High-accuracy T-PWM mode Reload/anytime rewrite switchable

Remarks: 1. For details about the compare register rewrite operation, refer to
10.4.2 Compare register rewrite operation.

2. n=0,1

(b) Use as capture register

The counter value is saved to the TR1CCRS3 register upon detection of the edge of the capture
trigger (TIR13) input.

Remark: The capture function is provided only for TMR1.
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(5) TMRn compare register 4 (TRnCCR4)

The TRnCCRA4 register is a 16-bit register that functions as a compare function.

In the high-accuracy T-PWM mode and the PWM mode with dead time, the interrupt for matches
between the counter and the TRNCCR4 register can be selected as the timing for A/D conversion
trigger input.

This register can be read and written in 16-bit units.

RESET input clears this register to 0000H.

Remarks: 1. In the high-accuracy T-PWM mode, bit O of the TRNCCR4 register is ignored.
2. n=0,1

Figure 10-6: TMRn Compare Register 4 (TRNCCR4)

After reset: 0000H R/W Address: TROCCR4 FFFFF592H,
TR1CCR4 FFFFF5D2H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mcora | [ | | [ [ | [ [ | [ [ | [ [ [ |

When TRnCE = 1, the TRNCCRA4 register write access method is as follows.

Timer Rn Operation Mode TRnCCR4 Register Write Access Mode

PWM mode, external trigger pulse output mode, triangular | Reload
wave PWM mode, PWM mode with dead time

Free-running mode, external event count mode, one-shot | Anytime rewrite
pulse mode, interval timer mode

High-accuracy T-PWM mode Reload/anytime rewrite switchable

Remarks: 1. For details about the compare register rewrite operation, refer to
10.4.2 Compare register rewrite operation.

2. n=0,1
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(6) TMRn compare register 5 (TRNCCR5)

The TRnCCRS register is a 16-bit compare register.

In the high-accuracy T-PWM mode and the PWM mode with dead time, the interrupt for matches
between the counter and the TRNnCCRS5 register can be selected as the timing for A/D conversion
trigger input.

This register can be read and written in 16-bit units.

RESET input clears this register to 0000H.

Remarks: 1. In the high-accuracy T-PWM mode, bit O of the TRNCCRS5 register is ignored
2. n=0,1

Figure 10-7: TMRn Compare Register 5 (TRnCCR5)

After reset: 0000H R/W Address: TROCCR3 FFFFF590H,
TR1CCR3 FFFFF5DOH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mcors | [ [ | [ [ | [ [ | [ [ [ [ [ | |

When TRnCE = 1, the TRNnCCR?5 register write access method is as follows.

Timer Rn Operation Mode TRNnCCR5 Register Write Access Mode

PWM mode, external trigger pulse output mode, triangular | Reload
wave PWM mode, PWM mode with dead time

Free-running mode, external event count mode, one-shot | Anytime rewrite
pulse mode, interval timer mode

High-accuracy T-PWM mode Reload/anytime rewrite switchable

Remarks: 1. For details about the compare register rewrite operation, refer to
10.4.2 Compare register rewrite operation.

2. n=0,1
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(7) TMRn counter read register (TRNCNT)

The TRnCNT register is a timer read register that can read the values of the 16-bit counter.

This register can only be read in 16-bit units.

RESET input or setting TRnCE = 0 clears this register to 0000H.

During the interval from when CE = 1 until count up, the value of the TRNCNT register is FFFFH.

Figure 10-8: TMRn Counter Read Register (TRNCNT)

After reset: 0000H R Address: TROCNT FFFFF5A4H,
TR1CNT FFFFF5E4H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LA L I N N I A N B N D

Note: In the high-accuracy T-PWM mode, bit 0 is read as “0”.

Remark: n=0,1

(8) TMRn sub-counter read register (TRnSBC)

The TRnSBC register can read the value of the 16-bit counter.
This register can only be read in 16-bit units.
RESET input or setting TRnCE = 0 clears this register to 0000H.

Remarks: 1. In the high-accuracy T-PWM mode, this register can be used only in the PWM mode
with dead time.

2. n=0,1

Figure 10-9: TMRn Sub-Counter Read Register (TRhSBC)

After reset: 0000H R Address: TROSBC FFFFF5A6H,
TR1SBC FFFFF5E6H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mosec | | | [ | [ [ [ [ [ ] [ ] [ ] [we]

Note: In the high-accuracy T-PWM mode, bit 0 is read as 0.
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(9) TMRn dead time setting register 0 (TRNDTCO)

The TRnDTCO register is a 10-bit register that specifies the dead time value.

This register can be read and written in 16-bit units.

RESET input clears this register to 0000H.

The dead time counter operates in the high-accuracy T-PWM mode and the PWM mode with dead
time. In all other modes, be sure to set the TRNDTCO register to 0000H.

Cautions: 1. When TRnCE = 1, do not rewrite TRNDTCO with a different value.
2. When the TRnDTCO register is set to 0000H, dead time is not inserted.
3. Bits 0 and 10 to 15 are fixed to 0.

Remark: n=0,1

Figure 10-10: TMRn Dead Time Setting Register 0 (TRnDTCO)

After reset: 0000H R/W Address: TRODTCO FFFFF5A0H,
TR1DTCO FFFFF5EOH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
motco JoJofofJoJoJof | | [ [ | [ [ | [o]

(10) TMRn dead time setting register 1 (TRnDTC1)

The TRnDTCH1 register is a 10-bit register that specifies the dead time value.

This register can be read and written in 16-bit units.

Reset input clears this register to 0000H.

The dead time counter operates in the high-accuracy T-PWM mode and the PWM mode with dead
time. In all other modes, be sure to set the TRNnDTC1 register to 0000H.

Cautions: 1. When TRnCE = 1, do not rewrite TRNnDTC1 with a different value.
2. When the TRnDTC1 register is set to 0000H, dead time is not inserted.
3. Bits 0 and 10 to 15 are fixed to 0.

Remark: n=0,1

Figure 10-11: TMRn Dead Time Setting Register 1 (TRhDTC1)

After reset:  0000H R/W Address: TRODTC1 FFFFF5A2H,
TRIDTC1 FFFFF5E2H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRRDTC1 [0 [ oo oo ] o] | | o]
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10.3 Control Registers

(1) TMRn control register 0 (TRNCTLO)

The TRnCTLO register is an 8-bit register that controls the operation of timer Rn.
This register can be read and written in 8-bit or 1-bit units.
RESET input changes the value of this register to initial setting 00H.

Caution: When TRnCE = 1, do not rewrite bits other than bit TRNCE of the TRnCTLO register.

Figure 10-12: TMRn Control Register 0 (TRNnCTLO) (1/2)

After reset: OO0H R/W Address: TROCTLO FFFFF580H,
TR1CTLO FFFFF5COH
7 6 5 4 3 2 1 0
TRnCTLO | TRnCE 0 0 0 0 TRnCKS2| TRnCKS1|TRnCKSO
(n=0,1)
TRnCE Timer Rn Operation Control
0 Internal operating clock operation disabled (Reset timer Rn asynchronously)
1 Internal operating clock operation enabled

When bit TRnCE is set to “0”, the internal operation clock of timer Rn stops (fixed to low
level), and timer Rn is set asynchronously.
When bit TRnCE is set to “1”, the internal operation of timer Rn is enabled from when bit
TRNCE was set to “1” and count-up is performed. The time until count-up is as listed in
Table 10-2, “TMRn Count Clock and Count Delay,” on page 311.
Remark: By setting TRnCE = 0 following functions of timer Rn are reset.
* Internal registers and internal latch circuits other than registers that can be
written to/from the CPU
¢ TRnOVF flag and flags in TRNOPT6 register
¢ Counter, sub-counter, dead time counter, counter read register, sub-counter
read register
e TRnCCRO to TRNnCCR5 buffer registers, TRNnDTCO buffer register, and
TRnDTC1 buffer register
e Timer output (inactive level output)

Remark: n=0,1
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Figure 10-12: TMRn Control Register 0 (TRnCTLO) (2/2)

TRnCKS2 | TRnCKS1 | TRnCKSO0 Internal Count Clock Selection of Timer Rn
0 0 0 fyx/2
0 0 1 fx/4
0 1 0 fxx/8
0 1 1 fxx/16
1 0 0 fyx/32
1 0 1 fyx/64
1 1 0 fyxx/256
1 1 1 fyx/1024
Caution: Set bits TRNnCKS2 to TRNCKS0 when TRnCE = 0.
When bit TRnCE is set from 0 to 1, bits TRNnCKS2 to TRnCKSO0 can be
simultaneously set.
Remark: fyy: System clock

Remark: n=0,1

Table 10-2: TMRn Count Clock and Count Delay

Count TTnCKS2 | TTnCKS1 TTnCKSO Count Delay
Clocks Minimum Maximum
fxx/2 0 0 0 3 base clocks 4 base clocks
fyx/4 0 0 1
fxx/8 0 1 0
fyx/16 0 1 1 4 base clocks 5 base clocks
fxx/32 1 0 0 1 cour:t clock
fyx/64 1 0 1
fxx/256 1 1 0
fxx/1024 1 1 1

Remarks: 1. fyy: System clock
2. fryvgn: Base clock of timer Rn (fryrn = fxx/2)
3. n=0,1
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(2) TMRn control register 1 (TRNCTL1)
The TRnCTL1 register is an 8-bit register that controls the operation of timer Rn.
This register can be read and written in 8-bit or 1-bit units.
RESET input changes the value of this register to initial setting 00H.

Cautions: 1. In the one-shot pulse mode and external trigger pulse output mode, write access
using “1”, the same value as that of bit TRnEST, functions as one trigger.

2. Set bits TRnEEE and TRhMD2 to TRNMDO when TRnCE = 0. (The same value as
when TRnCE = 1 can be written). Do not perform rewrite when TRnCE = 1.

Figure 10-13: TMRn Control Register 1 (TRnCTL1) (1/2)

After reset: 00H R/W Address: TROCTL1 FFFFF581H,
TR1CTL1 FFFFF5C1H
7 6 5 4 3 2 1 0
TRnCTLA1 | 0 TRnEST | TRnEEE 0 TRnMD3 | TRnMD2 | TRnMD1 | TRnMDO
(n=0,1)
TRnEST Software Trigger Control
0 No operation
1 Enables software trigger control

* In one-shot pulse mode: One-shot pulse software trigger
¢ In external trigger pulse output mode: Pulse output software trigger

e The TRnEST bit functions as a software trigger in the one-shot pulse mode and the
external trigger pulse output mode, if it is set to 1 when TRnCE = 1. Always write
TRnEST =1 when TRnCE = 1.

e The read value of the TRnEST bit is always 0.

TRnEEE Count Clock Specification

0 Use the internal clock (selected with bits TRNCKS2 to TRnCKSO0 of the
TRnCTLO register)

1 Use external clock input (TEVTR1 pin input edge)Note

e When TR1EEE = 1 (external clock input TEVTR1), the valid edge is specified by bits
TR1EES1 and TR1EESO of the TRnlIOC2 register.

Note: External clock input pin is not available for TMRO (n = 0).

Remark: n=0,1
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Figure 10-13: TMRn Control Register 1 (TRnCTL1) (2/2)

TRnMD3 | TRnMD2 | TRnMD1 | TRnMDO Timer Mode Selection
0 0 0 0 Interval timer mode
0 0 0 1 External event count mode Note 1
0 0 1 0 External trigger pulse output mode Note 2
0 0 1 1 One-shot pulse mode
0 1 0 0 PWM mode
0 1 0 1 Free-running mode
0 1 1 0 Pulse width measurement mode Note 1
0 1 1 1 Triangular wave PWM mode
1 0 0 0 High accuracy T-PWM mode
1 0 0 1 PWM mode with dead time
Other than above Setting prohibited
Notes: 1. Setting prohibited for TMRO.
2. For TMRO an output pulse can be triggered only by software trigger
(TROEST = 1).

n=0,1
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(3) TMRn /O control register 0 (TRNIOCO0)

The TRnIOCO register is an 8-bit register that controls the timer output (pins TORn0 to TORN3).
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Caution: If the dead time cannot be secured or if spikes (noise) may occur on the output pin,
set the TRnlOCO register when TRnCE = 0. When TRnCE = 1, the TRnlOCO register
can be write accessed using the same value.

Figure 10-14: TMRn I/O Control Register 0 (TRnlOCO)

After reset: 00H R/W Address: TROIOCO FFFFF582H,
TR110C0 FFFFF5C2H
7 6 5 4 3 2 1 0

TRnIOCO |TRnOL3 TRNOE3 | TRNOL2 | TRNOE2 | TRNnOL1 | TRNOE1 | TRNnOLO | TRNnOEO
(n=0,1)

TRnOLm Timer Output Level Setting of TORnm Pin
0 Active level = High level
1 Active level = Low level
TRnOEm Timer Output Control (TORnm pin)
0 Disable timer output (inactive level is output)
1 Enable timer output

Remark: n=0,1
m=0to 3
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(4) TMR1 I/O control register 1 (TR110C1)
The TR110C1 register is an 8-bit register that controls the valid edge of external signal inputs (pins
TIR10 to TIR13).
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Cautions: 1. Set the TR1I0C1 register when TR1CE = 0. When TR1CE = 1, write access to the
TR110C1 register can be performed using the same value.

2. The TR1IOC1 register is valid only in the free-running mode and the pulse width
measurement mode. In all other modes, capture operation is not performed.

Figure 10-15: TMR1 I/O Control Register 1 (TR1I0C1)

After reset: 00H R/W Address: FFFFF5C3H
7 6 5 4 3 2 1 0
TR110C1 TR1IS7 | TR1I1S6 | TR1IS5 | TR1I1S4 | TR1IS3 | TR1I1S2 | TR1IS1 TR11S0

TR1IS7 | TR11S6 Capture Input (TIR13) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection
TR1IS5 | TR1IS4 Capture Input (TIR12) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection
TR1IS3 | TR1IS2 Capture Input (TIR11) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection
TR1IS1 | TR1ISO Capture Input (TIR10) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

User’s Manual U16580EE2V0OUDOO 315



Chapter 10 16-bit Inverter Timer/Counter R

(5) TMR1 I/O control register 2 (TR110C2)

The TR110C2 register is an 8-bit register that controls the valid edge of external event count input
(pin TEVTR1) and external trigger input (pin TTRGR1).

This register can be read and written in 8-bit or 1-bit units.

RESET input clears this register to 00H.

Caution: Set the TR1I0C2 register when TR1CE = 0. When TR1CE = 1, write access to the
TR110C2 register can be performed using the same value.

Figure 10-16: TMR1 I/O Control Register 2 (TR110C2)

After reset: 00H R/W Address: FFFFF5C4H
7 6 5 4 3 2 1 0
TR110C2 0 0 0 0 TR1EES1|TR1EESO|TR1ETS1 | TR1ETSO

TR1EES1 | TR1EESO External Event Counter Input (TEVTR1) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Remark: Bits TR1EES1 and TR1EESO are valid only when TR1CTL1 register bit
TR1EEE = 1, or when the external event count mode (TR1CTL1 register bits
TR1MDS3 to TR1MDO = 0001B) is set.

TR1ETS1 | TR1ETSO External Trigger Input (TTRGR1) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Remark: Bits TR1ETS1 and TR1ETSO are valid only when the external trigger pulse
output mode or one-shot pulse mode (TR1CTL1 register bits TR1IMD3 to
TR1MDO = 0010B or 0011B) is set.
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(6) TMRn I/O control register 3 (TRNIOC3)
The TRnlOC3 register is an 8-bit register that controls timer output (pins TORn4 to TORN7).
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Caution: If the dead time cannot be secured or if spikes (noise) may occur on the output pin,
set the TRnIOC3 register when TRnCE = 0. When TRnCE = 1, the TRnlOCO register

can be write accessed using the same value.

Figure 10-17: TMRn I/O Control Register 3 (TRnlOC3)

After reset: 00H R/W Address: TROIOC3 FFFFF585H,
TR1I0C3 FFFFF5C5H
7 6 5 4 3 2 1 0

TRnIOC3 |TRnOL7 TRNOE7 | TRNOL6 | TRNOE6 | TRNnOL5 | TRNOE5 | TRNnOL4 | TRNnOE4
(n=0,1)

TRnOLm Timer Output Level Setting of TORnm Pin
0 Active level = High level
1 Active level = Low level
TRnOEm Timer Output Control (TORnm pin)
0 Disable timer output (inactive level is output)
1 Enable timer output

Remark: n=0,1
m=4to7
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(7) TMRn /O control register 4 (TRNIOC4)

The TRnlOCA4 register is an 8-bit register that controls timer output error detection.
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Caution: Set the TRnlOC4 register when TRnCE = 0. When TRnCE = 1, write access to the
TRnIOC4 register can be performed using the same value.

Figure 10-18: TMRn I/O Control Register 4 (TRnlOC4)

After reset: 00H R/W Address: TROIOC3 FFFFF586H,
TR1I0C3 FFFFF5C6H
7 6 5 4 3 2 1 0
TRnIOC4 | 0 TRnTBA2 | TRnTBA1 | TRNnTBAO 0 0 0 TRnEOC
(n=0,1)
TRnTBA2 Timer Outputs (TORN5/TORN6) True Bar Active Detection Control
0 No detection of simultaneous active state of pins TORn5 and TORn6
1 Detection of simultaneous active state of pins TORn5 and TORn6

Remark: If simultaneous active state is detected when TRnTBA2 = 1, the TRnTBF flag
is set (1), and an error interrupt (INTTRnER) is output.

TRnTBA1 Timer Outputs (TORn3/TORN4) True Bar Active Detection Control
0 No detection of simultaneous active state of pins TORn3 and TORn4
1 Detection of simultaneous active state of pins TORn3 and TORn4

Remark: If simultaneous active state is detected when TRnTBA1 = 1, the TRnTBF flag
is set (1), and an error interrupt (INTTRNnER) is output.

TRnTBAO Timer Outputs (TORn1/TORN2) True Bar Active Detection Control
0 No detection of simultaneous active state of pins TORn1 and TORn2
1 Detection of simultaneous active state of pins TORn1 and TORNn2

Remark: If simultaneous active state is detected when TRnTBAO = 1, the TRnTBF flag
is set (1), and an error interrupt (INTTRnER) is output.

TRnEOC Error Interrupt Output Control
0 Disable output of error interrupt (INTTRnER)
1 Enable output of error interrupt (INTTRnER)

Remark: For details about error interrupt control, refer to 10.9  Error Interrupts.

Remark: n=0,1
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(8) TMRn option register 0 (TRNOPTO)

The TRnOPTO register is an 8-bit register that sets the capture/compare operation and detects
overflow.

This register can be read and written in 8-bit or 1-bit units.

RESET input clears this register to 00H.

Caution: When TR1CE = 1, do not rewrite bits TR1CCS3 to TR1CCSO0.

Figure 10-19: TMRn Option Register 0 (TRnNOPTO0) (1/2)

After reset: 00H R/W Address: FFFFF587H
7 6 5 4 3 2 1 0
TROOPTO 0 0 0 0 0 TROCMS | TROCUF | TROOVF
After reset: 00H R/W Address: FFFFF5C7H
7 6 5 4 3 2 1 0

TR1OPTO |TR1CCS3|TR1CCS2|TR1CCS1|TR1CCS0O 0 TR1CMS | TR1CUF | TR10OVF

TR1CCS3 TR1CCRS register capture/compare selection
0 Select compare register
1 Select capture register
Remark: Bit TR1CCS3 is only valid in the free-running mode. In all other modes, this bit
is invalid.
TR1CCS2 TR1CCR2 register capture/compare selection
0 Select compare register
1 Select capture register
Remark: Bit TR1CCS2 is only valid in the free-running mode. In all other modes, this bit
is invalid.
TR1CCSH TR1CCR1 register capture/compare selection
0 Select compare register
1 Select capture register
Remark: Bit TR1CCS1 is only valid in the free-running mode. In all other modes, this bit
is invalid.
TR1CCSO0 TRNCCRO register capture/compare selection
0 Select compare register
1 Select capture register

Remark: Bit TR1CCSO is only valid in the free-running mode. In all other modes, this bit
is invalid.

Remark: n=0,1
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Remark:
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Figure 10-19: TMRn Option Register 0 (TRNOPTO0) (2/2)

TRnCMS

Compare Register Transfer Timing Mode Selection

0

Reload mode (batch rewrite):

When the TRNCCR1 register is written to, all the registers are updated at the
next reload timing (reload). Even if registers other than the TRnCCR1 register
are written, reload is not executed.

Anytime rewrite mode:

Each register is updated independently, and when write access is performed to
a compare register, the register is updated to the value used during anytime
write access.

Several clocks are required until the value is transferred to the register
following write. (Refer to 10.4.2 (1) Anytime rewrite.)

Remark:

The TRnCMS bit is valid only in the high-accuracy T-PWM mode, In all other
modes it is invalid and has to be cleared (TRNnCMS = 0).

TRnCUF

Timer R Counter Up/Down Detection Flag

0

The timer counter is in up count state.

1

The timer counter is in down count state.

Remark:

The TRnCUF bit is valid only in the high-accuracy T-PWM mode and triangular
wave PWM mode. In all other modes, it is invalid (TRnCUF = 0).

TRnOVF

Timer R Overflow Detection Flag

0

No overflow occurrence (after bit was cleared)

1

Overflow occurrence

Remarks:

Cautions:

1. The TRnOVF bit is set (1) when the 16-bit counter value overflows from
FFFFH to 0000H.

2. The TRnOVF bit is cleared (0) when either 0 is written to it, or TRNCE =0 is
set.

3. When TRnOVF bit is set (1), an overflow interrupt (INTTRnOV) is
simultaneously output.

1. Overflow can only occur in the free-running mode and the T-PWM
mode. If, in the high-accuracy T-PWM mode, the set conditions for the
TRnDTCO and TRnDTC1 registers are incorrect, the TRNOVF bit may
be set (1).

2. When TRnOVF = 1, even if the TRNOVF bit and the TRNnOPTO register
are read, the TRnOVF bit is not cleared.

3. The TRnOVF bit can be read and written, but even if “1” is written to
TRnOVF bit from the CPU, this is ignored.

n=0,1
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(9) TMRn option register 1 (TRNOPT1)

The TRnOPT1 register is an 8-bit register used to enable/disable peak/valley interrupts and set
interrupt thinning out.

This register can be read and written in 16-bit or 8-bit units.

RESET input clears this register to 00H.

Cautions: 1. The TRnOPT1 register write method is as follows.
* In high-accuracy T-PWM mode: Anytime write, or reload write
* In mode other than high-accuracy T-PWM mode: Reload write
2. Do not set TRnICE = 0 and TRnIOE = 0.

Since reload does not occur when TRnICE, TRnIOE = 00, the TRNnOPT1 register,
which is a reload write register, stops being updated.

Figure 10-20: TMRn Option Register 1 (TRNOPT1) (1/2)

After reset: 00H R/W Address: TROOPT1 FFFFF58EH
TR10OPT1 FFFFF5CEH
7 6 5 4 3 2 1 0

TRNOPT1 |TRnICE TRnIOE | TRNRDE | TRnID4 | TRnID3 | TRnID2 | TRnID1 | TRnIDO
(n=0,1)

TRnICE Peak Interrupts (INTTRnCD) Control

0 Disable peak interrupt (INTTRnCD) output in the counter’s peak timing
Interrupt thinning out is not performed.
Reload operation is disabled in the counter’s peak timing.

1 Enable peak interrupt (INTTRNCD) in the counter’s peak timing
Interrupt thinning out is performed.
Reload operation is enabled in the counter’s peak timing.

Remark: Bit TRnICE is valid only in the PWM mode, high-accuracy T-PWM mode, and
PWM mode with dead time.

TRnIOE Valley Interrupt (INTTRnOD) Control

0 Disable valley interrupt (INTTRnOD) output in the counter’s valley timing
Reload operation is disabled in the counter’s valley timing.

1 Enable valley interrupt (INTTRnOD) output in the counter’s valley timing
Reload operation is enabled in the counter’s valley timing.

Remark: Bit TRnIOE is valid only in the high-accuracy T-PWM mode and triangular
wave PWM mode.

Remark: n=0,1
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Remark:
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Figure 10-20: TMRn Option Register 1 (TRNOPT1) (2/2)

TRnRDE Reload Timing Thinning Out control
0 Don’t perform reload thinning out
Reload timing occurs at each peak/valley.
1 Perform reload thinning out
Reload timing occurs at the same interval as interrupt thinning out.
Remark: Bit TRnRDE is valid only in the PWM mode, high-accuracy T-PWM mode,
triangular wave PWM output mode, and PWM mode with dead time.
TRnID4 | TRnID3 | TRnID2 | TRnID1 | TRnIDO Interrupt Thinning Out Rate
0 0 0 0 0 No thinning out
0 0 0 0 1 1/2
0 0 0 1 0 1/3
0 0 0 1 1 1/4
1 1 1 0 1 1/30
1 1 1 1 0 1/31
1 1 1 1 1 1/32
Caution: If, when TRnCE = 1, the TRnOPT1 register is write accessed (including
same value to bits TRnID4 to TRnIDO0), the interrupt thinning out counter is
cleared.
Remark: Bits TRnIDO to TRnID4 are valid only in the PWM mode, high-accuracy T-PWM
mode, triangular wave PWM mode, and PWM mode with dead time.
n=0,1
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(10) TMRn option register 2 (TRNOPT2)
The TRnOPT2 register is an 8-bit register that controls A/D conversion trigger output
(TRNnADTRGO signal).
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Caution: The settings of the TRNCCR5 and TRnCCR4 registers have an influence on the PWM
output of pins TORn5 and TORn4 at the same time as the TRNADTRGO signal output.
Therefore, if setting bits TRnAT05 to TRnAT02, it is recommended to set the
TRnOPT3 register as follows.
¢ In the triangular wave PWM mode, when setting TRnAT05 = 1, set TRnOES5 = 0.

¢ In the PWM mode and triangular wave PWM mode, when setting TRnAT04 = 1, set
TRnOES5 = 0.

¢ In the triangular wave PWM mode, when setting TRnAT03 = 1, set TRnOE4 =0

¢ In the PWM mode and the triangular wave PWM mode, when setting TRnAT02 =1,
set TRNOE4 = 0.

Figure 10-21: TMRn Option Register 2 (TRhOPT2) (1/2)

After reset: 00H R/W Address: TROOPT2 FFFFF588H
TR10OPT2 FFFFF5C8H
6 5 4 3 2 1 0
TRnOPT2 | 0 0 TRNATO05 | TRnAT04 | TRNATO03 | TRNAT02 | TRNnATO1 | TRnAT00

(n=0,1)

TRnATO5 | TRnAT04 A/D Converter Trigger Signal (TRNnADTRGO) Generation with
Occurrence of Compare Match Interrupt (INTTRNnCCR5)

0 No trigger signal is generated when INTTRnCCRS5 occurs.

1 Trigger signal is generated, when INTTRNnCCRS occurs and TMRn
is counting up.

1 0 Trigger signal is generated, when INTTRNnCCRS occurs and TMRn
is counting down.

1 1 Trigger signal is generated, when INTTRnCCRS5 occurs in any
state (TMRn is counting up or down)

Cautions: 1. Bit TRnAT05 can be set to 1 only in the triangular wave PWM mode
and high-accuracy T-PWM mode. In all other modes, be sure to set
this bit to 0.

2. Bit TRnAT04 can be set to 1 only in the PWM mode, triangular wave
PWM mode, high-accuracy T-PWM mode, and PWM mode with dead
time. In all other modes, be sure to set this bit to 0.

Remark: n=0,1
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Remark:
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Figure 10-21: TMRn Option Register 2 (TRNOPT2) (2/2)

TRNATO03

TRnAT02 A/D Converter Trigger Signal (TRNADTRGO) Generation with
Occurrence of Compare Match Interrupt (INTTRNCCR4)

0 No trigger signal is generated when INTTRnCCR4 occurs.

1 Trigger signal is generated, when INTTRNCCR4 occurs and TMRn
is counting up.

0 Trigger signal is generated, when INTTRNnCCR4 occurs and TMRn
is counting down.

1 Trigger signal is generated, when INTTRNnCCR4 occurs in any
state (TMRn is counting up or down)

Cautions:

1. Bit TRnATO03 can be set to 1 only in the triangular wave PWM mode
and high-accuracy T-PWM mode. In all other modes, be sure to set
this bit to 0.

2. Bit TRnATO02 can be set to 1 only in the PWM mode, high-accuracy
T-PWM mode, triangular wave PWM mode, and PWM mode with dead
time. In all other modes, be sure to set this bit to 0.

TRnATO1

A/D Converter Trigger Signal (TRNADTRGO) Generation with
Occurrence of Peak Interrupt (INTTRnCD)

No trigger signal is generated when peak interrupt (INTTRnCD) occurs.

Trigger signal is generated when peak interrupt (INTTRnCD) occurs after
thinning out.

Caution:

Remark:

Bit TRnATO01 can be set to 1 only in the PWM mode, high-accuracy
T-PWM mode, and PWM mode with dead time. In all other modes, be sure
to set this bit to 0.

When bit TRnATO1 is set (1) the trigger signal coincides with the peak interrupt
(INTTRnCD) controlled by the TRNOPT1 register (including thinning out).

TRnAT00

A/D Converter Trigger Signal (TRnADTRGO) Generation with
Occurrence of Valley Interrupt (INTTRnOD)

No trigger signal is generated when valley interrupt (INTTRnOD) occurs.

Trigger signal is generated when valley interrupt (INTTRnOD) occurs after
thinning out.

Caution:

Remark:

Bit TRNATO00 can be set to 1 only in the high-accuracy T-PWM mode and
triangular wave PWM mode. In all other modes, be sure to set this bit to 0.
When bit TRnATOO is set (1) the trigger signal coincides with the valley
interrupt (INTTRnOD) controlled by the TRNnOPT1 register (including thinning
out).

n=0,1
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(11) TMRn option register 3 (TRNOPT3)
The TRnOPTS3 register is an 8-bit register that controls A/D conversion trigger output (signal
TRnADTRGH1).
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Caution: The settings of the TRNCCR5 and TRnCCR4 registers have an influence on the PWM
outputs of pins TORn5, TORn4 at the same time as the TRNnADTRGO signal output.
Therefore, if setting bits TRnAT15 to TRnAT12, it is recommended to set the
TRnOPT3 register as follows.
¢ In the triangular wave PWM mode, when setting TRnAT15 = 1, set TRnOES5 = 0.

¢ In the PWM mode and triangular wave PWM mode, when setting TRnAT14 =1, set
TRnOES5 = 0.

¢ In the triangular wave PWM mode, when setting TRnAT13 = 1, set TRnOE4 =0

¢ Inthe PWM mode and the triangular wave PWM mode, when setting TRnAT12 =1,
set TRNOE4 = 0.

Figure 10-22: TMRn Option Register 3 (TRNOPT3) (1/2)

After reset: 00H R/W Address: TROOPT3 FFFFF589H
TR10OPT3 FFFFF5C9H
6 5 4 3 2 1 0
TRnOPT3 | 0 0 TRnAT15 | TRnAT14 | TRnAT13 | TRnAT12 | TRnAT11 | TRnAT10

(n=0,1)

TRnAT15 | TRnAT14 A/D Converter Trigger Signal (TRNADTRG1) Generation with
Occurrence of Compare Match Interrupt (INTTRNnCCR5)

0 No trigger signal is generated when INTTRnCCRS5 occurs.

1 Trigger signal is generated, when INTTRNnCCRS occurs and TMRn
is counting up.

1 0 Trigger signal is generated, when INTTRNnCCRS occurs and TMRn
is counting down.

1 1 Trigger signal is generated, when INTTRnCCRS5 occurs in any
state (TMRn is counting up or down)

Cautions: 1. Bit TRnAT15 can be set to 1 only in the triangular wave PWM mode
and high-accuracy T-PWM mode. In all other modes, be sure to set
this bit to 0.

2. Bit TRnAT14 can be set to 1 only in the PWM mode, triangular wave
PWM mode, high-accuracy T-PWM mode, and PWM mode with dead
time. In all other modes, be sure to set this bit to 0.

Remark: n=0,1
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Remark:
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Figure 10-22: TMRn Option Register 3 (TRNOPT3) Format (2/2)

TRNAT13

TRnAT12 A/D Converter Trigger Signal (TRNADTRG1) Generation with
Occurrence of Compare Match Interrupt (INTTRNCCR4)

0 No trigger signal is generated when INTTRnCCR4 occurs.

1 Trigger signal is generated, when INTTRNCCR4 occurs and TMRn
is counting up.

0 Trigger signal is generated, when INTTRNnCCR4 occurs and TMRn
is counting down.

1 Trigger signal is generated, when INTTRNnCCR4 occurs in any
state (TMRn is counting up or down)

Cautions:

1. Bit TRnAT13 can be set to 1 only in the triangular wave PWM mode
and high-accuracy T-PWM mode. In all other modes, be sure to set
this bit to 0.

2. Bit TRnAT12 can be set to 1 only in the PWM mode, high-accuracy
T-PWM mode, triangular wave PWM mode, and PWM mode with dead
time. In all other modes, be sure to set this bit to 0.

TRNAT11

A/D Converter Trigger Signal (TRNADTRG1) Generation with
Occurrence of Peak Interrupt (INTTRnCD)

No trigger signal is generated when peak interrupt (INTTRnCD) occurs.

Trigger signal is generated when peak interrupt (INTTRnCD) occurs after
thinning out.

Caution:

Remark:

Bit TRnAT11 can be set to 1 only in the PWM mode, high-accuracy
T-PWM mode, and PWM mode with dead time. In all other modes, be sure
to set this bit to 0.

When bit TRnAT11 is set (1) the trigger signal coincides with the peak interrupt
(INTTRnCD) controlled by the TRNOPT1 register (including thinning out).

TRnAT10

A/D Converter Trigger Signal (TRNADTRG1) Generation with
Occurrence of Valley Interrupt (INTTRnOD)

No trigger signal is generated when valley interrupt (INTTRnOD) occurs.

Trigger signal is generated when valley interrupt (INTTRnOD) occurs after
thinning out.

Caution:

Remark:

Bit TRNAT10 can be set to 1 only in the high-accuracy T-PWM mode and
triangular wave PWM mode. In all other modes, be sure to set this bit to 0.
When bit TRnAT10 is set (1) the trigger signal coincides with the valley
interrupt (INTTRnOD) controlled by the TRNnOPT1 register (including thinning
out).

n=0,1

User’'s Manual U16580EE2VOUDOO




Chapter 10 16-bit Inverter Timer/Counter R

(12) TMRn option register 6 (TRNOPT6)

The TRnOPTE® register is an 8-bit register that controls the various flags of timer Rn.
This register can be read and written in 8-bit or 1-bit units.

RESET input or setting TRNCE = 0 clears this register to 00H.

Remark:

For the functions of the various flags, refer to 10.6 Flags.

After reset: 00H

Figure 10-23: TMRn Option Register 6 (TRNnOPT6)

R/W Address: TROOPT6 FFFFF58CH
TR10OPT6 FFFFF5CCH

4 3 2 1 0
TRnOPT6 | 0 0 0 TRnTBF | TRNnSUF | TRNnRSF
(n=0,1)
TRnTBF True Bar Active Detection Flag
0 Normal phase and inverted phase are not simultaneously active.

Remark:

1

Normal phase and inverted phase are simultaneously active.

This flag detects when the normal phase and inverted phase are simultaneously active,
while any of bits TRNTBA2 to TRnTBAO of the TRnIOCA4 register is 1. When bits TRnTBA2
to TRNnTBAO = 000B, simultaneous active is not detected.

Remarks: 1. The TRnTBF flag is set (1) upon detection that any of the normal phases

(TORn1, TORN3, TORN5) and inverted phases (TORn2, TORn4, TORNG)
are simultaneously active, and an error interrupt (INTTRnER) is output at
such time.

2. This flag can be cleared by writing “0” to it.

TRnSUF

Timer R Sub-Counter Up/Down Detection Flag

0

Sub-counter is counting up

1

Sub-counter is counting down

count.

The TRnSUF flag detects sub-counter counting from 0000H until (TRNCCRO register
value - 2) as up count, and counting from TRnCCRO register value until 0002H as down

Remarks: 1. The TRnSUF flag is a read-only flag.

2. The TRnSUF flag is valid only in the high-accuracy T-PWM mode.

TRnRSF

Reload Suspension Flag

0

Write access to TRNCCRO to TRNCCR5 and TRnOPT1 registers is enabled
(no reload request, or completion of reload).

Write access to TRNCCRO to TRNCCR5 and TRnOPT1 registers is disabled
(reload request was output).

The TRnRSF flag indicates output of a reload request. It indicates that the data to be
transferred next will be held in the TRNCCRO to TRNCCR5 and TRnOPT1 registers.
The TRnRSF flag is set (1) upon write to the TRNCCR1 register, and cleared (0) upon
reload completion.

n=0,1
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(13) TMRn option register 7 (TRNOPT7)
The TRnOPT7 register is an 8-bit register that controls time output switching.
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 10-24: TMRn Option Register 7 (TRNOPT7)

After reset: OOH R/W Address: TROOPT7 FFFFF58DH
TR10OPT7 FFFFF5CDH
4 3 2 1 0
TRNOPT7 | 0 0 0 0 0 TRnTOS
(n=0,1)
TRnTOS Timer Output (TORNO) Switching Control

0 Output counter’s (TRNCNT) up/down count flag to TORNO pin

1 Output sub-counter’'s (TRNSBC) up/down count flag to TORNO pin
When TRnTOS = 0, the status of bit TRNCUF of the TRNnOPTO register is output to pin
TORNO. When TRnTOS = 1, the status of bit TRNSUF of the TRNnOPT6 register is output
to the TORNO pin.
Remark: The TRnTOS bit is valid only in the high-accuracy T-PWM mode.

Remark: n=0,1

328 User's Manual U16580EE2VOUDOO



Chapter 10 16-bit Inverter Timer/Counter R

10.4 Basic Operation

10.4.1 Basic counter operation

This section describes the basic operation of the 16-bit counter. For details, refer to the description of
the operation of each mode.

(1M

e

3

Count start operation

The 16-bit counter of timer R starts counting from initial value FFFFH in all the modes except the
high-accuracy T-PWM mode.

The counter counts up FFFFH, 0000H, 0001H, 0002H, 0003H, ...

For the count operation in the high-accuracy T-PWM mode refer to section 10.10.9 (4) Counter
operation in high-accuracy T-PWM mode.

Clear operation

The 16-bit counter is cleared to 0000H upon a match between the 16-bit counter and the compare
register. Counting immediately following the start of count operation and counting from FFFFH to
0000H in the case of overflow are not detected as clear operations.

Overflow operation

16-bit counter overflow occurs when the value of the 16-bit counter changes from FFFFH to
0000H. When overflow occurs, bit TRNOVF of the TRNOPTO register is set (to 1), and an interrupt
(INTTRNnOV) is output. No overflow interrupt (INTTRnOV) is output under the following conditions.

¢ Immediately after count operation start
e When compare value is matched and cleared at FFFFH

Caution: Be sure to check that the overflow flag (TRNOVF) is set to 1 following output of the

@

overflow interrupt (INTTRnOV).

Counter read operation during count operation

In the case of timer R, the value of the 16-bit counter can be read by the TRNnCNT register during
count operation.

User’s Manual U16580EE2V0OUDOO 329



Chapter 10 16-bit Inverter Timer/Counter R

®)

Interrupt operation
In the case of timer R, the following interrupts are output.

INTTRnCCO:
INTTRnCC1:
INTTRnCC2:
INTTRnCC3:
INTTRNnCC4:
INTTRNnCC5:

INTTRnCD:

INTTRNnOD:

INTTRnOV:
INTTRnER:

Remark: n=0,1

330

Functions as TRNnCCRnNO buffer register match interrupt.
Functions as TRNCCRn1 buffer register match interrupt.
Functions as TRNCCRnN2 buffer register match interrupt.
Functions as TRNCCRnN3 buffer register match interrupt.
Functions as TRNCCRn4 buffer register match interrupt.
Functions as TRNCCRn5 buffer register match interrupt.

Functions as a peak interrupt at the timing when the counter switches from up
count to down count.

Functions as a valley interrupt at the timing when the counter switches from up
count to down count.

Functions as an overflow interrupt.

Functions as an normal phase/inverted phase simultaneous active detection
interrupt.
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10.4.2 Compare register rewrite operation

In the PWM mode, high-accuracy T-PWM mode, PWM mode with dead time, external trigger pulse
output mode, and triangular wave PWM mode, the reload function is valid. (In all other modes,
reload-related settings are invalid.)

The compare/control registers with the reload function are listed below.

¢ TRNnCCRO to TRNnCCR5
e TRNOPT1

Compare registers with the reload function can be rewritten in the following modes.

¢ Anytime rewrite mode
In this mode, each compare register is updated independently, and when a compare register is
written to, the register is updated to the value written during anytime write access.

¢ Reload mode (batch rewrite)
When the TRNCCR1 register is written to, all the registers are updated at the next reload timing
(reload).
Reload does not occur even if a register other than the TRNCCR1 register is written to.
A reload request flag (TRNRSF) is provided.

The compare register can be rewritten using DMA transfer. DMA transfer is performed as follows.

Address Register Name DMA Transfer Sequence
FFFFF590H | TROCCR5
FFFFF592H | TROCCR4
FFFFF594H |- Note
FFFFF596H | - Note
FFFFF598H TROCCRO
FFFFF59AH TROCCRS3
FFFFF59CH TROCCR2
FFFFF59EH | TROCCR1 Yyvy

Address Register Name DMA Transfer Sequence
FFFFF5DOH | TR1CCR5
FFFFF5D2H | TR1CCR4
FFFFF5D4H |- Note
FFFFF5D6H | - Note
FFFFF5D8H TR1CCRO
FFFFF5DAH TR1CCRS3
FFFFF5DCH TR1CCR2
FFFFFS5DEH | TR1CCR1 Yyvy

Note: Dummy data transfer
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For details about the interrupt thinning out function specified by setting the TRnOPT1 register, refer to
10.7 Interrupt Thinning Out Function.

Mode Rewrite Timing
Interval mode Anytime rewrite
External event count mode Anytime rewrite
External trigger pulse output mode Reload
One-shot pulse mode Anytime rewrite
PWM mode Reload
Free-running mode Anytime rewrite
Pulse width measurement mode Reload
Triangular wave PWM mode Reload Note 1
High-accuracy T-PWM mode Anytime rewrite, Reload Note 2
PWM mode with dead time Reload

Notes: 1. Rewrite is performed upon valley interrupt.
2. Set with TRNOPTO register bit TRNCMS = 0, TRnOPT1 register bit TRNRDE = 0
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(1) Anytime rewrite
Anytime rewrite is set by setting TRNnOPTO register bit TRNCMS = 1. The TRnOPT1 register bit
TRNnRDE setting is ignored.
In this mode, the value written to each compare register is immediately transferred to the internal
buffer register and compared to the counter value.
Following write to a compare register (TRNnCCRO register, etc.), the value is transferred to the
internal buffer register after the lapse of 4 clocks (fryirn)- However, since only the TRNCCR1
register has a 2-stage configuration, the actual transfer timing is after the lapse of 5 clocks (fryrn)-

Figure 10-25: Anytime Rewrite Timing

Dos Do1
Doz
D21 D21 D21
Counter D11 Dy D12 D1z
31 D31 D31 D31
| 71
TRnCE |
TRnCCRO \ Do Do
I i
TRnCCRO
M oitrer  0000HX Dot X Do>
INTTRNCCO
TRnCCR1 \ D11 X D12
[ |
TRNCCR1
Motrer  0000HX Dis X Di2
INTTRnCC1 I I M [
TRnCCR2 \ D21
| |
TRnCCR2
buffer  0000HX D
INTTRNCC2 [ [ [
TRnCCR3 \ D31
| |
TRnCCR3
bufror  0000H X Dsi
INTTRnCC3 M M
TRnRSF L

Remarks: 1. D01, D02: TRnCCRO register setting value (0000H to FFFFH)
D11, D12: TRnCCR1 register setting value (0000H to FFFFH)
D21: TRnCCR2 register setting value (0000H to FFFFH)
D31: TRnCCRS register setting value (0000H to FFFFH)

2. Timing chart using interval timer mode as an example
3. n=0,1
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(a) Cautions related to rewriting TRNCCRO register in high-accuracy T-PWM mode

When the TRNnCCRQO register is rewritten during operation using the anytime rewrite function,
anytime transfer of the value to the TRNCCRO buffer register is not performed. The timing is shown

below.
“Qr
d1
Counter
TANCCRO | = [ v [ o |
A \ A \
TRnCCRO P N P .
buffer | a b ° |

Remark: di1: TRnDTC1 setting value

Following write to the TRNCCRO register, the value of the TRNCCRO register is transferred to the
TRnCCRO buffer register at the next peak or at the valley timing. Since TRnCMS = 1 (anytime
rewrite), the settings of bits TRnIOE, TRnICE, TRnRDE, and TRnID4 to TRnIDO have no
influence.

(b) Cautions related to rewriting of TRNCCR1 to TRNCCR3 registers

Counter J/I/\I\I//\I\

TRnCCR1,2,3( i

<1> <2> <3> <4> <1> <2> <3>: <4>

Y.
A
Y.
A
Y.
A
Y.
A
Y.
A
Y.
A
Y.

A
\

Rewrite in <1> interval (rewrite before match occurrence)

In the case of rewrite before a match between the TRNnCCR1 to TRNnCCRB3 registers and the
counter occurs, a match with the counter occurs following rewrite and the rewrite value is instantly
reflected.

Countel‘ “ /\ “j i \ LY
K’ K

" T~
TRnCCR1 ( W X nkn
TRnCCR1 ——
buffer { ! A K
TORN1 [ [
TORN2 [ [
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If a value smaller than the counter value is written before match occurrence, no match occurs, so
the following output wave results.

Counter J /./ T~ \u i \\ i

TRNCCR1 ¢ i N G

TRnCCR1 T
buffer { A :

TORN1 | "

TORN2 J

Forced rise

=1

If no match occurs, the timer output remains unchanged.
However, even if a match does not occur the timer output is forcibly changed to normal phase
active level at peaks.

Rewrite in <2> interval (rewrite after match occurrence)
In the case of rewrite after a match between the TRNCCR1 to TRnCCRS3 registers and the counter
occurs, further match occurrences are ignored, so the rewrite value is not reflected.

Counter | HIQZXK\/Q\I(\

TRNCCR1 (%

TRnCCR1 ( w
buffer

X
X
TORN1 R !
~7 ~A
TORN2 b y\ |—

INTTRnCC1 '
eMatches due to rewrite after

match occurrence are ignored, and

the timer output remains unchanged.
eThe INTTRnCC1 signal becomes valid from the next match after up/down count is

switched and the timer output changes. However, a match interrupt is output upon
INTTRnCC1 interrupt output.

pu— |
 Joakt
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336

Rewrite in <3> interval (rewrite before match occurrence)

In the case of rewrite before a match between the TRNCCR1 to TRNCCRB3 registers and the
counter occurs, a match with the counter occurs following rewrite and the rewrite value is instantly
reflected.

Counter “ /\ Wiy \ “w)Zn
K K K
/

~ ~
TRNCCR1 (7 %
buffer
TORnN1 | |
TORN2 | —

If a value larger than the counter value is written before match occurrence, no match occurs, so
the following output wave results.

Counter “i/\ “r’ T

TRnCCR1 {9 X o
TRnCCR1 >
buffer { ! A r
TORN1 [ [
TORN2 [ [
Forced fall

If no match occurs, the timer output remains unchanged.
However, even if a match occurs, the timer output is forcibly changed to normal phase inactive
level at valleys.
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Rewrite in <4> interval (rewrite after match occurrence)

In the case of rewrite after a match between the TRNCCR1 to TRNnCCRS3 registers and the counter
occurs, further match occurrences are ignored, so the rewrite value is not reflected.

Counter ‘ i T~ 4 g \ K
/ ~——— . ~
TRNCCR1 (7 R
TRnCCR1 ( uiu X_ “ku'
buffer R N
TORN1 [ ciy Cif
TORN2 o 7 [
INTTRRCCH ‘M
» )|

eMatches due to rewrite after match
occurrence are ignored, and the
timer output remains unchanged.
eThe INTTRnCC1 signal becomes valid from the next match after up/down count is

switched and the timer output changes. However, a match interrupt is output upon
INTTRnCC1 interrupt output.

(c) Cautions related to rewriting TRNOPT1

Since the internal interrupt thinning out counter is cleared when the TRNnOPT1 register is written
to, the interrupt output interval may temporarily become longer.
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()

Batch rewrite (reload mode)

Batch rewrite is set by setting TRNOPTO register bit TRNCMS = 0, TRnOPT1 register bit
TRnRDE = 0, TRnICE = 1 (reload enabled at peaks), and TRnIOE = 1 (reload enabled at valleys).
In this mode, the values written to the various compare registers are all transferred at the same
time to the respective buffer registers at the reload timing.

Figure 10-26: Basic Operation Flow during Batch Rewrite

[ START ]

I
Initial settings

I
Timer operation enable (TRNnCE = 1) —
Transfer of values of TRNCCRO to
TRnCCRS3 to buffers TRNCCRO to
TRnCCR3

>

Read TRnRSF

0
\
Rewrite TRNCCRO
I
Rewrite TRNCCR2 > Any order
I
Rewrite TRNCCR3
| J
Rewrite TRNCCR1 — > Reloadenable
I
eMatch between counter and TRNCCRO | ____, |NTTRnCCO
eCounter clear & start
eTransfer of values of TRNCCRO to
TRnCCR3 to TRNCCRO buffer

Caution: Write access to the TRNCCR1 register includes also the reload enable operation.

Therefore, rewrite the TRNCCR1 register after rewriting the other TRNCCR registers.

Remarks: 1. This sample flow chart is for the PWM mode.
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2. n=0,1
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Counter

Figure 10-27: Batch Rewrite Timing (1/2)

Reload upon > <
Reload rewrite . N
iming TRnCCRY write _—— " »i(,‘
TRnCCRO B
TRnCCRO buffer < D= p >,
TRnCCR1 <] [
TRnCCR1 buffer < 7= .'))5( ]
TRnCCR2 >4 R
TRnCCR2 buffer < Il : D :
TRNCCR3 <] -
TRnCCRS3 buffer < ; : 1
TRnCCR4 < { '\ :
TRnCCR4 buffer < “ :*X 1
TRnCCR5 < | o
TRnCCRS buffer < l T
TRnOPT1 < \l .‘ —
< ! T
TRnOPT1 buffer \ : \ / Batch update at
INTTRNCDO I : ¥\ reload timing
INTTRNOD \ ; !‘l)
Setting of reload \, "/ Flag clearing
TRnRSF hold flag [ following reload
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Figure 10-27: Batch Rewrite Timing (2/2)

Counter /I/I/
: Reload upon :

TRnCCR1 write/—bg
pid é\

T~

TRnCCRO N
TSnCCRO buffer
TRnCCR1
TSnCCR1 buffer
TRnCCR2
TSnCCR2 buffer
TRnCCR3
TSnCCRS buffer
TRnCCR4
TSnCCR4 buffer
TRnCCR5
TSnCCRS buffer
TRnOPT1

TSnOPT1 buffer

\
Ly

H~&l
~|+

XY

AV =
] _[;1’ ™

N

= -

L
//

/

|

(

|

\\

AT AN ATAYATAYAYAYAYAYAYA

NARNARR4

-

/ >
\\j/\ Batch update at

i—| ] reload timing

INTTRNCDO

Setting of reload
TRnRSF : hold flag

Flag clearing
following reload
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(a) TRNCCRO register rewrite operation in high-accuracy T-PWM mode

When rewriting the TRNCCRO register in the batch rewrite mode, the output waveform changes
according to whether reload occurs at a peak or at a valley (TRnICE = 1, TRnIOE = 1 settings).

Counter

<1> <2> i <1> <2>

& N 3 3 N
< 7 < VR N >

Rewrite in <1> interval (rewrite during up count)

Since the next reload timing becomes the peak point, the cycle on the down count side changes
and an asymmetrical triangular waveform is output. Also, since the cycle changes, reset the duty
value as necessary.

‘y/ n di1” value loaded to counter

Countel’ ‘ /I/‘ ‘l‘ ” ”l‘ ” \ uk “I‘ ” \ uk “I ”

.= ~ ~

Reloadable timing

TRNCCRO (™m O

TRnCCRO ¢ T )
buffer
TRnCCR1 % X 1

TRnCCR1 L
buffer ( ! k

TORN1 ] | | [
TORN2 | | |
INTTRnCD

INTTRnOD

Remark: d1: TRnDTC1 setting value
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Counter

Reloadable timing

«—

\

d1” value

load

g

ed tp counter

TRNCCRO (77"

wn

TRnCCRO (

W

buffer

TRNCCR1 (7

S

TRNCCR1 (

ukn

buffer
TORNA1

TORN2
INTTRnCD

INTTRnOD

Remark: d1: TRnDTC1 setting value

The counter loads the TRNCCRO value minus “d1” upon occurrence of reload in the high-accuracy
T-PWM mode. As a result, the expected waveform can be output even if the cycle value is changed

at the peak reload timing.

Rewrite in <2> interval (rewrite during down count)

Since the next reload timing becomes the valley point, the cycle value changes from the next cycle
and the asymmetrical triangular waveform output is held. Since the cycle changes, be sure to set

again the duty value as required.

Counter

Reloadable timing

«

i

dt1”

\ “p

“I‘ ]

«“

n

dtr’

uk

“I‘

uk

TRnCCRO (7"

[

TRNCCRO (

[

buffer

TRNCCR1 (

W

e

TRNCCR1 ¢

W

e

buffer
TORN1

TORN2
INTTRnCD

INTTRnOD

Remark: d1: TRnDTC1 setting value
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(b) TRNCCR1 to TRNCCR3 register rewrite operation in high-accuracy T-PWM mode

@€ win

ounter P i Lt

Reloadable timing

TRnCCR1 <_“|” X uksl X “r”

A A
TRnCCR1 W W . %
buffer { ! k r
TORN1 [ [
TORN2 [ [
INTTRNnCCH1

<1> <2> <1> <2>

A
A
A
A

Remark: When TRNnDTCO =0, TRnDTC1 =0

Rewrite in <1> interval (rewrite during up count)
Since reload is performed at the peak interrupt timing, an asymmetric triangular waveform is
output.

Rewrite in <2> interval (rewrite during down count)

Since reload is performed at the valley interrupt timing, an asymmetric triangular waveform is
output.
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10.4.3 List of outputs in each mode

(1) Timer outputs in each mode
The timer outputs (pins TORNO to TORN7) in each mode are listed below.

Table 10-3: List of Timer Outputs in Each Mode (1/2)

Operation Mode TORNO TORN1 TORN2 TORN3
Interval mode Toggle output upon  |Toggle output upon | Toggle output upon |Toggle output upon
TRnCCRO compare |TRnCCR1 compare |TRnCCR2 compare |TRnCCR3 compare
match match match match
External event count |Toggle output upon |Toggle output upon |Toggle output upon |Toggle output upon
mode TRnCCRO compare |TRnCCR1 compare |[TRnCCR2 compare |TRnCCR3 compare
match match match match

External trigger pulse
output mode

Toggle output upon
CCRO compare
match or external
trigger input

External trigger pulse
waveform output

External trigger pulse
waveform output

External trigger pulse
waveform output

One-shot pulse mode

Active at count start.
Inactive upon
TRnCCRO match.

Active upon
TRnCCR1 maitch.
Inactive upon
TRnCCRO match.

Active upon
TRnCCR2 match.
Inactive upon
TRnCCRO match.

Active upon
TRnCCRS3 maitch.
Inactive upon
TRnCCRO match.

PWM mode

Toggle output upon
TRnCCRO compare
match

PWM output upon
TRnCCR1 compare
match

PWM output upon
TRnCCR2 compare
match

PWM output upon
TRnCCRS3 compare
match

Free-running mode

Toggle output upon
TRnCCRO compare
match

Toggle output upon
TRnCCR1 compare
match

Toggle output upon
TRnCCR2 compare
match

Toggle output upon
TRnCCR2 compare
match

Pulse width
measurement mode

Triangular wave
PWM mode

Inactive during up
count. Active during
down count.

PWM output upon
TRnCCR1 compare
match

PWM output upon
TRnCCR2 compare
match

PWM output upon
TRnCCR3 compare
match

High-accuracy
T-PWM mode

Inactive during coun-
ter or sub-counter up
count. Active during
down count.

PWM output (with
dead time) upon
TRnCCR1 compare
match

Inverted phase output
to TORn1

PWM output (with
dead time) upon
TRnCCR2 compare
match

PWM mode with Toggle output upon  |PWM output (with Inverted phase output [PWM output (with
dead time TRnCCRO compare |dead time) upon to TORn1 dead time) upon
match TRnCCR1 compare TRnCCR2 compare
match match
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Table 10-3: List of Timer Outputs in Each Mode (2/2)

Operation Mode TORNn4 TORN5 TORN6 TORN7
Interval mode Toggle output upon | Toggle output upon - -
TRnCCR4 compare |TRnCCR5 compare
match match
External event count |Toggle output upon |Toggle output upon - -
mode TRnCCR4 compare | TRnCCR5 compare
match match

External trigger pulse
output mode

External trigger pulse
waveform output

External trigger pulse
waveform output

One-shot pulse mode

High upon TRnCCR4
match. Inactive upon
TRnCCRO match.

High upon TRNnCCR5
match. Inactive upon
TRnCCRO match.

PWM mode

PWM output upon
TRnCCR4 compare
match

PWM output upon
TRnCCRS5 compare
match

Pulse output upon
A/D conversion

trigger Note

Free-running mode

Toggle output upon
TRnCCR4 compare
match

Toggle output upon
TRnCCRS5 compare
match

Pulse width
measurement mode

Triangular wave
PWM mode

PWM output upon
TRnCCR4 compare
match

PWM output upon
TRnCCRS5 compare
match

Pulse output upon
A/D conversion

trigger Note

High-accuracy
T-PWM mode

Inverted phase output
to TORN3

PWM output (with
dead time) upon
TRnCCR3 compare
match

Inverted phase output
to TORN5

Pulse output upon
A/D conversion

trigger Note

PWM mode with
dead time

Inverted phase output
to TORN3

PWM output (with
dead time) upon
TRnCCR3 compare
match

Inverted phase output
to TORN5

Pulse output upon
A/D conversion

trigger Note

Note: For details on TORN7, refer to 10.4.3 (a) TORN7 pin output control.
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(a) TORN7 pin output control

The A/D conversion signals can be output to pin TORn7. Pin TORn7 is set (to 1) by the
TRnADTRGO signal trigger, and it is reset (to 0) by the TRNnADTRG1 signal trigger. If the
TRnADTRGO trigger occurs while pin TORN7 is set (to 1), its set (1) status is maintained. If the
TRnADTRGH trigger occurs while pin TORNn7 is reset (0), the (0) status is maintained. If the
TRnADTRGO and TRnADTRG1 signal triggers occur simultaneously, pin TORn7 is reset (to 0).

Figure 10-28: TORnN7 Pin Output Timing 1

/-TRnCNT
TRnCCRS5

TRnCCR4

TRnADTO I
TRNADTH I I

TORN7

TRNADTO 1 1
TRnADT1 1

Case 1

Case 2

TORN7 —

TRNADTO M
TRNADTH I I

TORN7 1

Case 3

Remark: Case 1: When TRnCCR4 < TRNnCCR5, TRnOPT2 = 04H, TRnOPT3 = 10H

346

Case 2: When TRnCCR4 < TRnCCR5, TRNnOPT2 = 04H, TRNnOPT3 = 20H
Case 3: When TRnCCR4 < TRnCCR5, TRnOPT2 = 08H, TRNOPT3 = 10H
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&)

Interrupts in each mode

The interrupts in each mode (INTTRnCCO to INTTRnCC5, INTTRnOV, INTTRnER) are listed

below.

Table 10-4: List of Interrupts in Each Mode (1/2)

match interrupt

match interrupt

match interrupt

Operation Mode INTTRnCCO INTTRnCC1 INTTRnCC2 INTTRnCC3
Interval mode TRnCCRO compare |[TRNCCR1 compare | TRNnCCR2 compare |TRNnCCR3 compare
match interrupt match interrupt match interrupt match interrupt
External event count mode |TRNnCCRO compare |TRNnCCR1 compare |TRnCCR2 compare |TRnCCR3 compare
match interrupt match interrupt match interrupt match interrupt
External trigger pulse TRnCCRO compare |[TRNCCR1 compare | TRNnCCR2 compare |TRNnCCR3 compare
output mode match interrupt match interrupt match interrupt match interrupt
One-shot pulse mode TRnCCRO compare |TRNnCCR1 compare | TRNnCCR2 compare |TRnCCR3 compare
match interrupt match interrupt match interrupt match interrupt
PWM mode TRnCCRO compare |[TRNCCR1 compare | TRNnCCR2 compare |TRnCCR3 compare
match interrupt match interrupt match interrupt match interrupt
Free-running mode TRNCCRO compare |TRNnCCR1 compare | TRNnCCR2 compare |TRnCCR3 compare

match interrupt

Pulse width measurement

TIR10 capture

TIR11 capture

TIR12 capture

TIR13 capture

mode interrupt interrupt interrupt interrupt

Triangular wave PWM TIR10 capture TIR11 capture TIR12 capture TIR13 capture

mode interrupt interrupt interrupt interrupt

High-accuracy T-PWM TRnCCRO compare |[TRNCCR1 compare | TRNnCCR2 compare |TRNnCCR3 compare

mode match interrupt match interrupt match interrupt match interrupt
Note 1 Note 2 Note 2 Note 2

PWM mode with dead time | TRnCCRO compare |TRNnCCR1 compare |TRnCCR2 compare |TRnCCR3 compare
match interrupt match interrupt match interrupt match interrupt

Note 3 Note 3 Note 3

Notes: 1.

can be used as the peak interrupt.

2. If setin the range of 0000H <TRNCCRm < TRnDTCO, (TRNCCRO - TRNDTC1)< TRNCCRm
<TRnCCRO (m =1 to 5), no compare match interrupt is output.

A compare match interrupt is output when the TRNnDTC1 register is set to 000H. INTTRnCD

3. Ifsetto TRNCCRO < TRNCCRm (m to 1 to 5), no compare match interrupt is output.

Remarks: 1.
2. n=0,1

in the table indicates inactive level output.
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Table 10-4: List of Interrupts in Each Mode (2/2)

match interrupt

match interrupt

Operation Mode INTTRnCC4 INTTRnCC5 INTTRNOV INTTRnER

Interval mode TRnCCR4 compare |TRnCCR5 compare - -
match interrupt match interrupt

External event count mode |TRNnCCR4 compare |TRNnCCR5 compare - -
match interrupt match interrupt

External trigger pulse TRnCCR4 compare |TRnCCR5 compare - -

output mode match interrupt match interrupt

One-shot pulse mode TRnCCR4 compare | TRNCCR5 compare - -
match interrupt match interrupt

PWM mode TRnCCR4 compare |TRnCCR5 compare - Error interrupt
match interrupt match interrupt

Free-running mode TRnCCR4 compare |[TRNCCR5 compare |Overflow interrupt -

Pulse width measurement
mode

Overflow interrupt

mode

match interrupt
Note 1

match interrupt
Note 1

Note 3

Triangular wave PWM TRnNCCR4 compare [TRNnCCR5 compare - Error interrupt
mode match interrupt match interrupt
High-accuracy T-PWM TRnCCR4 compare | TRNCCR5 compare |Overflow interrupt | Error interrupt

PWM mode with dead time

TRnCCR4 compare
match interrupt
Note 2

TRnCCRS5 compare
match interrupt
Note 2

Error interrupt

Notes: 1.

If set in the range of 0000H <TRNCCRm < TRnDTCO, (TRNCCRO - TRnDTC1)

< TRNnCCRm <TRnCCRO (m = 1 to 5), no compare match interrupt is output.

2. If setto TRNCCRO < TRNCCRm (m = 1 to 5), no compare match interrupt is output.

3. If a setting error has been made for TRNCCRO, TRNnDTCO, TRnDTC1, an overflow interrupt

(INTTRnQV) is output.

Remarks: 1.
2. n=0,1
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“-” in the table indicates inactive level output.
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(3) A/D conversion triggers, peak interrupts, and valley interrupts in each mode
The A/D conversion triggers, peak interrupts, and valley interrupts in each mode are listed below.

Table 10-5: List of A/D Conversion Triggers, Peak Interrupts and Valley Interrupts in Each Mode

Operation Mode

TRnADTRGO

TRnADTRGH1

INTTRnCD

INTTRnOD

Interval mode

External event count
mode

External trigger pulse
output mode

One-shot pulse mode

PWM mode

Select from interrupts
INTTRNnCD,
INTTRnCC4,
INTTRnCC5

Select from interrupts
INTTRNnCD,
INTTRnCC4,
INTTRnCC5

Peak interrupt at
same timing as
INTTRnCCO
interrupt

Free-running mode

Pulse width
measurement mode

Triangular wave PWM
mode

Select from interrupts
INTTRNCD,
INTTRnCC4,
INTTRnCC5

Select from interrupts
INTTRNCD,
INTTRnCC4,
INTTRnCC5

Valley interrupt at
counter valley (upon
switching from down
to up count)

High-accuracy T-PWM
mode

Select from interrupts
INTTRNCD,
INTTRnCC4,
INTTRnCC5

Select from interrupts
INTTRNCD,
INTTRnCC4,
INTTRnCC5

Peak interrupt

Valley interrupt at
counter valley (upon
switching from down
to up count)

PWM mode with dead
time

Select from interrupts
INTTRNCD,
INTTRnCC4,
INTTRnCC5

Select from interrupts
INTTRNCD,
INTTRnCC4,
INTTRnCC5

Peak interrupt at
same timing as
INTTRnCCO

interrupt

Remarks: 1.

following interrupt thinning out.

2. n=0,1
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10.5 Match Interrupts

Match interrupts consist of compare match interrupts (INTTRnCCO to INTTRnCC5), peak interrupts
(INTTRnCD), and valley interrupts (INTTRnOD). For details about error interrupts, refer to 10.9 Error
Interrupts.

Compare match interrupts (INTTRNCCO to INTTRnCCS5) are interrupts that occur following a match
between the TRNCCRO to TRNCCRS5 registers and the counter, and are output in all modes (no
operation mode restrictions).

Peak interrupts (INTTRnCD) are output in the PWM mode, triangular wave PWM mode, high-accuracy
T-PWM mode, and PWM mode with dead time. If the counter is a triangular wave operation mode
(triangular wave PWM mode, high-accuracy PWM mode), a peak interrupt is output when the counter
switches from up count to down count. If the counter is in a saw tooth wave operation mode (PWM
mode, PWM mode with dead time), a peak interrupt occurs upon a match between the counter and the
TRnCCRO register (same timing as INTTRnCCO interrupt).

Valley interrupts occur when the counter switches from down count to up count in the triangular wave
PWM mode and high-accuracy T-PWM mode.

Figure 10-29: Interrupt Signal Output Example (1/2)

FFFFH

Counter

TRnDTCO

OH

TRnCCRO | p (for cycle éetting)
TRnCCR1 [ 7 (U phase duty)
TRnCCR2 [ —  (Vphaseduty)
TRnCCR3 [ K (Wphaseduty)_

TRoDTCO [ do ]
TRNDTC1 | d1 |

INTTRnCC1 I I I

INTTRnCC2 I

INTTRNCC3 I

INTTRNCDO ] 1
(peak interrupt)

INTTRnOD
(valley interrupt)

350 User's Manual U16580EE2VOUDOO



Chapter 10 16-bit Inverter Timer/Counter R

Figure 10-29: Interrupt Signal Output Example (2/2)

FFFFH

Counter

OH

TRnCCRO

I
TRnCCR1 [ , .
TRnCCR2 | j
I
I

TRnCCRS3
TRnCCRS3

INTTRnCCO

INTTRNCCH I

INTTRnCC2

INTTRnCC3

INTTRnCC4

INTTRnCDQ
(peak interrupt)

INTTRnOD
(valley interrupt)
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10.5.1 Compare match interrupt related cautions

(1) Cautions in high-accuracy T-PWM mode

Compare match interrupts occur upon a match between the counter and a compare register
(TRNnCCRO to TRNCCR5). However, in the high-accuracy T-PWM mode, the compare register can
be set exceeding the counter’s count operation range. Therefore, under the following conditions,
no compare interrupt is output.

¢ Restrictions related to compare match interrupt with TRnCCRO register (INTTRnCCO)

In the high-accuracy T-PWM mode, when TRnDTC1  000H, no compare match interrupt
(INTTRnCCO) is output.
(Use INTTRnOD (valley interrupt) and INTTRnCD (peak interrupt) as the cycle interrupts.)

Restrictions related to TRNCCR1 to TRnCCRS3 register

In the high-accuracy T-PWM mode, if set in the range of 0000H <TRnCCRm < TRnDTCO,
(TRnCCRO - TRNDTC1) < TRNCCRm <TRnCCRO, no interrupt occurs upon a match between
the compare value and the counter.

TRnSB
TRNCCRO SBC ) . .
TRnCCRm setting range in which
TRnCCRO no INTTRnCC1m interrupt occurs
-TRnDTCH
TRnCCRm setting range in which
INTTRnCC1m interrupt occurs
TRnDTCO¢ TRnCCRm setting range in which
N\ 7 no INTTRnCC1m interrupt occurs
0000H ——™M

Remark: m=11t03
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* Restrictions related to TRNCCR4 and TRnCCR?5 registers

In the high-accuracy T-PWM mode, if set in the range of 0000H <TRnCCR4, TRnCCR5 <
TRnDTCO, (TRNCCRO - TRnDTC1) < TRNCCR4, TRNCCR5 <TRNCCRO, no compare maich
interrupt is output since no match between the compare value and counter occurs.

When TRnCCR4 and TRnCCRS5 registers are used as trigger causes for A/D triggers, perform
setting in the range of TRNDTCO <TRNCCR4, TRNnCCR5 <(TRnCCRO - TRnDTC1).

TRNnCCRO TRNSBC

TRnCCRO
-TRnDTC1

Setting range of TRNCCR4 or TRNCCRS5,
in which INTTRnCC4 or INTTRnCC5
interrupts occur

TRnDTCO<
\N 7
0000H M
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(2) Cautions in PWM mode with dead time

Compare match interrupts are output upon a match between the counter and compare registers
(TRnCCRO to TRNCCRS5). However, in the high-accuracy T-PWM mode, the compare register can
be set exceeding the counter’s count operation range. Therefore, under the following conditions,
no compare interrupt is output.

¢ Restrictions related to TRNCCRm
In the PWM mode with dead time, if setting is performed in the following range, no match
between the compare value and counter occurs, and no compare match interrupt is output:
When TRnCCRO < TRnCCRm (TRnCCRO + TRnDTCO),
TRnCCR4, TRnCCRS5 registers are used as trigger causes for A/D triggers, perform settings
with TRNnCCR4, TRnCCR5 <TRnCCRO.

TRnCCRO
+TRnDTCO TRnSB P /i A Setting range in which INTTRnCCm
¥ interrupts are not output
TRNCCRO R S °
|
|
|
|
TRnCNT | Setting range in which INTTRnCCm
| interrupts are output
|
|
0000H !

Remark: m=1t0o5
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10.6 Flags

10.6.1 Up count flags

Timer Rn has two counters, a counter and a sub-counter.

TRnCUF is the counter’s up/down status flag. It operates in the triangular wave PWM mode and high-
accuracy T-PWM mode, and is fixed to 0 in all other modes.

TRnSUF is the sub-counter’s up/down status flag. It operates in the high-accuracy T-PWM mode, and is

fixed to 0 in all other modes.
For both TRNCUF and TRnSUF, 0 indicates the up count status, and 1 indicates the down count status.

Figure 10-30: Up Count Flags Timings (1/2)

FFFEH TRnCCRO

I-E\ /“\
X=p di&: \\'/'Sub—counter X L
PN :

N

~

TRNDTCO

OH

TRNCUEL___ [ | [
—

TRNSUE | o ]

In the triangular wave PWM mode, the values of TRNnCUF are as follows.

0 <counter < TRNCCRO+1 ... 0 (up count)
TRNCCRO+1 > counter > 0 ... 1 (down count)

In the high-accuracy T-PWM mode, the values of TRNCUF/TRnSUF are as follows.
[TRNCUF]
TRnDTCO <counter < (TRNCCRO - TRNDTC1) ..0 (up count)
TRNCCRO-TRnDTC1 = counter > TRnDTCO ... 1 (down count)
[TRNSUF]

0 <sub-counter < TRNnCCRO ..0 (up count)
TRnCCRO > sub-counter > 0 ..1 (down count)
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Figure 10-30: Up Count Flags Timings (2/2)

TRNCCRO-
TRnDTCA TSnCCRO

=

TRnDTCO

Counter Sub-counter

TRnCUF~ L T L TRASUF | [ L
TORNO™— | [ L TORNO -~ L [ L

TRnTOS = 0 sub-counter up/down

TRNTOS = 1 sub-counter up/down
status output to TORNO

status output to TORNO

10.6.2 Normal phase/inverted phase simultaneous active detection flag

Timer Rn has a flag (TRNnTBF) that detects normal phase/inverted phase simultaneous active states.

The TRnTBF flag is valid in the PWM mode, triangular wave PWM mode, high-accuracy T-PWM mode,
and PWM mode with dead time.

Figure 10-31: Normal Phase/Inverted Phase Simultaneous Active Detection Flag Timing

l_r
Counter
—

TORn1 __| TORn1 | [
TORn2 [ | TORn2 [ L
TRnTBAO 1’ TRnTBAO 17
INTTRNER [ 1 INTTRnER N
TRnTBF r TRnTBF I
0 write clear 0 write clear

Set after 1 base clock Set after 1 base clock
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10.6.3 Reload hold flag

In the case of timer Rn, the reload hold flag (TRNRSF) is set to “1” upon occurrence of a reload request
(when the TRNCCR1 register is written to). When reload occurs and the values are transferred to all the
buffer registers, the reload hold flag is cleared to “0”. The TRnRSF flag is valid in the following
operation modes.

e External trigger pulse output mode

¢ PWM mode

¢ Triangular wave PWM mode

¢ High-accuracy T-PWM mode (TRnCMS = 0)
¢ PWM mode with dead time

Caution: The TRnRSF flag is set to “1” following the lapse of 4 base clocks after TRnCCR1 reg-

ister write completion.

Figure 10-32: Reload Hold Flag Timings

NN

TRnCCR1|[ «x y | TRNnCCR1 | X y
TRnCCR1 £ TRnCCR1 {
buffers | X y | buffers | X Y
TRnRSF TRnRSF
A A
Reload timing Reload timing
TRnCCR1[__x Y |
TRNCCR1 | X ) y |
buffers
TRnRSF
> A
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Reload timing
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10.7 Interrupt Thinning Out Function

The operations related to the interrupt thinning out function are indicated below.

e The interrupts subject to thinning out are INTTRnCD (peak interrupt) and INTTRnOD (valley
interrupt).

* TRnOPT1 register bit TRnICE is used to enable INTTRnCD interrupt output and to specify
thinning out count targets.

e TRnOPT1 register bit TRnIOE is used to enable INTTRnOD interrupt output and to specify
thinning out count targets.

* TRnOPT2 register bit TRNRDE is used to specify reload thinning Yes/No.

e [f thinning out Yes is specified, reload is executed at the same timing as interrupt output
following thinning out.

* |f thinning out No is specified, reload is executed at the reload timing after write access to the
TRnCCRH1 register.

* The reload/anytime rewrite method can be specified with TRNnOPTO register bit TRNCMS.

e When TRnCMS = 0, the register value is updated in synchronization with reload, but when
TRnCMS = 1, the register value is updated immediately after write access.

Caution: When write access is performed to the TRnOPT1 register, the internal thinning out
counter is cleared when the register value is updated. Therefore, the interrupt
interval may temporarily become longer than expected.

To prevent this, it is recommended to set TRNnCSM = 0 and TRnRDE = 1, and to
change the interrupt thinning out count with the reloaded setting according to
interrupt thinning out. Using this method, the interrupt interval is kept the same as
the setting value.
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10.7.1 Operation of interrupt thinning out function

Figure 10-33: Interrupt Thinning Out Operations (1/2)

(a) when TRnICE = 1, TRnlOE = 1 (peak/valley interrupt output)

Counter

TRnID4-0 = 00H (no thinning

INTTRnCD

NN NN

INTTRNnOD

TRnID4-0 = 01H (mask 1)
INTTRnCD

INTTRNnOD

TRnID4-0 = 02H (mask 2)
INTTRnCD

INTTRNnOD

TRnID4-0 = 03H (mask 3)
INTTRnCD

INTTRNnOD

TRNID4-0 = 04H (mask 4)
INTTRnCD

INTTRnOD

TRnID4-0 = 05H (mask 5)
INTTRNCD

INTTRnOD

TRnID4-0 = 06H (mask 6)
INTTRnCD

INTTRnOD
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Figure 10-33: Interrupt Thinning Out Operations (2/2)

(b) when TRnICE = 1, TRnIOE = 0 (peak interrupt only output)

Counter

TRnID4-0 = 00H (no thinning: out)

INTTRnCD

N

NN NN

INTTRnOD

TRNID4-0 = 01H (mask 1)
INTTRNCD

INTTRnOD

TRnID4-0 = 02H (mask 2)
INTTRnCD

INTTRnOD

TRnID4-0 = 03H (mask 3)
INTTRRCD

INTTRnOD

TRNID4-0 = 04H (mask 4)
INTTRnCD

INTTRNnOD

(c) when TRnICE = 0, TRnIOE = 1 (valley interrupt only output)

Counter

INTTRnCD

n

NN

TRnID4-0 = 00H (no thinning out)

INTTRnOD

TRnID4-0 = 01H (mask 1)
INTTRnCD

INTTRnOD

TRnID4-0 = 02H (mask 2)
INTTRnCD

INTTRnOD

TRnID4-0 = 03H (mask 3)
INTTRnCD

INTTRnOD,

TRnID4-0 = 04H (mask 4)
INTTRnCD

INTTRnOD
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10.7.2 Operation examples when peak interrupts and valley interrupts occur alternately

(1) Register settings
Set both TRNOPT1 register bit TRnICE and TRnOPT1 register bit TRnIOE to 1.

(2) Operation example

Figure 10-34: Examples when Peak Interrupts and Valley Interrupts Occur Alternately (1/2)

(a) when TRNnCMS = 0, TRnRDE = 1 (Reload Thinning Out Control) (Recommended Settings)

o j\/\/\/\/\/\/\/\/\

INTTRNCD n M

INTTRNOD M

TRnIDS4 10 0 02 [ X\ 04 )
[ | Reload*

TRnID4t0 0 02 04X \_ ] )

Clear

Interrupt thinning——55— 57 92 X 00 X071 X_02_X_00 X 01 X 02 X 03 X104 X 00 X 01 X 02 X 03 X04

out counter

* Reload is executed at the thinned out interrupt output timing.  All other reload timings are ignored.

(b) when TRNnCMS = 0, TRnRDE = 0 (No Reload Control)

o ,H/\/\/\/\/\/\/\/\

INTTRnCD M
INTTRNnOD
TRnIDS4 to 0 ( 02 [ XA
[ ] Reload™
TRnID4to 0 02 X/ 04 )

S Clear
Interrupt thinning(™60 X707 X"02 X 00 X_01 X_00 X 01 X 02 X_03 X_04 X_00 X_01 X_02 X 03 X_04 X_0C

out counter
* Reload is executed at the reload timing after rewrite.
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Figure 10-34: Examples when Peak Interrupts and Valley Interrupts Occur Alternately (2/2)

(c) when TRNnCMS = 1, TRnRDE = x (anytime rewrite)

s ,H/\/\/\/\/\/\/\/\

INTTRnCD
INTTRNnOD

TRnIDS4 to 0 §

TRnID4to 0 |

Interrupt thinning,
out counter

* Instantly reflected after rewrite. The reload timing is ignored.
* The clear timing is transfer to the buffer, not register rewrite.

10.7.3 Interrupt thinning out function during counter saw tooth wave operation

The operations related to the interrupt thinning out function during counter saw tooth wave operation
(PWM mode, PWM mode with dead time) are indicated below.

e The interrupt subject to thinning out is INTTRNCD (peak interrupt). The saw tooth wave
operation occurs upon a match between the TRNnCCRO register and counter occurs.

e TRnOPT1 register bit TRnICE is used to enable INTTRnCD interrupt output and to specify
thinning out count targets.

e The TRnOPT1 register bit TRnIOE setting is invalid. INTTRnOD interrupt output is prohibited.
* TRnOPT1 register bit TRNRDE is used to specify reload thinning out Yes/No.

¢ |f thinning out Yes is specified, reload is executed at the same timing as interrupt output
following thinning out.

¢ |f thinning out No is specified, reload is executed at the reload timing after write access to the
TRnCCRT1 register.

Caution: When write access is performed to the TRNOPT1 register, the internal thinning out
counter is cleared when the register value is updated. Therefore, the interrupt
interval may temporarily become longer than expected.

To prevent this, it is recommended to set TRNCSM = 0 and TRnRDE = 1, and to
change the interrupt thinning out count with the reloaded setting according to
interrupt thinning out. Using this method, the interrupt interval is kept the same as
the setting value.
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10.8 A/D Conversion Trigger Function

This section describes the operation of the A/D conversion triggers output in the PWM mode, triangular
wave PWM mode, high-accuracy T-PWM mode, and PWM mode with dead time. In these modes, the
TRnCCR4 and TRnCCRS5 registers are used as match interrupts and for the A/D conversion trigger
function, with no influence on timer outputs in terms of the compare operation. For the A/D conversion
triggers that can be output in each mode, refer to 10.4.3 (3) A/D conversion triggers, peak inter-
rupts, and valley interrupts in each mode.

Figure 10-35: A/D Conversion Trigger Output Controller

TRnAT
[05 04 03 02 01 00]

Peak of Thinnind

TRnCNT‘_D— out | INTTRNOD
TRnICE: circuit

Valley of Fhinning_INTTRnCDO
TRACNT 1501 out — TRNADTRGO
n circuit | INTTRnCCA
TRNCUF —— E
INTTRNCCS,
j_mnwmm

The above figure shows the A/D conversion trigger controller. As shown in this figure, it is possible to
select and perform OR output of compare match interrupts (INTTRnCC5, INTTRnCC4) and peak
interrupts (INTTRnCD), valley interrupts (INTTRnOD) interrupt signals, sub-counter peak timing, and
sub-counter valley timing.

In the case of timer R, there are two identical A/D conversion trigger controllers, and each one can be
controlled independently.

:

N,
—
TRnCUF —‘_l_/
s TORN7
TRnAT R
1514131211 10]
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10.8.1 A/D conversion trigger operation

Timer R has a function for generating A/D conversion start triggers (TRNADTRGO, TRNADTRG1
signals), freely selecting 4 trigger sources. The following 4 triggers sources are provided, which can be
specified with TRNOPT2 register bits TRNnAT05 to TRnAT00 and TRnOPT3 register bits TRnAT15 to
TRNAT10. Here, control of the TRNADTRGO using TRnATO05 to TRnATOO is described. The same type
of control can be achieved for the TRNADTRG1 signal with control bits TRnAT15 to TRnAT10

(1) TRnADTRGO signal output control

e TRnOPT2 register TRNAT00 = 1: Output of A/D conversion trigger upon valley interrupt
(INTTRnOD) output

e TRnOPT2 register TRNATO1 = 1: Output of A/D conversion trigger upon peak interrupt
(INTTRnCD) output

* TRnOPT2 register TRNAT02 = 1: A/D conversion trigger outputtable upon compare match
interrupt (INTTRnCC4) during counter up count

e TRnOPT2 register TRNAT03 = 1: A/D conversion trigger outputtable upon compare match
interrupt (INTTRnCC4) during counter down count

e TRnOPT2 register TRNAT04 = 1: A/D conversion trigger outputtable upon compare match
interrupt (INTTRnCCS5) during counter up count

* TRnOPT2 register TRNATO5 = 1: A/D conversion trigger outputtable upon compare match
interrupt (INTTRnCCS5) during counter down count

The A/D conversion start trigger signals selected with bits TRnAT05 to TRnATO0O are all Orgq and

output to the TRNADTRGO pin.

The peak and valley interrupts (INTTRnOD, INTTRnCD) selected with bits TRnATOO and
TRNATO1 are the signals after interrupt thinning out. Therefore, they are output at the timing when
interrupt thinning out control is received, and when interrupt output enable (bits TRnICE and
TRnIOE) is not enabled, neither is any A/D conversion start trigger output.

Moreover, TRNOPT2 register bits TRNAT05 to TRnAT00 can be rewritten during operation.

When the A/D conversion start trigger setting bit is rewritten during operation, this is instantly
reflected to the output status of the A/D conversion start trigger.

These control bits do not have a reload function and are write accessed only in the anytime write
mode.
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Figure 10-36: A/D Conversion Trigger Timings (1/2)

(a) when TRnICE = 1, TRnlOE = 1, TRnID4-TRnIDO = 00H (No Interrupt Thinning Out)

Counter

INTTRnCD 1
INTTRnOD

INTTRnCC4___] | ] ) ) 1] 1] L1 L1
INTTRNCCS5 [L1] L1 L1 L1 L1 L1 L1 |
TRnCUF

[When TRnATO5:to 00:= 000001] Qutput:INTTRnOD
TRnADTRGO

[When TRnATO05to 00i= 000010] Qutput:INTTRNnCD

TRnADTRGO

[When TRnATO5:to 00:= 000:100] Qutput:INTTRNCC4 during up count

TRnADTRGO | || N N N N N N N

[When TRnATO05:to 00:= 001000] Qutput:!INTTRNnCC4 during down count
TRnADTRGO N N N N N N N

[When TRnATO05:to 00:= 010000] Qutput:INTTRnCC5 during up ¢ount
TRnADTRGO N N N N N N N N

[When TRnATO05:to 00 = 100000] Qutput:!INTTRNCC5 during down count

TRnADTRGO N N N N N N N _

[When TRnATO05:to 00i= 000011] .:. Setting at which:A/D conversion start trigger isioutput for both peaks and valleys

TRnADTRGO I I

[When TRnATO05:to 00:= 100:100] Rerform ORed output o INTTRnCC4:and INTTRaCC5
... Setting at which A/D:conversion start ttigger is output for:both up/down count upan match intérrupt

TRnADTRGO I [l Il N M & " . "n"n "1 /1 7"
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Figure 10-36: A/D Conversion Trigger Timings (2/2)

(b) when TRnICE = 0, TRnIOE = 1, TRnID4 to TRnIDO = 02H (Interrupt Thinning Out)

Counter

INTTRnCD

INTTRnOD

[When TRnATO05-00 = 000011] Both INTTRnCD and INTTRnOD are selected, but peak not output due to interrupt thinning out specification.

TRNADTRGO I I

(c) Owhen TRnICE = 0, TRnIOE = 1, TRnID4 to TRnIDO = 02H (Interrupt Thinning Out)

Counter

INTTRnCD

INTTRnOD 1L ; ) ;
INTTRncC4___ L (UL Jn U Jun - Jen - JUf e
INTTRnCC5 [0 [ [ [ 111 MLl L1 | E
TRnCUF

[When TRnAT05-00 = 000101] ... INTTRNnCD s thinned out, but INTTRnCC4 is not.

TRNADTRGO N N m n n M n

(2) Cautions related to A/D conversion triggers

¢ In the PWM mode and PWM mode with dead time, no valley interrupt (INTTRnOD) is output.
Only peak interrupts (INTTRnCD) are valid.
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10.9 Error Interrupts

10.9.1 Error interrupt and error signal output functions

Timer R has an error interrupt (INTTRnER) and an error signal output (TRnER).

As the errors detected with timer R, normal phase/inverted phase simultaneous active (fault of dead
time controller) are detected as errors in the high-accuracy T-PWM mode, PWM mode with dead time,
and PWM mode. Regarding normal phase/inverted phase simultaneous active errors, following error

occurrence, the error occurrence can be confirmed by reading bit TRNnTBF of the TRnOPT®6 register.

Moreover, detection ON/OFF switching control in each phase (TORn1/TORn2, TORN3/TORNn4, TORN5/

TORNG) is possible using bits TRNTBA2 to TRNnTBAO of the TRnIOC4 register.

The possibility of normal phase/inverted phase simultaneous active error detection in each mode is

indicated below.

Remark:

Mode

Normal Phase/Inverted Phase
Simultaneous Active Detection

Interval mode

X

External event count mode

External trigger pulse output mode

One-shot pulse mode

PWM mode

Free-running mode

Pulse width measurement mode

Triangular wave PWM mode

High-accuracy T-PWM mode

PWM mode with dead time

2| 2| 2| X| X| 2o X| X| X

N Error detection possible
x: Error detection not possible

Figure 10-37: Error Interrupt (INTTRnER) and Error Signal (TRnER) Output Controller

:I)_\_D_‘ TRnTBA[2 1 0]

TORN1
TRnOL1

TORN2
TRnOL2

TORN3
TRnOL3

TORN4
TRnOL4

TORN5
TRnOL5

TORN6
TRnOL6

Output of the error signal (TRnNER) due to normal phase/inverted phase simultaneous active error is

Dol c
1o
—1>7

Error detection TRnEOC

possible mode

TRnCE

active level during detection of normal phase/inverted phase simultaneous active.
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(1) In PWM mode

The case of normal phase/inverted phase simultaneous active in the PWM mode is described
below.

As shown in the figure below, an error interrupt (INTTRnER) is output when the TRnCCR1 and
TRnCCR2 registers are set so that pins TORn1 and TORNn2 simultaneously output “H”. Similarly,
an error interrupt (INTTRnER) is output when the TRnCCR3 and TRnCCR4 registers are set so
that pins TORN3 and TORN4 simultaneously output “H”.

Figure 10-38: Error Interrupt and Error Signal Output Controller in PWM mode

TRNCCRO TRNCCR1
TRnCCR4 / /
TRNCCR1 / / TRnGCR2 / / TRnCCR2 TRnCCR2

TRNCCR TRnCCRS / TRNCCR
TRnCCR2 CR2 TRnCCR1
TRnCCR1 n
TRnCCR3 TRnCCR4 CR3 TRnCCR4
/’(
TORN1 {
'\,\
TORN2 N
TORN3 7/ N
i
Y J
TORN4 N /
R A
INTTRNnER

If the output active level is switched by manipulating TRnlOCO register bits TRnOL1 and TRnOL2,
the following results.

When TRNOL1 =0, When TRnOL1 =1, When TRnOL1 =0, When TRnOL1 =1,
TRnOL2=0 TRnOL2=0 TRnOL2 =1 TRnOL2 = 1

TRnCNMTRnCN':I/I/ TRnCN:I/I/TRnCNM

TORn1_[  L_I TORnf L_T L TORni_] L_I TORni L__[ L.
TORn2_[ L[ TORn2 | L__ [ TORnZ L_I L. TORnZ L_I L
INTTRnER INTTRnER INTTRnER INTTRnER
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()

In triangular wave PWM mode

The case of normal phase/inverted phase simultaneous active in the triangular wave PWM mode
is described below.

As shown in the figure below, an error output (INTTRnER) is output when the TRnCCRO and
TRnCCRT1 registers are set so that pins TORn1 and TORNn2 simultaneously output “H”. Similarly,
an error interrupt (INTTRnER) is output when the TRnCCR3 and TRnCCR4 registers are set so
that pins TORN3 and TORN4 simultaneously output “H”.

Figure 10-39: Error Interrupt and Error Signal Output Controller in triangular wave PWM mode

368

TRnCCR1
TRnCCR4

TRHI-(I;(;m TRNCCR2 TRNnCCR2 TRNCCR1
TRNCCR4 TRNCCR3 TRNCCR3 TRNCCR4

N NN NNV N
TORNT \\‘3)
TORR2 \\~ ___________ } /
TORN3 / T \\\
TORn4 K\ ____________ ’/j
INTTRnER
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(3) In high-accuracy T-PWM mode/PWM mode with dead time

In the high-accuracy T-PWM mode and PWM mode with dead time, no error occurs except when
the dead time setting is “0”. If an error occurs, this is likely due to an internal circuit fault.

Figure 10-40: Error Interrupt and Error Signal Output Controller
in High-Accuracy T-PWM Mode / PWM Mode with Dead Time

Counter
I} A i
TORn2 ‘l vll Ill F
INTTRnER | I | !
P L
TRnTBF ‘L \ /

A glitch may occur during normal phase/inverted phase switching.
The detection flag (TRNnTBF) is not set.

Counter
TORn1 _] [ B —
TORn2 |

INTTRnER (L. D an (D

N —

A glitch may occur during normal phase/inverted phase switching.
The detection flag (TRNTBF) is not set.
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10.10 Operation in Each Mode

10.10.1 Interval timer mode

(1)

Outline of interval timer mode

In the interval timer mode, a compare maich interrupt (INTTRnCCO) occurs and the counter is
cleared upon a match between the setting value of the TRNCCRO register and the counter value.
The occurrence interval for this counter and TRNnCCRO register match interrupt becomes the
interval time.

In the interval timer mode, the counter is cleared only upon a match between the counter and the
value of the TRNnCCRO register. Counter clearing using the TRNnCCR1 to TRnCCRS5 registers is
not performed.

However, the setting values of the TRNCCR1 to TRNCCRS5 registers are compared to the counter
values transferred to the TRNCCR1 to TRNCCRS5 buffer registers and compare match interrupts
(INTTRnCC1 to INTTRNnCCRS5) are output.

The TRnCCRO to TRNCCRS5 registers can be rewritten using the anytime write method, regardless
of the value of bit TRnCE.

Pins TORNO to TORN7 are toggle output controlled when bits TRNOEOQ to TRNnOE7 are set to 1.

Figure 10-41: Basic Operation Flow in Interval Timer Mode

START

Initial settings
«Clock selection
(TRnCTLO: TRNCKS2 to TRNCKSO0)
eInterval mode setting
(TRnCTL1: TRNMD3 to TRnMDO = 0000)
eCompare register setting
(TRnCCRO to TRNCCR5)

Timer operation enable (TRnCE = 1)
—Transfer of TRNCCRO to TRNCCR5
values to TRNCCRO to TRNnCCRS5 buffers

—
i

INTTRNnCC1 to
Match between counter and TRNnCCR1 to _>INTTRnCCS

TRnCCR5 buffer values"®® occurrence

INTTRnCCO
occurrence

Match between counter and _—
TRnCCRO buffer value, counter
clear & start

Note: In the case of a match between the counter and TRNCCR1 to TRNnCCRS5 registers, the counter
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is not cleared.
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&)

Interval timer mode operation list

(a) Compare registers

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Reload Possible Compare value
TRnCCR1 to TRnCCR3 Reload Possible Compare value
TRnCCR4, TRnCCR5 Reload Possible Compare value

(b) Input pins
Pin Function
TIR1m -(m=0to 3)
TTRGR1 -
TEVTR1 -
(c) Output pins
Pin Function
TORNmM Toggle output upon TRNCCRm register compare match (m = 0 to 5)

TORN6, TORN7

(d) Interrupts

Interrupt Function
INTTRNnCCm TRnCCRm register compare match (m = 0 to 5)
INTTRNOV -

INTTRnER -
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Figure 10-42: Basic Timing in Interval Timer Mode (1/2)

(a) When D1>D2>D3, only value of TRnCCRO register is rewritten, TORn0 and TORn1 are not

output (TRNOEO, 1 =0, TRNOLO =0, TRnOL1=1)

FFFFH
D1 i D1 —A—
AL et
Counter D3 D3 D3 _¥
TRnCE |
A
TRnCCRO g D1 D X 2 g
A
TRnCCRH1 g D3 g
INTTRNCCO _l _l _l
INTTRNCCH _l _l _l
A A B
A: Interval time (D1|+ 1) count clgock A: Interval time (D2 +[1) count clock
TORNO Low
TORN1 High
Remarks: 1. D1, D2: Setting values of TRNnCCRO register (0000H to FFFFH)
D3: Setting values of TRNCCR1 register (0000H to FFFFH)
2. |Interval time = (Dm + 1) x (count clock cycle)
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m=1to3,n=0, 1
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Figure 10-42: Basic Timing in Interval Timer Mode (2/2)

(b) When D1 = D2, values of TRNnCCRO and TRnCCR1 registers not rewritten, TORn1 output
performed (TRNOEO, 1 =1, TRNOLO =0, TRnOL1=1)

FFFFH
D1=D2 _ Di=D2 _ Di=D2 __,
Counter
TRnCE |
A
TRnCCRO S D1 S
TRnCCR1 S D2 S
INTTRNCCO
INTTRnCCH |
TORNO
TORN1
Interval time Interval time Interval time
Remarks: 1. D1: Setting value of TRNCCRO register (0000H to FFFFH)
D2: Setting value of TRNCCR1 register (0000H to FFFFH)
2. Interval time = (Dm + 1) x (count clock cycle)
3. TORnNO, TORN1 toggle time = (Dm + 1) x (count clock cycle)

m=1,2,n=0, 1
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10.10.2 External event count mode

(1)

Outline of external event count mode

In the external event count mode, count up starts upon external event input (TEVTRnN pin). (The
external event input (TEVTRN) is used as the count clock, regardless of bit TRnEEE of the
TRnCTLA1 register.)

In the external event count mode, the counter is cleared only upon a match between the counter
and the value of the TRNnCCRO register. Counter clearing using the TRnCCR1 to TRnCCR5
registers is not performed.

However, the values of the TRNnCCR1 to TRnCCRS5 registers are transferred to the TRnCCR1 to
TRnCCR5 buffer registers, compared to the counter value, and compare match interrupts
(INTTRnCC1to INTRNnCCRS5) are output.

The TRnCCRO to TRNnCCRS5 registers can be rewritten with the anytime write method, regardless
of the value of bit TRnCE.

Pins TORNO to TORN7 are toggle output controlled when bits TRNOEOQ to TRNnOE7 are set to 1.
When using only one compare register channel, it is recommended to set the TRNnCCR1 to
TRNCCRS registers to FFFFH.

[External event count operation flow]

<1> TRnCTL1 register bits TRNMD3 to TRnMDO = 0001B (mode setting)
Edge detection set with TRnlOC2 register bits TRnEES1 and TRnEESO (TRnEESH,
TRNEESO = setting other than 00B)

<2> TRnCTLO register bit TRNCE = 1 (count enable)

<3> TEVTRn pin input edge detection (count-up start)

Cautions: 1. In the case of the external event count mode, when the setting value of the

TRnCCRO register is set to m, the number of TEVTRn pin input edge detection
times is m+1.

2. Do not set the value of the TRNCCRO register to 0000H in external event count
mode.

Remark: n=0,1

374
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(a) Compare registers

(2) External event count mode operation list

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Anytime rewrite Possible Compare value
TRnCCR1 to TRNnCCR3 Anytime rewrite Possible Compare value
TRnCCR4, TRNnCCR5 Anytime rewrite Possible Compare value

(b) Input pins
Pin Function
TIR1Tm -(m=0to 3)
TTRGR1 -
TEVTR1 -
(c) Output pins
Pin Function
TORnm Toggle output upon TRNCCRm register compare match (m = 0 to 5)

TORN6, TORN7

(d) Interrupts

Interrupt Function
INTTRNnCCm TRnCCRm register compare match (m = 0 to 5)
INTTRNOV -

INTTRnER -
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Figure 10-43: Basic Operation Timing in External Event Count Mode (1/4)

(a) When D1>D2>D3, only value of TRnCCRO register is rewritten, TORn0 and TORn1
are not output. The signal input from TEVTRn and internally synchronized is counted

FFFFH

Counter

TRnCE

as the count clock (TRNOEO, 1 =0, TRnOLO =0, TRNOL1 =1)

D1 -

D1 A—
/ / DZ/ -
D3 D3 D3 _J

|

A

TRnCCRO S D1 D X 2 S
TRnCCR1 g b3 g

INTTRnCCO

INTTRnCCH1

TORNO

TORN1

Low

High

e JUUUUUURUUUEATRRARAATARARATAAT

Remarks: 1.

376

D1, D2: Setting values of TRNnCCRO register (0000H to FFFFH)
D3: Setting value of TRNCCR1 register (0000H to FFFFH)

Number of event counts = (Dm + 1) (m =1, 2)
n=0,1

User’'s Manual U16580EE2VOUDOO



Chapter 10 16-bit Inverter Timer/Counter R

Figure 10-43: Basic Operation Timing in External Event Count Mode (2/4)

(b) When D1 = D2, TRnCCRO0 and TRnCCR1 register values are not rewritten, TORn0 and TORn1

are output (TRNOEO, 1 =1, TRnOLO =0, TRhOL1 =1)

FFFFH
D1 =D2 D1 =D2 D1 =D2
Counter
TRnCE
N
TRnCCRO <$ D1
TRnCCR1 g D2

INTTRnCCO

INTTRnCC1

TORNO

D —
—_—

TORN1

TEVTRnN

Remarks: 1. D1: Setting value of TRNCCRO register (0000H to FFFFH)
D2: Setting value of TRNCCR1 register (0000H to FFFFH)

2. Number of event counts = (Dm + 1) (m =1, 2)

n=0,1
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Figure 10-43: Basic Operation Timing in External Event Count Mode (3/4)

(c) When D1 = D2, TRNnCCRO and TRnCCR1 register values are not rewritten, TORn0 and TORn1
are output (TRNOEO, 1 =1, TRnOLO = 0, TRhOL1 = 1)

FFFFH
Counter
0000H
TRnCE |
A
TRnCCRO <; 0000H
TRnCCR1 <> 0000H

=

LTI
weer - JUUUUULTUEAL

= SN

Remarks: 1. D1: Setting value of TRNCCRO register (0000H)
D2: Setting value of TRNCCR1 register (0000H)

2. Number of event counts = (Dm + 1) (m =1, 2)
3. n=0,1

Il
Il

INTTRnCCO ——1

[
[

.
.

1

=S5

1
1
fg
1
L —
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Figure 10-43: Basic Operation Timing in External Event Count Mode (4/4)

(d) When D1 = D2, TRnCCRO, TRnCCR1 register values are not rewritten, TORn0 and TORN1 are
output (TRnOEO, 1 =1, TRNnOLO =0, TRnOL1=1)

FFFFH

Counter

0001H

TRnCE I

A

TRnCCRO g 0001H g
TRnCCR1 g 0000H g

ST 80
e L

TORNO

TORN1 L
—

Remarks: 1. D1: Setting value of TRNCCRO register (0001H)
D2: Setting value of TRNCCR1 register (0000H)

2. Number of event counts = (Dm + 1) (m =1, 2)
n=0,1
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10.10.3 External trigger pulse output mode

(1)

Outline of external trigger pulse output mode

When, in the external trigger pulse mode, the duty is set to the TRNnCCR1 to TRnCCR5 registers,
the cycle is set to the TRNCCRO register, and TRnCE = 1 is set, external trigger input (TTRGRn
pin) wait results, with the counter remaining stopped at FFFFH. Upon detection of the valid edge
of external trigger input (TTRGRn pin), or when the TRnEST bit of the TRNnCTL1 register is set,
count up starts. An external trigger pulse is output from pins TORn1 to TORNS5, and toggle output
is performed from pin TORNO upon a match with the TRNnCCRO register. Moreover, during the
count operation, upon a match between the counter and the TRNCCRO register, a compare match
interrupt (INTTRNnCCO) is output, and upon a match between the counter and TRNnCCR1 to
TRnCCRS5 registers, compare match interrupts (INTTRnCC1 to INTTRnCCS5) are output.

The TRNnCCRO to TRnCCRS5 registers can be rewritten during count operation. Compare register
reload is performed at the timing when the counter value and the TRnCCRO register match.
However, when write access to the TRnCCR1 register is performed, the next reload timing
becomes valid, so that even if wishing to rewrite only the value of the TRNnCCRO register, write the
same value to the TRnCCR1 register. In this case, reload is not performed even if only the
TRNCCRO register is rewritten.

If, during operation in the external trigger pulse output mode, the external trigger (TTRGRn pin)
edge is detected several times, or if the TRnEST bit of the TRnCTL1 register is set (to 1), the
counter is cleared and count up is resumed. Moreover, if at this time, the TORn1 to TORN5 pins
are in the low level status, the TORn1 to TORNS pin outputs become high level when an external
trigger is input. If the TORN1 pin is in the high level status, it remains high level even if external
trigger input occurs.

In the external trigger pulse output mode, the TRNCCRO to TRNCCRBS registers have their function
fixed as compare registers, so the capture function cannot be used.

Remark: n=0,1

Caution: In the external trigger pulse mode, set bit TRnEEE of the TRnCTL1 register to 0.
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(2) External trigger pulse output mode operation list

(a) Compare registers

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Reload Possible Cycle
TRnCCR1 to TRNnCCR3 Reload Possible Duty
TRnCCR4, TRnCCR5 Reload Possible Duty

(b) Input pins

Pin Function
TIR1Tm -(m=0to 3)
TTRGR1 Counter clear & start through external trigger input
TEVTR1 Timer count through external event count input

(c) Output pins

Pin Function
TORNO Toggle output upon TRNCCRO register compare match or external trigger input
TORNmM External trigger pulse waveform output (m = 1 to 5)
TORN6, TORN7 -

(d) Interrupts

Interrupt Function
INTTRNnCCm TRnCCRm register compare match (m = 0 to 5)
INTTRNOV -

INTTRnER -
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START

Initial settings

*Clock selection

(TRnCTL1: TRnEEE = 0)

(TRNnCTLO: TRNCKS2 to TRNCKSO0)
eExternal trigger pulse output mode
setting

(TRnCTL1: TRNnMD3 to TRnMDO = 0010)
eCompare register setting

(TRNCCRO to TRNCCR5)

Timer operation enable (TRnCE = 1)
— Transfer of values of TRNCCRO
to TRnCCR5 to buffers TRNCCRO
to TRnCCR5

External trigger (TTRGRn pin) input
— Counter starts counting.

N

Figure 10-44: Basic Operation Flow in External Trigger Pulse Output Mode

External trigger
(TTRGRn pin) input

Counter clear & start

l

Match between counter and
TRnCCR1 to TRNCCR5"*

|

Match between counter and
TRNnCCRO, counter clear & start

|

— ITTRnCC1 to ITTRnCC5 occurrence

———— ITTRnCCO occurrence

Note: The counter is not cleared upon a match between the counter and the TRnCCR1 to TRnCCR5

Remark:

382

buffer register.
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Figure 10-45: Basic Operation Timing in External Trigger Pulse Output Mode

(a) When values of TRNnCCRO and TRnCCR1 registers are rewritten, TORn0 and TORn1 are
output (TRNOEO, 1 =1, TRNnOLO, 1 =0)

FFFFH

Dor 1

Doz _
souner / D12 Z
D11

TRnCE
External trigger A
(TTRGRn pin)

TRnCCRO g Do ‘( Do>
/
A

TRnCCRO QOOOH v Dot v Doz
buffer

TRnCCR1 S D1

> >
|/
5
VAR VA I VA VA

TRNCCR1 §000H
buffer

TORN1
toggle output

TORNO
toggle output

TRnRSF flag

Remarks: 1. DO01, D02: Setting values of TRNCCRO register (0000H to FFFFH)
D11, D12: Setting values of TRNCCR1 register (0000H to FFFFH)

2. TORn1 (PWM) duty = (setting value of TRNCCR1 register) x (count clock cycle)
TORnN1 (PWM) cycle = (setting value of TRNnCCRO register + 1) x (count clock cycle)

3. Pin TORNO is toggled when the counter is cleared immediately following count start.
n=0,1
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10.10.4 One-shot pulse mode

(1) Outline of one-shot pulse mode

When, in the one-shot pulse mode, the duty is set to the TRNCCRO register, the output duty delay
value is set to the TRNCCR1 to TRNCCRS5 registers, and bit TRNCE of the TRnCTLO register is set
to 1, external trigger input (TTRGRn pin) wait results, with the counter remaining stopped at
FFFFH. Upon detection of the valid edge of external trigger input (TTRGRn pin), or when bit
TRNEST of the TRNCTLO register is set to 1, count up starts. The TORn1 to TORN5 pins become
high level upon a match between the counter and TRNnCCR1 to TRnCCR5 registers. Moreover,
upon a match between the counter and TRnCCRO register, the TORn1 to TORN5 pins become low
level, and the counter is cleared to 0000H and then stops. The TORNO pin performs toggle output
during the count operation upon a match between the counter and the TRNnCCRO buffer register.
Moreover, upon a match between the counter and TRNnCCRO register during count operation, a
compare match interrupt (INTTRnCCO) is output, and upon a match between the counter and
TRnCCR1 to TRnCCR5 buffer registers, compare match interrupts (INTTRnCC1 to
INTTRnCCRS5) are output.

The TRNnCCRO and TRNnCCRH1 registers can be rewritten using the anytime write method,
regardless of the value of bit TRnCE.

Even a trigger is input during the counter operation, it is ignored. Be sure to input the second
trigger when the counter is stopped at 0000H.

In the one-shot pulse mode, registers TRNCCRO to TRNCCR3 have their function fixed as
compare registers, so the capture function cannot be used.

[One-shot pulse operation flow]

<1> TRnCTL1 register bits TRNMD3 to TRnMDO = 0011B (One-shot pulse mode)

<2> TRnCCRO register setting (duty setting), TRnIOCO register bit TRNnOE1 = 1
(TORN1 pin output enable)

<3> TRNCTLO register bit TRNCE = 1 (counter operation enable):TORn1 = Low-level output

<4> TRnCTLA1 register bit TRNEST = 1 or TTRGRN pin edge detection (count-up start):
TORN1 = Low-level output

<5> Match between counter value and TRNnCCR1 buffer register: TORn1 = High-level output

<6> Match between counter value and TRnCCRO buffer register: TORn1 = Low-level output,
count clear

<7> Count stop: TORNn1 = Low-level output

<8> TRNCE = 0 (operation reset)

<9> <1>to <2> can be in any order.

Caution: In the one-shot pulse mode, set bit TRNnEEE of the TRnCTL1 register to 0.
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(2) One-shot pulse mode operation list

(a) Compare registers

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Anytime rewrite Possible Cycle
TRnCCR1 to TRNnCCR3 Anytime rewrite Possible Output delay value
TRnCCR4, TRNCCR5 Anytime rewrite Possible Output delay value

(b) Input pins

Pin Function

TIR1Tm -(m=0to 3)

TTRGR1 -

TEVTR1 -

(c) Output pins

Pin Function
TORNO Active at count start, inactive upon TRNnCCRO register match
TORnm Active upon TRNnCCRm register match, inactive upon TRNnCCRO register match
(m=1to5)
TORN6, TORN7 -

(d) Interrupts

Interrupt Function

INTTRnCCm TRnCCRm register compare match

INTTRnOV -

INTTRNER -
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Figure 10-46: Basic Operation Flow in One-Shot Pulse Mode

START

Initial settings

oClock selection

(TRnCTL1: TRnEEE = 0)

(TRnCTLO: TRNCKS2 to TRNCKSO0)
*One-shot pulse mode setting
(TRnCTL1: TRNMD2 to TRNnMDO = 011)
o Compare register setting

(TRNnCCRO to TRNCCR5)

Timer operation enable (TRnCE = 1)
— Transfer of values of TRNCCRO to
TRNCCRS5 to buffers TRNCCRO
to TRNCCR5

Trigger wait status, counter in standby
at FFFFH

External trigger (TTRGRn pin) input,
or TRnEST =1
— Counter starts counting.

l

Trigger wait status, counter in
standby at 0000H

Match between counter and buffers
TRNCCR1 to TRNCCR5"**®

|

Match between counter and buffer
TRNnCCRO, counter clear

|

INTTRnCC1
— "~ toINTTRnCC5
occurrence

INTTRnCCO
occurrence

Note: The counter is not cleared upon a match between the counter and the TRnCCR1 to TRnCCR5

buffer registers.

Caution: The counter is not cleared even if trigger input is realized while the counter counts
up, and the trigger input is ignored.

Remark: n=0,1
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FFFFH

Figure 10-47: Basic Operation Timing in One-Shot Pulse Mode

(a) (TRNOEO, 1 =1, TRNOLO, 1 = 0)

Counter

Note DO — DO 77— DO —
DA D1 / D1 /

TRnCE —

TRnEST

4 I

External trigger
(TTRGRn pin)

TRnCCRO

TRnCCRO

v
buffer 0000H DO

TRnCCR1

TRNCCR1
buffer 0000HX D1

INTTRnCCO

INTTRnCCH1

TORN1
one-shot pulse
output

TORNO

g\ DO
\

g D1

y

Note: Count up starts when the value of TRNEST becomes 1 or TTRGRn is input.

Remarks: 1.

DO: Setting value of TRNCCRO register (0000H to FFFFH)
D1: Setting value of TRNCCR1 register (0000H to FFFFH)

TORN1 (output delay) = (setting value of TRNCCR1 register) x (count clock cycle)
TORN1 (output pulse width) = {(setting value of TRNCCRO register +1) - (setting valu
TRnCCR1 register)} x (count clock cycle)

n=0,1

User’s Manual U16580EE2V0OUDOO

 valnve ERve BR Ve

e of

387



Chapter 10 16-bit Inverter Timer/Counter R

10.10.5 PWM mode

(1)

388

Outline of PWM mode

When, in the PWM mode, the duty is set to the TRnCCR1 to TRnCCRS5 registers, the cycle is set
to the TRNnCCRO register, and TRnCE = 1 is set, variable duty PWM output is performed from pins
TORN1 to TORNS.

Simultaneously with the start of count up operation, pins TORn1 to TORn5 becomes high level,
and upon a match between the counter and the TRnCCR1 to TRnCCRS5 registers, becomes low
level. Next, the TORn1 to TORNS pins become high level upon a match with the TRnCCRO
register. The TORNO pin performs toggle output upon a match with the TRNCCRO buffer register.
During count operation, a compare match interrupt (INTTRnCCO) is output upon a match between
the counter and TRNnCCRO register, and compare maitch interrupts (INTTRnCC1 to INTTRnCC5)
are output upon a match between the counter and TRNnCCR1 to TRNnCCRS5 registers.

The TRNnCCRO to TRnCCRS5 registers can be rewritten during count operation. Compare register
reload occurs upon a match between the counter value and the TRNCCRO buffer register.
However, since the next reload timing becomes valid when the TRnCCR1 register is written to,
write the same value to the TRNCCR1 register even when wishing to rewrite only the value of the
TRNCCRO register. Reloading is not performed if only the TRNCCRO register is rewritten.

In the PWM mode, the TRNCCRO to TRNCCRS registers have their function fixed as compare
registers, so the capture function cannot be used.
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(2) PWM mode operation list

(a) Compare register

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Reload Possible Cycle
TRnCCR1 to TRNnCCR3 Reload Possible Duty
TRnCCR4, TRnCCR5 Reload Possible Duty

(b) Input pins
Pin Function
TIR1Tm -(m=0to 3)
TTRGR1 -
TEVTR1 -
(c) Output pins
Pin Function
TORNO Toggle output upon TRNCCRO register compare match
TORNmM PWM output upon TRNCCRm register compare match (m =1 to 5)
TORN6 -
TORN7 Pulse output through A/D conversion trigger

(d) Interrupts

Interrupt Function
INTTRNnCCm TRnCCRm register compare match
INTTRnOV -

INTTRnER Error
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Figure 10-48: Basic Operation Mode in PWM Mode (1/2)

(a) When values of TRNCCRO to TRNnCCR5 registers are rewritten during timer operation

START

Initial settings

« Clock selection

(TRnCTLO: TRNCKS2 to TRNCKSO0)
« PWM mode setting

(TRnCTL1: TRNnMD3 to TRnMDO = 0100)
« Compare register setting

(TRNCCRO to TRNCCR5)

Timer operation enable
- Transfer of value of
TRnCCRm to TRNnCCRm buffer

TORN1 to TORNS output low level | ——= T TENCCT 10 INTTRNGCS

upon a match between counter and
TRnCCR1 to TRNCCR5 bffers.

Upon a match between counter INTTRnCCO occurrence
and TRnCCRO buffer, counter clear
& start, and TORn1 to TORNn5

output high level.

|

Remark: n=0,1
m=0to5
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(b) When values of TRNCCRO to TRNnCCRY5 registers are rewritten during timer operation

Note: Regarding the sequence, the timing of <2> may differ depending on the <1> or <3> rewrite

Figure 10-48: Basic Operation Flow in PWM Mode (2/2)

START

Initial settings

« Clock selection

(TRnCTIO: TRNCKS2 to TRNCKSO0)
*«PWM mode setting

(TRnCTI1: TRNMD3 to TRnMDO = 0100
« Compare register setting

(TRNCCRO to TRNCCR5)

Timer operation enable (TRnCE = 1)
- Transfer of value of TRNCCRm to
TRNCCRm buffer

Upon a match between counter and
TRnCCR1 to TRnCCR5, TORn1 to
TORNS5 output low level

Upon a match between
counter and TRNnCCRO, counter
clear & start, and TORn1 to
TORN5 output high level.

TRnCCRO rewrite

|

Upon a match between counter
and TRNnCCR1 to TRNnCCRS5 buffers,
TORN1 to TORN5 output low level.

TRnCCR1 rewrite

« Match between TRNCCRO buffer and
counter

« Counter clear & start

» Value of TRNCCRm is reloaded to
CCRm buffer.

INTTRnCCH
to INTTRnCC5
occurrence

INTTRnCCO

<1>

<2>

<3>

>

occurrence

INTTRnCC1

— to INTTRnCC5

Note

occurrence

Reload
enable

INTTRnCCO
occurrence

timing, the value of the TRNnCCR1 register, etc., but of <1> and <3>, always make <3> the last.

Remark:

n=0,1
m=0to5
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Figure 10-49: Basic Operation Timing in PWM Mode (1/2)

(a) When only value of TRnCCR1 is rewritten, and TORn0 and TORn1 are output
(TRNOEO, 1 =1, TRNOLO, 1 =0)

FFFFH
Doo Doo Doo Doo
i i D11 /- [
Counter D1o D1o
D12
TRnCE I
A
TRNCCRO X Boo S
TRnCoR0 (= ) | [ ] \
buf?er SOOOOF Doo
TRNCCR1 X Do Qi1 X Qe X S
TRNCCRA A \ | | [\ AN [ \__| JAN
buf?er g)OOOI- D1o i D11 v D12 D13
TORN1
TORNO
TRnRSF flag

Remarks: 1. DO0O0: Setting value of TRNnCCRO register (0000H to FFFFH)
D10, D11, D12, D13: Setting values of TRNCCR1 register (0000H to FFFFH)

2. TORn1 (PWM) duty = (setting value of TRNCCR1 register) x (count clock cycle)
TORnN1 (PWM) cycle = (setting value of TRNCCRO register + 1) x (count clock cycle)
TORNO is toggled immediately following counter start and at (setting value of TRnCCRO
register + 1) x (count clock cycle)

3. n=0,1

392 User's Manual U16580EE2VOUDOO



Chapter 10 16-bit Inverter Timer/Counter R

Figure 10-49: Basic Operation Timing in PWM Mode (2/2)

(b) When values of TRNCCRO and TRnCCR1 register are rewritten, TORn0 and TORn1
are output (TRNOEO, 1 =1, TRnOLO, 1 =0)

FFFFH
Doo A~
Dot B Do A~ Doz

Counter D11 D11 D12/

D1o
TRnCE

/A

TRnCCRO & Doo X Doy X Doz \X Do \g

Y A (Y 2 T o] | P
TRnCCRO 0000H * Doo * Do * Doz Do
buffer

;—Write same value

TRnCCR1 g N Do X D11 X D12 D12 g

' A 1) \ \ AN A \

Note
gﬁf?gcm 0000H D1o v D11 v D12 D1
\ \ \ \

TORN1
TORNO
TRnRSF flag |_

Note: The TRnCCR1 register was not written to, so transfer to the TRnCCRO buffer register was not
performed. Held until the next reload timing.

Remarks: 1.

D00, D01, D02, D03: Setting values of TRNCCRO register (0000H to FFFFH)
D10, D11, D12, D13: Setting values of TRNCCR1 register (0000H to FFFFH)

The TORNO and TORN1 pins become high level at timer count start.

n=0,1
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10.10.6 Free-running mode

(1) Outline of free-running mode

The operation timing of the free-running mode is shown below.
The operation for bits TRNCCSO0 to TRNCCS3 of register TRNOPTO is specified.

Figure 10-50: Basic Operation Flow in Free-Running Mode

START

Initial settings

«Clock selection

(TRnCTLO: TRNCKS2 to TRNCKSO0)

« Free-running mode setting

(TRnCTL1: TRNMD3 to TRNMDO = 0101),

TRnCCS1, TRnCCSO
settings

TRnCCS1 =0 TRnCCS1=0 TRnCCS1 =1 TRnCCS1 =1
TRNCCSO0 = 0 TRnCCS0=0 TRnCCSO = 1 TRNCCSO = 1
Timer operation enable TIRNO edge detection TIRn1 edge detection TIRn1 and TIRNO edge
(TRnCE =1) settings settings detection settings
(TRnIS1, TRnIS0) (TRnIS3, TRnIS2) 9
- Transfer of values of [ (TRnIS3, TRNIS2)
TRnCCRO and Timer operation enable [
TRnCCR1 to TRNCCRO TRNCE = 1 Timer operation enable . )
and TRNCCR1 buffers (TRnCE = 1) (TRNGE = 1) Timer operation enable
- Transfer of value of - (TRnCE = 1)
TRnCCR1 to TRNCCRH1 - Transfer of value of
buffer TRnCCRO to TRNCCRO
buffer TIRNn1 edge
Match between detection, capture
TRnCCR1 buffer of counter value
and counter Match between to TRNnCCR1
cC i TIRn1 edge
| TRnCCR1 buffer detection, capture
and counter of counter value TIRNO edge
to TRNCCR1 detection, capture
Match between | | of counter value
TRnCCRO buffer to TRNnCCRO
and counter TIRNO edge Match between |
detection, capiure TRNCCR1 buffer
of counter value
| to TRNCCRO and counter Counter overflow
Counter overflow | |
Counter overflow Counter overflow
L ] L ]

Remarks: 1. This is an example when using the TRNCCRO and TRnCCR1 registers. When using the

TRnCCR2 and TRnCCRBS registers, the operation is controlled in the same manner via
bits TRNCCS3 and TRnCCS2.

2. n=0,1
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(a) Compare registers

(2) Free-running mode operation list

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Anytime rewrite Possible Compare value
TRnCCR1 to TRNnCCR3 Anytime rewrite Possible Compare value
TRnCCR4, TRNnCCR5 Anytime rewrite Possible Compare value

(b) Input pins
Pin Function
TIR1Tm -(m=0to 3)
TTRGR1 -
TEVTR1 -
(c) Output pins
Pin Function
TORnm Toggle output upon TRNCCRm register compare match (m = 0 to 5)

TORN6, TORN7

(d) Interrupts

Interrupt Function
INTTRNnCCm TRnCCRm register compare match (m = 0 to 5)
INTTRNOV Overflow
INTTRnER -
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©)

396

Compare function (TRNCCS1 = 0, TRNCCSO0 = 0)

When TRnCTLO register bit TRNCE is set to 1, the counter counts from 0000H to FFFFH. An
overflow interrupt (INTTRnOV) is output when the counter value changes from FFFFH to 0000H,
and the counter is cleared. The count operation is performed in the free-running mode until
TRnCE = 0 is set. Moreover, during count operation, a compare match interrupt (INTTRnCCO) is
output upon a match between the counter and TRNCCRO buffer register, and a compare match
interrupt (INTTRnCC1) is output upon a match between the counter and TRnCCR1 buffer register.
The TRNnCCRO and TRnCCR1 registers can be rewritten using the anytime write method,
regardless of the value of the TRnCE bit.

The TORNO and TORN1 pins are toggle output controlled when bits register TRNOEO and TRnOE1
of the TRnIOCO register are setto 1.
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Figure 10-51: Basic Operation Timing in Free-Running Mode (Compare Function)

When values of TRNnCCRO and TRnCCR1 registers are rewritten, TORn0, TORN1 are output
(TRNOEO, 1 =1, TRNOLO, 1 =0)

FFFFH

A\

D11

D11Z

Doo Doo
Counter /
y

TRnCE I

A

TRnCCRO S N Doo X Do S

TRNCCRO 0oH\V¥
TRnC OOOOHX Do N Dor S

INTTRnCCO

TRnCCR1 S D1o

> o><
o
Va

-__

TRnCCR1 0000H>(¢ Do
buffer —

><

INTTRnCC1

TORNO |

TORnN1 | |

INTTRNnOV

TRnOVF | | I |

VAN VAN
TRNOVF 0 write clear TRNOVF 0 write clear

Remarks: 1. D00, DO1: Setting values of TRNCCRO register (0000H to FFFFH)
D10, D11: Setting values of TRNCCR1 register (0000H to FFFFH)

TORNO (toggle) width = (setting value of TRNCCRO register + 1) x (count clock cycle)
TORN1 (toggle) width = (setting value of TRNCCR1 register + 1) x (count clock cycle)
Pins TORNO and TORNn1 become high level at count start.

n=0,1

a e DN
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(4) Capture function (TRNCCS1 =1, TRNCCSO0 = 1)

When TRnCTLO register bit TRNCE is set to 1, the counter counts from 0000H to FFFFH. An
overflow interrupt (INTTRnOV) is output when the value of the counter changes from FFFFH to
0000H, and the counter is cleared. The count operation is performed in the free-running mode
untii TRNCE = 0 is set. When, during count operation, the counter value is captured to the
TRnCCRO and TRnCCR1 registers through detection of the valid edge of capture input (TIRn1,
TIRNO), a capture interrupt (INTTRnCCO, INTTRnCC1) is output.

Regarding capture in the vicinity of overflow (FFFFH), judgment is possible with the overflow flag
(TRnOVF). However, judgment with the TRnOVF flag is not possible when the capture trigger
interval is such that it includes two overflow occurrences (2 or more free-running cycles).

Figure 10-52: Basic Operation Timing in Free-Running Mode (Capture Function)

When TORNnO, TORN1 are not output (TRNOEO, 1 = 0, TRNnOLO, 1 =0)

FFFFH
D1o
Doz

Dog Dot

Counter D11 /
‘ D03,7<f//7

tnce | \

A
TIRNO
A A A A \
TRnCCRO S 0000H Doo Do Doz Dos S
TIRn1
v v v
TRNnCCR1 S 0000H D1o D11 D12 S

Remarks: 1. D00, DO1: Values captured to TRNnCCRO register (0000H to FFFFH)
D10, D11: Values captured to TRNCCR1 register (0000H to FFFFH)

2. TIRNO: Setting to rising edge detection (TRNIOC1 register bits TRnIS1, TRnISO = 01)
TIRn1: Setting to falling edge detection (TRnIOC1 register bits TRnIS3, TRNIS2 = 10)

3. n=0,1
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(5) Compare/capture function (TRNCCS1 =0, TRNCCS0 =1)

When TRnCTLO register bit TRNCE is set to 1, the counter counts from 0000H to FFFFH, an
overflow interrupt (INTTRnOV) is output when the value of the counter changes from FFFFH to
0000H, and the counter is cleared. The count operation is performed in the free-running mode
until TRNCE = 0 is set. The TRNCCR1 register is used as a compare register, and as the interval
function upon a match between the counter and TRNCCR1 register, a compare match interrupt
(INTTRnCC1) is output. Since the TRNCCRO register is set to the capture function, the TORNO pin
cannot be controlled even when TRnlOCO register bit TRnOEQ is set to 1.

Figure 10-53: Basic Operation Timing in Free-Running Mode (Compare/Capture Function)

When value of TRNCCR1 is rewritten, TORn0, TORNn1 are output (TRNOEO, 1 =1, TRNnOLO, 1 =0)

FFFFH

Counter

TRnCE

A

TIRNO

D1o

Doo

d

———

Do3

D12/

]

TRnCCRO g

0000H

Doz

Do3g

INTTRnCCO

capture interrupt

TRNCCRH1 S \ Dw X\ X\ D S
N (o N T ] (o 1]

buffer 0(&4 v Do X v D11 X v D12 S
INTTRnCC1

Match interrupt

INTTRROV

overflow interrupt A A

TORNO Low

ToRn1 L I

Remarks: 1. D00, DO1: Setting values of TRNCCR1 register (0000H to FFFFH)
D10, D11, D12, D13, D14, D15: Values captured to TRNnCCRO register (0000H to
FFFFH)
2. TIRNO: Setting to rising edge detection (TRnIOC1 register bits TtnIS1, TinISO = 11)

n=0,1
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(6) Overflow flag

When, in the free-running mode, the counter overflows from FFFFH to 0000H, the overflow flag
(TRNOVF) is set to “17, and an overflow interrupt (INTTRnOV) is output.

The overflow flag is cleared through 0 write from the CPU.

(The overflow flag is not cleared by just being read.)

10.10.7 Pulse width measurement mode

(1) Outline of pulse width measurement mode

In the pulse width measurement mode, counting is performed in the free-running mode. The
counter value is saved to the TRnCCRO register, and the counter is cleared to 0000H. As a result,
the external input pulse width can be measured. However, when measuring a long pulse width that
exceeds counter overflow, perform judgment with the overflow flag. Measurement of pulses during
which overflow occurs twice or more is not possible, so adjust the counter's operating frequency.
Even in the case of TIRn1 to TIRN3 pin edge detection, pulse width measurement can be similarly
performed by using the TRNCCR1 to TRnCCRB3 registers.

Figure 10-54: Basic Operation Timing in Pulse Width Measurement Mode

(TRNnOEO, 1 =0, TRNOLO, 1=0)

FFFFH FFFFH

Do1
Do2 Dos

Counter Doo| [— B(

=
Iy

H’/

TRNCCRO S 0000H Doo Dot Doz Dosg
INTTRNnCCO
TRnOVF
AN
Cleared through 0
INTTRNOV write from CPU

Remarks: 1. D00, D01, D02, D03: Values captured to TRNnCCRO register (0000H to FFFFH)

2. TIRNO: Setting to rising edge/falling edge (both edges) detection (TRnIOC1 register
bits TtnIS1, TtnISO = 11)

3. n=1
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(2) Pulse width measurement mode operation list

(a) Compare register

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Anytime rewrite Possible Compare value
TRnCCR1 to TRNnCCR3 Anytime rewrite Possible Compare value
TRnCCR4, TRNnCCR5 Anytime rewrite Possible Compare value

(b) Input pins

Pin Function
TIRTmM Input capture trigger, transfer counter value to TR1CCRm register (m = 0 to 3)
TTRGR1 -
TEVTR1 -

(c) Output pins

Pin Function

TORNO to TORN5 -

TORN6, TORN7 -

(d) Interrupts

Interrupt Function

INTTRNnCCm TIR1m capture (m=0to 3)

INTTRNCC4, -
INTTRnCC5

INTTRNOV Overflow

INTTRNER -
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10.10.8 Triangular wave PWM mode

(1)

Outline of triangular wave PWM mode

In the triangular wave PWM mode, similarly to in the PWM mode, when the duty is set to the
TRnCCR1 to TRNCCRS5 registers, the cycle is set to the TRNCCRO register, and TRnCE = 1 is set,
variable duty and cycle type triangular wave PWM output is performed from pins TORn1 to
TORnNS5. The TORNO pin is toggle output upon a match with the TRNCCRO buffer register and upon
counter underflow. Upon a match between the counter and TRNnCCRO register during count
operation, compare match interrupts (INTTRnNCCO to INTTRnCC5) are output, and upon a maich
between the counter and TRnCCR1 to TRnCCRS5 registers, a compare maich interrupt
(INTTRnCCH1) is output. Moreover, upon counter underflow, an overflow interrupt (INTTRnQV) is
output.

The TRNnCCRO to TRNnCCRS5 registers can be rewritten during count operation. Compare register
reload occurs upon a match between the counter value and the TRNCCRO buffer register.
However, since the next reload timing becomes valid when the TRnCCR1 register is written to,
write the same value to the TRNCCR1 register even when wishing to rewrite only the value of the
TRNnCCRO register. Reloading is not performed if only the TRNnCCRO register is rewritten. The
reload timing is the underflow timing.

In the triangular wave PWM mode, the TRNCCRO to TRNnCCRBS registers have their function fixed
as compare registers, so the capture function cannot be used.

Remark: In the triangular wave PWM mode, set the TRNCCRO register to a value of

402

0 <TRnCCRO <FFFEH.
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(2) Triangular wave PWM mode operation list

(a) Compare registers

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Reload Possible 1/2 of cycle
TRnCCR1 to TRNnCCR3 Reload Possible 1/2 of duty
TRnCCR4, TRNnCCR5 Reload Possible 1/2 of duty

(b) Input pins

Pin Function

TIR1Tm -(m=0to 3)

TTRGR1 -

TEVTR1 -

(c) Output pins

Pin Function
TORNO Inactive during counter up count, active during down count
TORNmM PWM output upon TRNCCRm register compare match (m =0 to 5)
TORN6 -
TORN7 Pulse output through A/D conversion trigger

(d) Interrupts

Interrupt Function
INTTRNnCCm TRnCCRm register compare match (m = 0 to 5)
INTTRnOV -

INTTRnER Error
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Figure 10-55: Basic Operation Timing in Triangular Wave PWM Mode

When TORNnO, TORN1 are output (TRNOEO, 1 =1, TRNOLO, 1 = 0)

FFFFH FFFFH
Doo Doo Doo
Counter

W T N N

YA\
TRnCCRO SOOOOHX Doo

TRnCCR1 SOOOOHX Do S

INTTRNnCCO

INTTRnCC1 Jﬂ JH

INTTRNnOV _l

TRnCE

TORNO

TORN1

Remark: n=0,1
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10.10.9 High-accuracy T-PWM mode

(1) Outline of high-accuracy T-PWM mode

The high-accuracy T-PWM mode generates 6-phase PWM using four 16-bit counters (up/down,
12 counts, 15 real bits) and 16-bit compare registers (LSB = additional pulse control).

The carrier wave cycle calculated with “TRNnCCRO-TRnDTCO-TRnDTC1” is set to the TRNnCCRO
register. The duty of the U phase, V phase, and W phase voltage data signal is set with the
TRnCCR1 to TRNCCRS registers. The dead time is set with the TRnDTCO and TRnDTCH1
registers, and the TRnDTCO register can be used to set the inverted phase (OFF) —normal
phase (ON) dead time, while the TRNnDTC1 register can be used to set the normal phase

(OFF) —inverted phase (ON) dead time.

The counter operation consists in performing up count with the TRnDTCO register value as the
minimum value, and upon a match with the maximum value indicated by “TRnCCRO-TRnDTC1”,
performing down count.

The 10-bit counters for dead time generation (TRNnDTT1 to TRnDTT3) load the setting values of
the TRNDTCO and TRnDTC1 registers upon a match between the counter and the TRnCCR1 to
TRnCCRS registers, and perform down-count.

Upon a match between the 16-bit counter and the TRNCCR1 to TRnCCRS registers, INTTRnCC1
to INTTRnCCS3, which are used as the respective compare match interrupt signals, are output. (In
the 0% output vicinity and 100% output vicinity, no interrupt signal may be output.)

Figure 10-56: High-Accuracy T-PWM Mode Block Diagram

> TRnCNT Load _ TRnSBC
(16-bit up/down counter - 2) v (16-bit up/down counter - 2) ~
UD | 4 H H uD
Selo 1 Selt
| TRADTCO | [ SEL | [ TRnCCRObuffer |
TRnTOS
[TRnCCRO-TRnDTCH] > INTTRNOD (valley interrupt) [_000OH
L » INTTRnCDO (peak interrupt) - TORNO

' ‘@ :@—> TORI’]1(U)

A Load
(TR ——~T02}— TORNn2(T)

|TRnCCR1 (U phase output data)| >

Y TRNDTT2 | .| 103 > TORN3(V)

A Load
22 ——{[TRnDTT5 }——>{ 104 TORN4(V)

|TRnCCR2 (V phase output data)| >

A
A

Load »[TRNDTT6 |—» —
|TRnCCR3 (W phase output datai : njr TO6 TORNB(W)

TRnDTCO TRnDTCH1
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(2) High-accuracy T-PWM mode operation list

(a) Compare registers

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Reload, Possible Cycle
Anytime rewrite
TRnCCR1 to TRNnCCR3 Reload, Possible PWM duty
Anytime rewrite
TRnCCR4, TRnCCR5 Reload, Possible PWM duty (selectable as
Anytime rewrite A/D conversion trigger)

(b) Input pins

Pin Function

TIRTm -(m=0to 3)

TTRGR1 -

TEVTRI -

(c) Output Pins

Pin Function
TORNO Inactive during counter or sub-counter up count, active during down count
TORnN1 PWM output upon TRNCCR1 compare match (with dead time)
TORN2 Inverted output to TORN1
TORN3 PWM output upon TRNCCR2 compare match (with dead time)
TORN4 Inverted output to TORN3
TORN5 PWM output upon TRNCCR3 compare match (with dead time)
TORN6 Inverted output to TORN5
TORN7 Pulse output through A/D conversion trigger

(d) Interrupts

Interrupt Function
INTTRnCCRO INTTRNCCRO compare matchNote 1
INTTRNnCC1 to TRnCCR1 to TRNCCR5 compare match
INTTRnCC5
INTTRnOV OverflowNote 2
INTTRnER Error
INTTRnOD Through interrupt
INTTRnCD Peak interrupt

Notes: 1. Only when TRnDTC1 = 000H
2. When TRnCCRO, TRnDTCO, and TRnDTC1 registers are incorrectly set.
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(8) High-accuracy T-PWM mode settings

(a) Mode settings

The high-accuracy T-PWM mode is selected by setting TRnCTL1 register bits TRnMD4 to
0 = 1000B.

(b) Output level/output enable settings

Set bits TRNOLO-TRnOL7 and TRNOEO-TRNOE7 of the TRnIOCO, TRnIOC3 registers, to enable
output level/output enable.

Pin TORNO indicates the counter’s and sub-counter’s up count/down count status. The counter/
sub-counter can be switched with TRNnOPT7 register bit TRNnTOR.

Pin TORN7 is the external A/D conversion output pin. Set this pin as required.

(c) Error interrupt output enable

Set error interrupt output enable upon detection of normal phase/inverted phase simultaneous
active. Error interrupt output is enabled by setting TRnlOC4 register bit TRNEOC to “1”. In the
high-accuracy T-PWM mode, when the dead time setting is other than “000H”, the error interrupt
(INTTRnER) never goes active, regardless of which value the TRNCCRO to TRNnCCRS3 registers
are set. However, an error may be detected upon the occurrence of a timer Rn internal circuit fault.
If the dead time setting is “000H”, a glitch may occur upon occurrence of an error interrupt
(INTTRnER) at the normal phase and inverted phase switch timing.

(d) Rewrite timing for registers with reload function

Batch rewrite/anytime rewrite can be set for registers with the reload function. This setting is
performed with TRNOPTO register bit RnCMS. (The default is “0” batch rewrite). To perform batch
rewrite, be sure to set TRNOPT1 register bit TRnICE or TRnIOE.

(If bit TRnICE and bit TRnIOE are both “0”, the reload timing does not occur.)

If anytime rewrite is selected, unintended output may occur depending on the rewrite timing.
(When using the anytime rewrite function, refer to cautions (a) to (¢) in 10.4.2 (1) Anytime
rewrite.)

(e) Interrupt and thinning out function settings

The interrupt and thinning out function settings are performed with the TRnOPT1 register. If a
peak interrupt (INTTRNnCD) is required, set bit TRnICE to 1. If a valley interrupt (INTTRnOD) is
required, set bit TRnIOE to 1. To use the thinning out function for peak/valley interrupts, perform
settings with the TRnID4 to TRnIDO registers.

(f) Reload thinning out function setting

To set the reload timing to the same timing as the interrupt timing, set TRNOPT1 register bit
TRnRDE to 1.
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(g9) A/D conversion trigger output settings

To set A/D conversion trigger 0 (TRNADTRGO signal), set TRNnOPT2 register bits TRnATO05 to
TRNATOO.

With bits TRNATO05 to TRnATO00, peak interrupt (INTTRnCD) and valley interrupt (INTTRnOD) ena-
ble/disable is performed at the TRNnCCR5 register match timing (counter up count/down count),
and the TRNCCR4 register match timing (counter up count/down count).

To set A/D conversion trigger 1 (TRNADTRG1 signal), set TRNnOPT3 register bits TRnAT15 to
TRNnAT10.

With bits TRnAT15 to TRnAT10, peak interrupt (INTTRnCD) and valley interrupt (INTTRnOD) ena-
ble/disable is performed at the TRNnCCR5 register match timing (counter up count/down count),
and TRnCCR4 register match timing (counter up count/down count). Set the TRnCCR4 and
TRNnCCRS registers’ compare values.

For the TRNADTRGO and TRnADTRG1 signals, also perform the thinning out function setting.

Caution: To use the TORN7 pin, correctly perform the TRNOPT2 and TRnOPTS3 register and the

408

TRnCCR4 and TRNnCCR5 register settings.

(h) Dead time settings

The dead time settings are performed with the TRNDTCO and TRnDTC1 registers.

The dead time can be obtained with counter operation clock cycle (P) x TRnDTCO, TRnDTC1.
The time until TORn2,TORN4,TORN6 pin inactive change — TORN1,TORN3,TORN5 pin active
change can be set with the TRnDTCO register.

The time until TORNn1,TORN3,TORN5 pin inactive change —TORN2,TORN4,TORN6 pin active
change can be set with the TRnDTC1 register.

(i) Carrier wave cycle
For the carrier wave cycle, set the TRnCCRO register using the following equation.
TRnCCRO = (carrier wave cycle/ counter operation clock cycle) + TRnDTC1 + TRnDTCO

For the setting value of the TRNCCRO register, meet the following conditions keeping in mind the
dead time.

TRnCCRO > 3 x MAX (TRnDTCO, TRNnDTC1) + MIN (TRnDTCO, TRNDTC1)
TRnCCRO <FFFEH

(MAX(A,B) indicates the larger value of A and B, and MIN(A,B) indicates the smaller value of A
and B.)

(j) Duty (PWM width) setting

For the duty setting, perform the U phase, V phase, and W phase settings with the TRnCCR1 to

TRNnCCRS registers. The setting range of the TRNnCCR1 to TRNnCCRS3 registers is 0000H <
TRnCCR1, TRNnCCR2, TRNCCR3 <TRNnCCRO + 1. Do not set TRNCCRO + 2 < TRnCCR1,

TRnCCR2, TRnCCRa3.

LSB (Least Significant Bit) of the TRNCCR1 to TRNCCRS3 registers means the additional pulse

setting. For example, if TRNCCR1 = 0003H is set, compare to when TRNnCCR1 = 0002H is set, the

inverted phase (pin TORN2) change is an 1-count clock delay (during counter up count).
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(4) Counter operation in high-accuracy T-PWM mode
At initial value FFFEH, the TRNnDTCO value is loaded to the counter immediately after TRnCE = 1
is set, and the counter counts up in +2 steps. Then, upon a match with TRnCCRO to TRnDTC1,
the counter counts down in -2 steps. The counter operation is as follows.

Figure 10-57: Counter Operation in High-Accuracy T-PWM Mode

FFFEH

TRnCCRO

TRnCCRO-

TRnDTC1

TRnDTCO

0000H

TRnCE =“1"

TRnCNT

Remark: Minimum counter value: TRnDTCO
Maximum counter value: TRnCCRO - TRnDTC1
Carrier wave cycle:

(TRNCCRO-TRNDTCO-TRNDTC1) x count clock cycle

At initial value FFFEH, the value of TRnDTCO register is loaded to the sub-counter immediately
after TRNCE = 1 is set. Then, until a match with 0000H, the sub-counter counts down in -2 steps,
and the counter value is loaded to the sub-counter at the counter’'s up count —-down count switch
timing. The TRnDTCO register goes on counting up, and upon a match with the TRNnCCRO
register, starts counting down in -2 steps. At the same time, upon a match between the counter
and the TRnDTCO register, the counter value is loaded and down count is continued.

The sub-counter operation is as follows.

Figure 10-58: Sub-Counter Operation in High-Accuracy T-PWM Mode

FFFEH

TRnCCRO

TRnCCRO-
TRnDTC1

TRnDTCO

0000H

TRNCE =*“1”

Load

Load
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(5) Basic operation in high-accuracy T-PWM mode

The Figure 10-59 shows the timing chart when TRNnCCRO = 0010H, TRnDTCO = 0002H,
TRnDTC1 = 0004H, and the TRnCCR1 register is set from 0000H to 0010H (one part only
shown). In this example, TRNnOL6 to TRnOL1 = 000000B is set.

If TRNCCR1 > TRnDTCO, pin TORN2 changes with the following compare match.

Since TRNCCR1 = (TRnDTCO0-0001H) is an additional pulse, compared to when

TRnCCR1 = (TRnDTCO - 0002H), pin TORN2 changes with an 1 count clock delay.

Figure 10-59: Timer Output Example When TRnCE = 1 Is Set (Initial)
(High-Accuracy T-PWM Mode)
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[TRNCCR1=0000H] : i i @
TORnN1 : f : : l
TORN2 .
[TRNnCCR1 = 0001 H] HEE
TORN1 : : I
TORnN2 _I_'_'_[ :
[TRNCCR1 = OOO2H] I
TORn1 __: R
TORN2 _I__[

[TRNCCR1 = 0004H]
TORn1 :

TORn2 —j l
[TRNCCR1 = oog)sH] :
TORN1 : : : :
eI e e e D
[TRNCCR1 = 000AH]: @ i i
TORn1 «97: i & i i i i1 i1 1%
Tore — I+ & ¢ & & L4 eTe
[TRNCCR1=006CH]: & & & & & & & i i i
TORn1 “L”: : : : : : : : : : : : :
ToRng [T e

. 002H (for dead tlme settlng) . - . . |

004H (for dead tlme setting) |

-

S Too f

4

tTot ¢

Remarks: 1.
2.
3.
410

[TRNCCR1 = 006EH] |

TORN1

e

TORn2 __|
=0010H]

[TRNCCR1

E' Tsi: ‘—'—'—

TORN1

TORn2 __]

TRnCCRO = 0010H, TRNnDTCO = 0002H, TRnDTC1 = 0004H

TDO: Time depends on dead time setting of TRnDTCO register
TD1: Time depends on dead time setting of TRnDTC1 register
TS1: Time is determined through sub-counter compare, when

sub-counter value > counter value
n=0,1
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The Figure 10-60 shows the timing chart when TRnCCRO = 0010H, TRnDTCO = 0002H,
TRnDTC1 = 0004H, and the TRnCCR1 register is set from 0000H to 0010H (one part only
shown). In this example, TRnOL6 to TRnOL1 = 000000B is set.

As can be seen in this figure, a normal phase (pin TORn1) that is active (high level) is output when
0000H <TRnCCR1 TRnCCRO - TRnDTCO + 0001H).

Also, the inverted phase (pin TORNO) that is active (high level) is output when

(TRnDTCO + TRNnDTC1) < TRNnCCR1 <TRnCCRO.

Figure 10-60: Timer Output Example During Operation (High-Accuracy T-PWM Mode)

Counter [ooo4|oooz|ooo4{oooe|oooa{000A]oooc1000A|ooos]oooe[0004]oooz]ooo4{oooe]
Sub-counter [OOOC]000A|000q0002]0004{0006[0008[000E]0010[000E[000C[000A]0000]0002]

TRnCE [+ & & i & & i & i i i ¢
TRnCUF I S S S S R S S-S S I S S
LISV S N S NS S S NS p s s
TRnccrO [ OO10H {for cycle settlng) ]
TRnDTCO | 002H (for dead t|me settlng): |
TRnDTC1 | __ 004H (fordead timesetting) |

[TRNnCCR1 = OOG)OH] :
TORm__._I
TORn2 L” : e

[TRNCCR1 = 00D1H]: oo I ool
TORm____I I .
TORn2 L : S S S SRS S S N

[TRNCCR1 = 0002H] : R R T
TORN2 L~ P R - - R S P

[TRnCCR1 = OOO4H] : R S R S S S R
TORn1 __: oot =+ & &+ &+ &+ |+
TORN2 __: 1_1 R S S S NS S S SR S

[TRNCCR1 = 0098H] : : : : : : : : : : :
TORn1 __t I . i T N A
owe T

[TRNCCR1 = OOOAH] : -
TORn1 “L”: : : : : : : : :
NS N o e e I T N s

[TRNCCR1=00bCH: i & | i P P
TORn1 “L7: G
TORn2 % |

[TRNCCR1 = 000EH] |
G0} [ S S S S S S S SN S
ToRnz i [ : © : ki

[TRNCCR1=0030H]: ¢ & &1 & & & & i
TORn1 __+ G
TORn2 __:__ |

:Tp1 ¢

serspmebdesiaaanas
[N NS T

Remarks: 1. TRnCCRO = 0010H, TRnDTCO = 0002H, TRnDTC1 = 0004H

2. TDO: Time depends on dead time setting of TRNnDTCO register
TD1: Time depends on dead time setting of TRNDTC1 register
TSO0: Time is determined through sub-counter compare, when
sub-counter value < counter value
TS1: Time is determined through sub-counter compare, when
sub-counter value > counter value

3. n=0,1
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(6) Additional pulse control in high-accuracy T-PWM mode

In the high-accuracy T-PWM mode, additional pulse can be set by setting the LSB of the duty
setting registers (TRNCCR1 to TRNCCR3) to “1”. With the additional pulse control function, finer
duty control can be performed (higher accuracy).

TORN1 pin output examples are provided below for when additional pulse control is and is not
performed. The settings used here are TRNCCR = 12, TRnDTCO, and TRnDTC1 = 0.

Figure 10-61: TORnN1 Pin Output Example When Performing Additional Pulse Control

countaoak bl T2l T4l sl Te]l [71 8 ol [rol il [zl [ 1 [ 1

Counter value

I
TRnCCR1=0 __F
TRnCCR1 =1
TRNCCR1 =2
TRnCCR1 =3 —

TRnCCR1=4

TRnCCR1=5
TRnCCR1 =6

TRnCCR1 =7
TRNCCR1 =8
TRnCCR1 =9

TRnCCR1 =10
TRnCCR1 = 11
TRnCCR1 =12

O =N W|H|O|o|N| x| ©

Remarks: 1. TRnCCRO = 12, TRnDTCO =0, TRnDTC1 =0
2. n=0,1

The locations where additional pulse control is performed are when an odd value has been set to
the TRNnCCRH1 register.

In the above figure, the arrows and numbers indicate the duty width of the TORn1 pin output within
1 cycle.

As can be seen in the above figure, when additional pulse control is performed, the output width
(duty ratio) of pin TORN1 can be controlled in 1 count clock steps from 12 clocks to 0 clocks.
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Figure 10-62: TORnN1 Pin Output Example When Additional Pulse Control Is Not Performed

P2l sl el sl Jel 7L el _Tol [rol [l w2l [ LT 1

Countclock = =

L A
-
N

TRNCCR1 =0

TRNCCR1 = 2 0

TRNCCR1 = 4 3 [
TRNCCR1 = 6 6

TRNCCR1 =8 4

TRNCCR1 = 10 5

TRNCCR1 = 12 0

Remarks: 1. TRnCCRO =12, TRnDTCO =0, TRNnDTC1 =0
2. n=0,1

The figure above is an example when additional pulse control is not performed.

In the above figure, the arrows and numbers indicate the duty width of the TORn1 pin output within
1 cycle.

When additional pulse control is not performed, the output width of pin TORn1 can be controlled in
2 count clock steps from 12 clocks to 0 clocks. In this case, the duty change amount is larger
compared to when additional pulse control is performed.
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(7) Caution on timer output in high-accuracy T-PWM mode

There are cautions for TRNCCR1 to TRNnCCRS3 as follows when varying 6-phase PWM duty by
using reload (batch rewrite).

(a) In case of TRNCCRO + 2 <TRNCCRm (Setting prohibited)

Figure 10-63a shows the case when the value of “TRNCCRO + 2 or more” is set to the TRnCCR1
register. When the TRnCCR1 register setting is changed like this, a match between the 16-bit
counter and TRNCCR1 register does not occur thereafter. Therefore, the TORNn1 pin output level is
forcibly changed to inactive level at the following 16-bit sub-counter trough timing. Output will be
switched at 16-bit sub-counter peak/trough timing after that.

Figure 10-63: Timings of Timer Output in High-accuracy T-PWM mode (1/3)
(a) Output When TRnCCRO + 2 <TRnCCR1

\ 16-bit | | | |
b- t
:”(sulcouner :7'_\ : z_\y : 7:_!
. ~ ] ] ] ] ~N ] ] ~
16-bit : XN XK : h : NUXN : h
counter 1 N [ 1 1 1 1
1 1 | ] ! [ 1 1
o LSO S e : i :
0000H H ) [ 1 ) [ T 1 | 1 |
) ) | ! ) ! [ ) | ) |
TRNCCR1 __. X X : v : :
1 1 1 v [] ] 1 [] 1 1 1
H 1 1 | 1 ! [ 1 1 1 1
A I PP, SO - :
TORnt _1 | L [ 7 .l N — |
TORN2 1 — : I,‘\‘ EI_,,'_!—EI—!_
Output is toggled at a peak/troug\?_ i E E
timing of 16-bit sub-counter ! ! ! :
Reload timing when TRNCCR1 > TRnCCRO + 1 b 4 4 4

Note: m=11t03
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(b) In case of rewriting from TRNCCRm = 0000H to TRNnCCRm = TRnCCRO

Figure 10-63b shows the output waveform where the TRNCCR1 register setting is changed from
100% output to 0% output. The TORNn1 pin output is inverted upon a match between the
TRnCCRT1 register and 16-bit sub-counter, and the TORNn2 pin output is inverted after the dead
time count.

Figure 10-63: Timings of Timer Output in High-accuracy T-PWM mode (2/3)
(b) Output When Rewriting from TRNnCCR1 = 0000H to TRNnCCR1 = TRhCCRO

16-bit
sub-counter

1 1 1 1 1 1 1
1 1 1 1 1 1 1
' ' : kI~ ' ' ' N
16-bit ! : ! I ! : ! :
counter 1 ( N P N ) 3N |
1 1 1 1 1 1 | ]
1 1 1 1 1 1
0000H ~ ' : T T ' T '
] ] ] ] ] ] ] ] ]
TRnCCR1 0000H X h = TRNCCRO
' Vo ' ' '
| ool - | ] |
[} Lo M} St 1 [}
TORN1 _:_, 'l : ! \‘ : : :
ToRn2 — | A j T ! !
1 1 1

- -

A

1
\ -
N Output is inverted upon a match

etween 16-bit sub-counter and TRNnCCR1

} } }

o

}

[ PRI S

Bt TP S

Reload timing

Note: m=11t03

(c) In case of rewriting from “TRnDTCO + TRNnDTC1 < TRNCCRm < TRNnCCRO -TRnDTCO —
TRnDTC1” to “TRNnCCRm < TRNDTCO + TRnDTC1”

Figure 10-63c shows the output waveform when rewriting the TRnCCR1 register from x
(TRNDTCO + TRnDTC1 < x < TRNnCCRO - TRnDTCO — TRnDTC1) to y (y < TRnDTCO +
TRnDTCH1). In this case, the TORN1 pin output becomes active when the TORn1 pin set condition
occurs upon a match between the 16-bit counter (or 16-bit sub-counter) and the TRNCCR1 regis-
ter immediately after reload (batch rewrite).

(c) Output When Rewriting from TRnDTCO + TRnDTC1 < TRnCCR1
< TRNnCCRO -TRnDTCO -TRnDTC1 to TRNnCCR1 < TRNnDTCO + TRnDTC1

16-bit
sub-counter
N et : N

16-bit NN o U ! NS
counter ! E A i d ' v - |
0 S L e < :
0000H 1 . ] ) ] \ 1 . R ] 1o 1
[ | ' | L >:( ' 1 : | [} | : l ]

1
TRnCCR1 [ IX I ] ; 1 l I: : yl I: : ]
A T A
1 1 1 1

TORN1 N o I S SN o N N i
— 1 : i ! ) : H 1  N=7 )
TORN2 _I_i_l ' . ; — i i l
1 1 1 1 1 1 1 1
] ] ] ] ] ] ] ]
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
Reload timing + + + + + + +

Note: m=11t03
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(d) In case of rewriting from “TRNDTCO + TRNDTC1 < TRNCCRm < TRnCCRO -TRnDTCO -
TRnDTC1” to “TRNnCCRO -TRnDTC1 + 1 < TRNnCCRm < TRnCCR0”

Figure 10-63d shows the output waveform when rewriting the TRnCCR1 register from x
(TRnDTCO + TRNDTC1 < x < TRNCCRO —-TRnDTCO —TRnDTC1) to y (TRNCCRO —TRnDTCO -
TRnDTC1 < TRnDTCO < TRnCCRO). In this case, the TORN2 pin output becomes inactive (high
level) when the TORN2 pin set condition occurs upon a match between the 16-bit counter (or 16-
bit sub-counter) and TRNCCRm register immediately after batch rewrite.

Figure 10-63: Timings of Timer Output in High-accuracy T-PWM mode (3/3)

(d) Output When Rewriting from “TRnDTCO + TRnDTC1 < TRNnCCR1 < TRnCCRO -TRnDTCO —
TRnDTC1” to “TRNnCCRO -TRnDTC1 + 1 < TRNnCCR1 < TRNnCCR0”

16-bit
sub-counter

1 1 ] 1 1 ] ]
P, . AT DA L
) ' ) . 1 BRES ) T
16-bit ' i ! X IIN ! NN N
counter ' , b N :/Ill ) o N Mo
I SN SHE RN N o

]

0000H Y R S N I B S e : i
] 1 ] ] ] N [ N ] [l ! ] 1t ]
TRnCCR1 X D dit y 1 i
] i [] [] [] ) [ l [] (L T [] [l T
] ) | | 1 ) [ | [ 1 [
A W i
TORnT R ! TR I - I
T T t L T i N t X S H PA 2K 8
ToRne —I 7 L LT Ll pliz

[} ] ] ] ] [} ] ]

[} ] ] ] ] [} ] ]

1 1 ] ] 1 1 ] ]

1 ] ] 1 1 ] ]

1 ] ] 1 1 ] ]

Reload timing 4 4 4 ) 4 ) )

Note: m=11t03
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(8) Timer output change after compare register updating

Timer output is affected when the compare register value is updated during reload execution. The
timer output level is changed at any timing listed in Tables 10-1 and 10-2.

Table 10-1: Positive Phase Operation Condition List

Operation | Symbol Condition

Set ST1 Match between counting up near the 16-bit sub-counter trough and compare register
values (< TRnDTCO)

Clear RTH Match between counting down near the 16-bit sub-counter trough and compare register
values (< TRnDTCO)

Set ST2 At completion of dead time counter (TRNnDTCO) operation

Clear RT2 When 16-bit counter value matches with compare register value during count-down
operation

Set ST3 100% output for PWM duty

Clear RT3 When no match occurs until 16-bit sub-counter counts down to 0000H

Clear RT4 TRnCCRO and TRnDTCO settings are changed at a reload timing.

Though neither a match (nor a match interrupt) occurs between TRNnCCRO and
TRnDTCO, the operation is cleared by special processing.

Clear RT5 The operation is cleared upon a match between peripheral 16-bit sub-counter peak and
compare register values in positive phase active level.

Table 10-2: Negative Phase Operation Condition List

Operation | Symbol Condition

Set SB1 Match between counting down near the 16-bit sub-counter peak and compare register
values (> TRNCCRO - TRnDTC1)

Clear RB1 Match between counting up near the 16-bit sub-counter peak and compare register
values (> TRnCCRO - TRnDTC1)

Set SB2 At completion of dead time counter (TRNDTC1) operation

Clear RB2 When 16-bit counter value matches with compare register value during count-up
operation

Set SB3 100% output for PWM duty

Clear RB3 When no match occurs until 16-bit sub-counter counts up to TRnCCRO

Clear RB4 TRnCCRO and TRnDTCO settings are changed at a reload timing.

Though neither a match (nor a match interrupt) occurs between TRNCCRO and
TRnDTCH1, the operation is cleared by special processing.

Clear RB5 The operation is cleared upon a match between peripheral 16-bit sub-counter trough and
compare register values in negative phase active level.
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Table 10-3: Compare Register Value After Trough Reload (TRnDTCO < TRnDTC1)

Compare Register Compare Register Value After Trough Reload (TRnDTCO < TRnDTCH1) Figure No.
Value Immediately
Before Trough Reload
0000H 0000H < TRnCCR1 to TRNCCR3 < TRNDTCO Figureaa
TRnCCR1 to TRNnCCR3 = 0000H, TRNnDTCO + 1 Figureab

TRnDTCO + 1 < TRNCCR1 to TRNCCR3 <TRnDTCO x 2

Figure 10-64c

TRnDTCO x 2 < TRNnCCR1 to
TRnCCR3 < TRNnCCRO -TRnDTCO —~TRnDTC1

Figure 10-64d

TRnCCRO -TRnDTCO -TRnDTC1 <TRnCCR1 to
TRnCCR3 < TRNnCCRO -TRnDTC1

Figure 10-64e

TRnCCRO -TRnDTC1 <TRnCCR1 to TRNCCR3 < TRNCCRO

Figure 10-64f

TRnCCR1 to TRNCCR3 = TRNCCRO

Figure 10-64g

Figure 10-64: Timer Output Change after Compare Register Updating Timings (1/3)
(a) TRNnCCR1 to TRNnCCR3 = 0000H —0000H < TRNnCCR1 to TRnCCR3 < TRNnDTCO

TRnCCR1 to TRNCCR3== == == = = 16-bit sub-counter

16-bit
counter
0000H ~ 7!{ :‘v’i
1 ] 1 1
1 ] ]
]
TRNDTT1 to TRADTT3— 1Y !\.
] ] ] ]
1 ) 1 ] 1
TORnN1, TORN3, | |
TORNS5 ST3
, RT1 ST RT1 ST

TORnN2, TORN4, .

TORN6

(b) TRNCCR1 to TRNCCR3 = 0000H -TRnCCR1 to TRNnCCR3 = TRnDTCO, TRNnDTCO + 1

TRnCCR1to TRNCCR3 — — — — — 16-bit sub-counter

16-bit counter

0000H 2 (AN AR
1 1 ] ]
1 ] ]
TRNDTT1 to TRNDTT3 — !\ ; !\ ;
1 | ! ' !
] ]
TORN1, TORN3, ~— | ]
ToRNs | ST3 — —
" RT4  ST1 RT1 ST
TORn2, TORN4,
TORNG
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Figure 10-64: Timer Output Change after Compare Register Updating Timings (2/3)
(c) TRnCCR1 to TRNnCCR3 = 0000H —-TRnDTCO0 < TRNnCCR1 to TRNnCCR3 < TRNDTCO x 2

TRnCCR1 to TRNCCR3

16-bit counter

0000H

TRnDTT1 to TRNDTT3

TORnN1, TORN3,
TORn5

TORN2, TORN5,

TORN6

Nt 1
A4 by L Yer :
. ] ]
1 '
: |\ N | ~ N
1 1 T
: [ o :
+ 1
ST3 ! osT2 |_|_|—‘_
H RT2 : ST2 RT2
o : :
RB2 RB2

When the values of TRNCCR1 to TRNCCRS are changed from “0000H <TRnCCR1 to TRnCCRS3
< TRnDTCO” to “TRnDTCO < TRnCCR1 to TRNCCR3 < TRNDTCO x 27, the positive phase will be
100% output for one cycle, as shown in Figure 10-64c.

To prevent this phenomenon, change “0000H <TRnCCR1 to TRnCCR3 < TRnDTCO” to
“TRnDTCO < TRNnCCR1 to TRNCCR3 < TRnDTC x 2” through TRnDTCO, or directly change
“0000H <TRnCCR1 to TRNCCR3 < TRNDTCO0” to “TRNDTCO x 2 <TRNCCR1 to TRNCCR3".

(d) TRnCCR1 to TRNnCCR3 = 0000H —-TRnDTCO x 2 < TRNnCCR1 to TRNnCCR3 < TRNnCCRO —

TRnCCR1 to TRNCCR3

16-bit counter

TRnDTC1 -TRnDTCO

0000H Sy MV MV
: : 1
TRNDTT1 to TRADTT3— !\-—!\-—!\—'\.—'\—
1 v ! ! H ' :
TORN1, TORN3, “gr5 L l_| 1 ! [
TORn5 RT3 |1 ST2 RT2! | ST2 RT2,
TORN2, TORM, M R
TORn6 SB2 RB2 SB2 RB2 sB2
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Figure 10-64: Timer Output Change after Compare Register Updating Timings (3/3)

(e) TRNnCCR1 to TRNCCR3 = 0000H -TRNnCCRO -TRnDTC1 -TRnDTCO < TRNnCCR1 to
TRnCCR3 < TRNCCRO -TRnDTC1

TRnCCR11t0 TRNCCR3 — — — — = 16-bit sub-counter

16-bit counter

4
4
4 ’

— v

' N N

]
TRNDTT1 to TRADTT3—, AN

! ]

L)

]

]
TORn1, TORN3, ST3 l :
TORN5 RT3 |
|

RT2 RT2
TORN2, TORN4,
TORN6 SB2 B2 SB RB2 SB2

() TRNnCCR1 to TRNCCR3 = 0000H —-TRnCCRO -TRnDTC1 < TRNnCCR1 to TRNnCCR3 <

TRnCCRO
TRnCCR1 t0 TRNCCR3 == == == = = 16-bit sub-counter
yd
TRNnCCRO — /~ ——_——_—_—_—_—_, — el e — —
< = -

16-bit counter

.

~ 7 N 1,’ N 4
0000H ¢ Z v !
1 1 l\ M
[}
TRNDTT1 to TRADTT3 — I - 1
! ] ! [ [
TORn1, TORN3, “g75 L | 1 L
TORN5 RT3 | 1 R
TORn2, TORN4, | L L
TORN6 SB2  RB1 SB1 RB1 SBI

(9) TRNnCCR1 to TRNCCR3 = 0000H —-TRNnCCRO -TRnDTC1 < TRNnCCR1 to TRNCCR3 <

TRnCCRO
TRnCCR1 t0 TRNCCR3 == == = e == 16-bit sub-counter
TRNCCRO —>~ /’ e N
N

16-bit counter

N

/
4
0000H _y” A3 MV
! 1
]
TRNDTT1 to TRADTTS —1 !\.
] | ]
]
TORN1, TORN3, ST3 1 ,
TORN5 RT3 | !
TORN2, TORN, | SB3 SB3
TORN6 SB2
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Table 10-4: Compare Register Value After Trough Reload

Compare Register
Value Immediately

Before Trough Reload

Compare Register Value After Trough Reload

Figure No.

TRnCCRO

TRnCCR1 to TRNnCCR3 = 0000H

Figure 10-65a

0000H < TRNCCR1 to TRNCCR3 < TRNDTCO

Figure 10-65b

TRnCCR1 to TRNCCR3 = TRnDTCO, TRNDTCO + 1

Figure 10-65c

TRnDTCO + 1 < TRNCCR1 to TRNCCR3 < TRNDTCO + TRNDTC1

Figure 10-65d

TRnDTCO + TRnDTC1 < TRnCCR1 to
TRnCCR3 < TRNCCRO -TRnDTCO ~TRnDTC1

Figure 10-65e

TRnCCRO -TRnDTCO —-TRnDTC1 <TRnCCR1 to
TRnCCR3 < TRNCCRO -TRnDTCH1

Figure 10-65f

TRnCCRO -TRnDTC1 <TRnCCR1 to TRNnCCR3 < TRnCCRO

Figure 10-65g

Figure 10-65: Compare Register Value After Trough Reload Timing (1/3)
(a) TRNnCCR1 to TRNCCR3 = TRNCCRO —TRnCCR1 to TRNnCCR3 = 0000H

TRnNCCR1 to TRNCCR3 == == = = =

TRNCCRO = = = ==~ ~ e
HINN (
1
16-bit counter :
I/ |
]
' L,
’ 1 ’ rd
0000H v/ ' MV AV
T L L)
1 1 1
1 1
TRnDTT1 to TRADTT3 ! !\. i
] ] 1 ]
TORN1, TORN3, ! ' | slTs
TORNS i | ST2
1
TORN2, TORN4, i i
TORNn6 SB3 I
RB5

(b) TRNCCR1 to TRNCCR3 = TRNCCRO —0000H < TRNCCR1 to TRNnCCR3 < TRNnDTCO0

TRnCCR1 to TRNCCR3 == == = = =

TRnCCRO — — — — ~ ]

TORN2, TORN4,

[}
U
1
16-bit counter :
i
[}
[}
1
1 )
0000H T T
! i [
] ]
TRnDTT1 to TRADTT3 v ] Y !\:
! ! ! [
TORN1, TORN3, ' v
TORNS5 T =
! : RT1 ST1
[} !
I

TORN6
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Figure 10-65: Compare Register Value After Trough Reload Timing (2/3)
(c) TRNnCCR1 to TRNCCR3 = TRNCCRO —TRnCCR1 to TRNnCCR3 = TRNnDTCO, TRNnDTCO + 1

TRnNCCR1to TRNCCR3 == == = = =

TRNnCCRO—™ — — AN j N LS
N

16-bit counter

]
U
1
1
1
1
]
]
]
]
A 1
0000H —¥% T
1
1
1
[]
]
]
1
T
1
1
1

1
:

! Avd N '
T

1 1

| N

TRNDTT1 to TRADTT3 1Yy B

1 ! ]

TORnN1, TORN3, ! | o

TORnS \  ST2 RT1 STH
TORN2, TORN4, i
TORN6 SB3 I
RB5

(d) TRnCCR1 to TRNnCCR3 = TRNnCCRO —TRnDTCO + 1 < TRNCCR1 to TRNCCR3 <TRNnDTCO +
TRnDTC1

TRNCCR1t0 TRNCCR3 == == = = =

TRnCCRO— — — AN / s~ A
N

16-bit counter

\ 7

1

0000H v v Nl

]

] ]

]

TRnDTT1 to TRADTT3 !\. !\,\;

]
] L 1 1
TORn1, TORN3, [ | l

TORn5 IsT2 RT2  ST2
TORN2, TORN4, !
TORN6 SB3 [
RB2

(e) TRNnCCR1 to TRNCCR3 = TRNCCRO —TRnDTCO + TRNnDTC1 < TRNCCR1 to TRNCCR3 <
TRnCCRO -TRnDTC1 -TRnDTCO

TRnNCCR1t0o TRNCCR3 == == == = =

TRnCCRO — — — AN / 7N A
N

16-bit counter

\~ 7

0000H v v .

TRnDTT1 to TRADTT3 '\. .'\' !\. I'\n—
1 1 [} 1 [}

] 1 1
TORN1, TORN3, : — i ' — |
TORN5 : ST2 RT2 : : ST2 RT2 :
TORn2, TORN4, ' ] ' '
TORN6 SB3 | 4| |—l
RB2 SB2 RB2 SB2
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Figure 10-65: Compare Register Value After Trough Reload Timing (3/3)

(f) TRNnCCR1 to TRNCCR3 = TRNCCRO —-TRNnCCRO —-TRNDTC1 -TRNnDTCO < TRNCCR1 to
TRnCCR3 < TRNCCRO -TRnDTC1

TRnNCCR1to TRNCCR3 == == == = =

TRnCCRO — — — /:v e] A A

(]

N * _-_-_"_l 1 ()

1 [} [N}

16-bit counter ! el ; :

i Vo A

] [} [

1 [} [}

,/ 1 , [ [

0000H v ! AV - AV L

| [ [
' M~
TRADTTA to TRADTT3 : !\1\. 1N
| [ | [ |
TORn1, TORN3, > ! R R
TORN5 : | RT2 : ERTZ :
TORN2, TORN4, : P : '
TORNG SB3 L L

RB2 SB2 RB2 SB2

(g9) TRNnCCR1 to TRNCCR3 = TRNCCRO —TRnDTCO -TRnDTC1 -TRnDTCO < TRnCCR1 to
TRnCCR3 < TRNnCCRO

TRNCCR1t0o TRNCCR3 == == = = =

TRNCCRO =— — — ——

16-bit counter

0000H v’

7
7

TRnDTT1 to TRNDTT3

TORn1, TORN3, ‘I
TORN5

TORN2, TORN4, !
TORN6 SB3 L I_I

RB1 SB1 RB1 SB1

e el e e

Table 10-5: Compare Register Value After Trough Reload (TRnDTC1 < TRnDTCO0)

Compare Register Compare Register Value After Trough Reload (TRnDTC1 < TRnDTCO) Figure No.
Value Immediately
Before Peak Reload

TRnCCRO TRnCCRO -TRnDTC1 <TRnCCR1 to TRNCCR3 < TRNnCCRO Figure 10-66a
TRnCCR1 to TRNCCR3 < TRNCCRO —~TRnDTCH1 Figure 10-66b
TRnCCRO -TRnDTC1 x 2 <TRnCCR1 to Figure 10-66¢
TRnCCR3 < TRNnCCRO -TRnDTCH1
TRnDTCO + TRNnDTC1 < TRnCCR1 to Figure 10-66d

TRnCCR3 < TRNnCCRO -TRnDTC1 x 2

TRnDTCO + 1 < TRNnCCR1 to TRNCCR3 < TRNDTCO + TRNDTCH1 Figure 10-66e

0000H < TRNCCR1 to TRNCCR3 <TRNDTCO + TRNDTC1 Figure 10-66f

TRnCCR1 to TRNCCR3 = 0000H Figure 10-66g
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Figure 10-66: Compare Register Value After Trough Reload (TRnDTC1 < TRnDTCO) (1/3)

(a) TRNnCCR1 to TRNnCCR3 = TRNCCRO —-TRnCCRO -TRnDTC1 < TRNCCR1 to TRNCCR3 <
TRnCCRO

TRNCCR1 to TRNCCR3 == == = = = 16-bit sub-counter
TRnCCRO

16-bit counter

0000H

TRnDTT1 to TRNDTT3

TORn1, TORN3,

TORNn5 L

TORN2, TORn4,

TORN6 sBg' | |
RB1 SB1 RB1 SBf

(b) TRNCCR1 to TRNCCR3 = TRNCCRO —TRNnCCR1 to TRNCCR3 = TRNDTCO -TRnDTC1

AR [ W]

16-bit counter

Y PP NV

0000H

TRnDTT1to TRNDTT3

TORn1, TORN3, .,
TORN5

TORn2, TORN4,
TORNG SB3 - 1

RB4  SBf RB1 SB1
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Figure 10-66: Compare Register Value After Trough Reload (TRnDTC1 < TRnDTCO) (2/3)

(c) TRNnCCR1 to TRNCCR3 = TRNCCRO —TRNCCRO -TRNDTC1 x 2 < TRNCCR1 to TRNCCR3 <
TRnCCRO -TRnDTC1

When the values of TRNCCR1 to TRNnCCR3 are changed from “TRnCCRO - TRnDTC1 <
TRnCCR1 to TRNCCR3 <TRnCCRO0” to “TRNCCRO —~TRNDTC1 x 2 < TRNnCCR1 to TRNCCR3 <
TRnCCRO -TRnDTC1”, the negative phase will be 100% output for one cycle, as shown in figure
below.

To prevent this phenomenon, change “TRNCCRO — TRnDTC1 < TRnCCR1 to TRnCCR3 <
TRnCCRO” to “TRNDTCO < TRnCCR1 to TRnCCR3 < TRnDT1 x 2" through “TRnCCRO -
TRnDTC1”, or directly change “TRNnCCRO —-TRnDTC1 < TRnCCR1 to TRnCCR3 < TRNnCCRO0” to
“TRnCCR1 to TRNCCR3 <TRNnCCRO -TRnDTC1 x 2.

TRNCCR1t0 TRNCCR3 == = o o = 16-bit sub-counter
ya
TRnCCRO _,':\\\ AN , N
U
TR W
\ N\ 1 1 1 1
. ) N 1 J 1 N 1
16-bit sub-counter h > 1 171 ¥
\ | 1 i 1 ,/:
1 1 1
: b o -
) 1 1
0000H : el : : e : : : el :
T t
- - - :
] ! 1
TRNDTTH to TRADTT3 — !\: ! E : !
) 1 1
TORn1, TORN3, .., | . T :
TORNS L, — —— :
1
TORnN2, TORN4, : G AL :
TORN6 SB3 SB1 [ L
RB1  SBi RB1

(d) TRnCCR1 to TRNnCCR3 = TRNnCCRO —TRnDTCO + TRnDTC1 < TRNnCCR1 to TRNCCR3 <
TRnCCRO -TRnDTC1 x 2

TRNCCR1 t0 TRNCCR3 == m s e = 16-bit sub-counter
TRNCCRO =% —— P
[ [N
U M . N
| AN
16-bit counter : N
1 —_ U ’ 1 [}
' ) ' ) H
] ) 1 ) 1
0000H | MV : : AV, : ‘v’:
T T T T T T
1 ] ] ] ] ]
1
TRnDTT1 to TRNDTT3 —, !\-—!\. !\. !\. !\:—
] ] 1
TORN1, TORN3 | E i_i ' E : : ' E :
TORN5 : : : : : !
TR, TOR ! 1 ST2RT2; | ST2 RT2 , , ST2
TORN6 SB3 ‘ l
RB3 SB2 RB2 SB2 RB2

User’s Manual U16580EE2V0OUDOO 425



Chapter 10 16-bit Inverter Timer/Counter R

Figure 10-66: Compare Register Value After Trough Reload (TRnDTC1 < TRnDTCO) (3/3)

(e) TRNnCCR1 to TRNCCR3 = TRNCCRO —TRnDTCO + 1 < TRNCCR1 to TRNCCR3 <TRNDTCO +
TRnDTC1

16-bit counter

TRnDTT1to TRNDTT3

TORnN1, TORN3,

l
[
1
1
1
1
!
)
I
)

0000H v
1
1
1
1
!
!
1
1
1
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:
]
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4
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4
4
d
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N
T
4
N
4
4
A

)
[
1
1
1
!
)
)
)
1

0000H — v
1
!
1
1
)
I
1
1
1
1

N —— o —————— ﬁxyF _—
1 1 ! HE
1 1
]
TRNDTT1 to TRADTT3 !\. !\: !\:
] 1 1 ] 1
1 1 [} 1 [}
TORnN1, TORN3, H : HE N
TORN5 : ‘ I_' l_l
| sT2 RT1 ST RT1 ST1
TORN2, TORN4, '
TORN6 SB3 |
RB3

(g) TRNCCR1 to TRNnCCR3 = TRNnCCRO —TRnCCR1 to TRNnCCR3 = 0000H

16-bit counter

0000H _! ' ¥
1 ] 1
TRnDTT1 to TRADTT3 ! v T T
1 ] ] ]
TORN1, TORN3, Vo : :
TORn5 1 | ST3 ST3
| sT2
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Table 10-6: Compare Register Value After Trough Reload

Compare Register Compare Register Value After Trough Reload Figure No.

Value Immediately

Before Peak Reload

0000H TRnCCR1 to TRNCCR3 = TRNnCCRO Figure 10-67a

TRnNCCRO -TRnDTC1 < TRNCCR1 to TRNCCR3 < TRNnCCRO Figure 10-67b
TRnCCR1 to TRNCCR3 = TRNCCRO -TRnDTCH1 Figure 10-67¢
TRnCCRO -TRnDTCO -TRnDTC1 <TRnCCR1 to Figure 10-67d
TRnNCCR3 < TRNCCRO —-TRnDTCH1
TRnDTCO + TRNnDTC1 < TRNnCCR1 to Figure 10-67¢e
TRnCCR3 < TRNCCRO —-TRnDTCO —-TRnDTCH1
TRnDTCO + 1 < TRNnCCR1 to TRNCCR3 <TRnDTCO + TRnDTCH1 Figure 10-67f
0000H < TRNnCCR1 to TRNCCR3 <TRnDTCO + 1 Figure 10-67g

Figure 10-67: Compare Register Value After Trough Reload (1/3)
(a) TRnCCR1 to TRNnCCR3 = 0000H —TRnCCR1 to TRNnCCR3 = TRnCCRO0

TRnCCR1to TRNCCR3 — — — — — 16-bit sub-counter
TRnCCRO

16-bit counter

0000H— AV AV AV

TRnDTT1 to TRNDTT3 !\.

1 1

TORn1, TORN3, | '

TORN5 RT5 :

TORN2, TORN4, I
TORN6

SB2

(b) TRTRNnCCR1 to TRNnCCR3 = 0000H —-TRnCCRO -TRnDTC1 < TRTRNnCCR1 to TRNCCR3 <
TRnCCRO

TRnCCR1to TRNCCR3 — — — — — 16-bit sub-counter

TRnCCRO -, N / N — N
Y
A Y
A Y
N

16-bit counter

\ v’ 1S ’ S ’
0000H MV A N
TRNDTT1 to TRNDTT3 !\. !\:\
1 ! '
TORn1, TORN3, i H 1
TORNS RT5 ! i
TORN2, TORN4, ' [
TORNG ' |
SB2 RB1 SB1
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Figure 10-67: Compare Register Value After Trough Reload (2/3)
(c) TRnCCR1 to TRNnCCR3 = 0000H -TRnCCR1 to TRNnCCR3 = TRNnCCRO -TRnDTC1

TRNCCR1 t0 TRNCCR3 == == = e = 16-bit sub-counter
/
TRnCCRO 7 AN N Ny
R 1 | 1 )
N | | ! ]
5 s 1 J ]
16-bit counter A \ 1 Kl
) b :
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‘4 ’, 1 X ’ ] ] (S ’/ ]
0000H b ' hVid — v :
] 1 1 ]
N Y '
TRNDTT1 to TRADTT3 I i :
] 1 1 ] ]
TORn1, TORN3, | - :
TORN5 RTY ! \ ! )
1 ]
TORN2, TORN4, 1 | f ]
TORN6 | I—I I
SB2 RB1 SB1 RB1

(d) TRnCCR1 to TRNnCCR3 = 0000H -TRnCCRO -TRnDTCO -TRnDTC1 < TRNnCCR1 to
TRnCCR3 < TRNnCCRO -TRnDTC1

TRNCCR1to TRNCCR3 — — — — — 16-bit sub-counter

TRnCCRO 7, ~ S 7N
Ay
A Y
\

16-bit counter

0000H MV

TRnDTT1to TRNDTT3

TORnN1, TORN3,

7
Ve

)
I
]
TORNS ,
]
TORn2, TORN4, "
TORNG | L
SB2 RB2  SB2 R

(e) TRNnCCR1 to TRNnCCR3 = 0000H —TRnDTCO + TRNnDTC1 < TRNnCCR1 to TRNnCCR3 <
TRnCCRO -TRnDTCO -TRnDTC1

TRNCCR1t0 TRNCCR3 == == e o = 16-bit sub-counter
TRnCCRO - N // O e
Y
N
N
\
16-bit counter
) 1 1 1
] ] 1 ]
\ ’ N ’ N ’
0000H N A A
1 ] ] ]
]

|

TRnDTT1 to TRNDTT3

|

TORnN1, TORN3,

TORN5
" RT2 ') sT2 RT2 ST2
TORnN2, TORN4, ! 1
TORNG I 1
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Figure 10-67: Compare Register Value After Trough Reload (3/3)

(f) TRNnCCR1 to TRNnCCR3 = 0000H —TRnDTCO + 1 < TRNnCCR1 to TRNnCCR3 < TRnDTCO +
TRnDTC1
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(9) Dead time control in high-accuracy T-PWM mode

In the high-accuracy T-PWM mode, the TRNCCR1 to TRNCCRS3 registers are used for duty setting
and the TRnCCRO register is used for cycle setting. By using these four registers, duty variable
type 6-phase PWM waveform can be output. To implement dead time control, there are three 10-
bit down-counters that synchronously operate with the count clock of the 16-bit counter, and two
dead time setting registers (TRNDTCO, TRnDTC1).

The TRnDTCO register is used to set the dead time from when a negative phase changes to inac-
tive until a positive phase changes to active. The TRNnDTC1 register is used to set the dead time
from when a positive phase changes to inactive until a negative phase changes to active.

The output waveform in case of TRNDTCO = x, TRNDTC1 =y is shown below.

Figure 10-68: Output Waveform Example When Dead Time Is Set

16-bit
sub-counter TRnDTCO = “x"

TRnDTC1 ="y”

TRnCCR2

TRnCCR2 SnCCR2

16-bit counter

' ' ' '
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' ' ' 1

TORN1 ! ! ! !

| | ' | ' 1

TORn2 ' ' ! ' ] '

" ] , " . o

TRNDTT2 i I ! N ! N

[ [ ) [ . : :

TORn3 ‘L' | | L ' L ' L

[ 1o \ [ ' [

TORn4 i L I L i | N

go 1 Vo L b

TRADTT3 L1 " i i

1 (I 1 1

o - b .

ToRns ___ ' | L L L
Torne L
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(10) Cautions on dead time control in high-accuracy T-PWM mode

(a) Rewriting of TRNDTCO and TRnDTC1 registers

The setting of the dead time in the TRNDTCO, TRnDTC1 registers can be rewritten during opera-
tion. Note the following cautions when rewriting the dead time setting during operation.

Cautions: 1. Rewrite the TRNDTCO and TRnDTC1 registers when using the reload function
(TRnCMS = 0).

2. When the TRNDTCO and TRnDTC1 registers are rewritten, carrier-wave cycles will
be changed. In cases where carrier-wave cycles should not be changed, rewrite
the TRNnCCRO register value at the same time as changing the TRnDTCO and
TRnDTC1 registers.

3. Rewriting is prohibited when TRnCMS = 1.

4. In case of changing TRNCCRO0 and TRnCCR1 at a 16-bit counter peak:
Match interrupts (INTTRnCC1 to INTTRnCC5) will not occur immediately after
reload execution if the values set in the TRNCCR1 to TRNCCR5 register matches
with and TRnCCRO —TRnDTC1 (the new maximum value of main counter) after
updating.

Figure 10-69: Dead Time Control in High-Accuracy T-PWM Mode

16-bit sub-counter Reload execution

TRnCCRO

TRNCCRO to-
TRnDTCH1

16-bit counter

0000H

INTTRNnCC1

5. In case of changing TRODTCO at a 16-bit counter trough:
Match interrupts (INTTRnCC1 to INTTRnCCS5) will not occur immediately after
reload execution if the values set in the TRnCCR1 to TRnCCRS5 register match
with TRODTCO (the new minimum value of main counter) after updating.

16-bit sub-counter

TRnCCRO

16-bit counter

TRnCCR1 _

TRnDTCO -
0000H

INTTRnCC1
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(11) Caution on rewriting cycles in high-accuracy T-PWM mode

432

In high-accuracy T-PWM mode, setting conditions for the TRNCCRO, TRnDTCO, and TRnDTC1
registers are as follows.

* 3 x MAX (TRnDTCO, TRNnDTC1) + MIN (TRnDTCO, TRNnDTC1) < TRNnCCRO
0002H < TRNCCRO <FFFEH

¢ MAX (A, B) indicates the greater value of A and B, and MIN (A, B) indicates the smaller value of
A and B.

Figure 10-70 shows an operation example when the setting range is exceeded.

This example shows the case where the TRnDTCO register is set out of the range “TRnDTCO >
TRnCCRO —TRnDTC1”. Though the 16-bit counter executes count-down operation, the count-
down operation is executed from 0000H because no match occurs. In this case, the count opera-
tion continues by loading the TRNDTCO register setting value. However, no match with TRnCCRO
—TRnDTC1 occurs in the count-up operation, thus the 16-bit counter overflows. In this case, the
count operation continues by loading the TRnDTCO register setting value again.

An overflow interrupt (INTTRnOV) occurs when the 16-bit counter loads the TRnDTCO register
setting value from 0000H or when an overflow occurs at FFFEH, and then the TRnOVF flag is set.
An overflow interrupt (INTTRNOV) does not occur if the TRNCCRO, TRnDTCO, and TRNnDTC1 reg-
isters are set correctly, so this can be used for detecting incorrect settings.

Figure 10-70: Operation Example Setting Is Out of Range

FFFEH
16-bit counter\
16-bit sub-counter
N N N N
TRNCCRO to AN AR AN AN
TRnDTC1 N \ \ N
\ \ \ \
N N\ N\ N\
\ N\ N\ N\
\ N N\ N\
N N\ N N
«~
TRnDTCO
0000H
Changed to “TRNDTCO TRnCCRO
TRnDTC1” (out of settable range)
INTTRNOV
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(12) Error interrupt (INTTRnER) in high-accuracy T-PWM mode

The positive/negative simultaneous active detection function can be used in the high-accuracy
T-PWM mode. Error interrupts (INTTRnER) do not occur in the high-accuracy T-PWM mode. In
case of occurrence, the internal circuits may be damaged.

Figure 10-71: Error Interrupt Operation Example

16-bit counter

TORM 41 |

TORN2 |

1
[}
]
f T [ I
: I /: -------------- H
INTTRnER : : ] J I
! / PN L
[} 4 1 s N
TRnTBF ! i L
! |

7 N '3
Damage occurrence in T
TORN2 control circuit Positive/negative simultaneous
. active detection flag set
Error interrupt “0” write clear
output
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10.10.10 PWM mode with dead time

(1) Outline of PWM mode with dead time

In the PWM mode with dead time, 6-phase PWM is generated using the 16-bit counter’s saw tooth
wave operation and four 16-bit counters. The counter's maximum value is set with the TRnCCRO
register. The duties of the U phase, V phase, and W phase voltage data signals are set with the
TRnCCR1 to TRNCCRS3 registers. The dead time is set with the TRnDTCO and TRnDTC1
registers, and the dead time for inverted phase —normal phase and the dead time for normal
phase —inverted phase can be independently set with the TRNnDTCO register and TRnDTC1
register, respectively. The counter’s operation consists in performing up count with 0000H as the
minimum value, and when the maximum value (cycle) indicated by the TRNnCCRO register is
matched, the counter is cleared (0000H), and the counter continues up-count operation.

The 10-bit dead time counters (TRNnDTT1 to TRnDTT3) reload the setting value of the TRnDTCO
and TRnDTCH1 registers upon a match between the counter and the TRNnCCR1 to TRnCCR3
registers, and perform down count.

Upon a match between the 16-bit counter and the TRNCCRO to TRnCCRS registers, the
corresponding compare match interrupts (INTTRnCC1 to INTTRnCC3) are output.

Figure 10-72: Block Diagram in PWM Mode With Dead Time

TRNCNT LOAD TRnSBC
CLEAR ’_> (16-bit up counter + 1) A "|  (16-bit up counter + 1)
v \ v
~ :
TRnCCRO S |TRNCCRO0+TRnDTCO|
| : | . INTTRNCCO
| P"INTTRnCDO
Y =3[ TRnDTT TORM(©)
(10-bit counter)
TRnCCR1 LOAD ¥ » 702 TORN2(U)
(U phase output data) T0001H
[ > TO3
‘ I—3] TRnDTT2 TORN3(Y)
(10-bit counter)
TRnCCR2 LOAD /" - | TO4 TORN4(V)
(V phase output data) 0001H ::I_’
_E@—» TORN5(W)
y » TRnDTT3
A (10-bit counter, .
TRnCCR3 LOAD ﬁ } v | TO6 TORN6(W)
(W phase output data) 0001H

TRnDTCO,1

(Dead time value)
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(2) PWM mode with dead time operation list

(a) Compare registers

Register Rewrite Method Rewrite during Operation Function
TRnCCRO Reload Possible Cycle
TRnCCR1 to TRnCCR3 Reload Possible PWM duty
TRnCCR4, TRnCCR5 Reload Possible PWM duty

(b) Input pins
Pin Function
TIR1Tm -(m=0to 3)
TTRGR1 -
TEVTR1 -
(c) Output pins
Pin Function
TORNO Toggle output upon TRNCCRO register compare match
TORN1 PWM output (with dead time) upon TRNnCCR1 register compare match
TORN2 Inverted phase output to TORN1
TORN3 PWM output (with dead time) upon TRNnCCR2 register compare match
TORN4 Inverted phase output to TORN3
TORN5 PWM output (with dead time) upon TRNnCCRS register compare match
TORN6 Inverted phase output to TORN5
TORN7 Pulse output through A/D conversion trigger

(d) Interrupts

Interrupt Function
INTTRNnCCm TRnCCRm register compare match (m = 0 to 5)
INTTRnOV -

INTTRnER Error
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Figure 10-73: Output Waveform Example in PWM Mode with Dead Time

FFFFH
Counter
OH : :
TRnCCRO | . m (for cy'/cle setting) : S
TRNnCCRH1 | i (U phase duty) : T
TRnCCR2 | i (V phase duty) : N
TRnCCR3| k (W phase duty) |
TRnDTCO [ . d0 : ]
TRnDTCH | ] di _ : I
TRNDTT1 ]\ dO di do A\d1
TRNDTT2 N dO a1 N0 Nt
TRNDTT3 \[dO 5 Nd1  do
TORnt i [ | 1. i
TORn2 : | i
TORN3 : : | : T : '|
TORn4 | : : : ! E|_
TORN5 _: L
TORnN6 | : i
: 4———— | U phasé éutputinidth =i - o
* = U phasé outputwidth =1 + d1
»: | V phdse output width = j - dO
* ¥ V phase output width = j + d: :
# W phase output widﬂ% =k-do :
B P W phase output width = k + d1 :

Remarks: 1. The maximum value that can be set to the TRNnCCR1 to TRnCCR3 registers is
TRnCCRO + TRnDTCO.

If “0000H” is set to the TRNCCR1 to TRNCCRS registers, PWM is output with 0% duty.

3. If TRNnCCRO + TRnDTCO is set to the TRNCCR1 to TRNCCRBS registers, PWM is output
with 100% duty.

4. The maximum value of the TRNCCRO register is FFFFH - TRnDTCO.
5. Perform setting so as to satisfy condition FFFFH > TRnCCRO + TRnDTCO.
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(83) PWM mode with dead time settings

(a) Mode setting

The PWM mode with dead time is set by setting TRNnCTL1 register bits TRNMD4 to
TRnMDO = 1001.

(b) Output level/output enable settings

Output level/output enable is set by setting the TRNOLO to TRNOL7 and TRnOEO to TRNOE?7 bits
of the TRnIOCO and TRnlOCS3 registers.

Pin TORNnO performs toggle output upon cycle match (match between the counter and the
TRnCCRO register).

Pin TORN7 is the output for A/D conversion. Set this pin as required.

(c) Error output enable

Set error output enable when normal phase/inverted phase simultaneous active is detected. Error
output is enabled by setting TRnIOC4 register bit TRNEOC to 1. Moreover, the pin for detecting
simultaneous active can also be set, by setting TRnIOC4 register bits TRnTBA2 to TRnTBAO. In
the PWM mode with dead time, INTTRnER does not become active, regardless of which value the
user sets to the TRNCCRO to TRNCCRS registers, except when the dead time setting is 0. When
an error occurs, this indicates an internal circuit fault.

(d) Interrupt and thinning out function settings

A peak interrupt (INTTRnCD) occurs upon a match between the TRnCCRO register and the
counter (bit TRNIOE control is invalid). To output a peak interrupt, set TRnICE = 1. Use of the
thinning out function for peak interrupts is done with the TRnID4 to TRnIDO registers.

(e) Reload thinning out function setting

To set the reload timing to the same timing as the interrupt timing, set TRNOPT1 register bit
TRnRDE to 1. The reload timing occurs when TRnICE = 1.

(f) A/D conversion trigger output setting

A/D conversion trigger 0 (TRNADTRGO signal) is set with TRnOPT2 register bits TRnAT04,
TRnAT02, and TRnATO1. The TRnCCRS5 register match timing, TRnCCR4 register match timing,
and peak interrupt (INTTRnCD) enable/disable settings are performed with bits TRnAT04,
TRnAT02, and TRnATO1.

Do not set TRnAT05, TRnAT03, and TRnATO0O to “1”.

A/D conversion trigger 1 (TRNADTRG1 signal) is set with TRnOPT3 register bits TRnAT14,
TRnAT12, and TRnAT11. The TRnCCRS5 register match timing, TRnCCR4 register match timing,
and peak interrupt (INTTRnCD) enable/disable settings are performed with bits TRnAT14,
TRnAT12, and TRnAT11.

Do not set bits TRNAT15, TRnAT13, and TRnAT10 to “1”.

Set the compare values of the TRNnCCR4 and TRnCCRS5 registers.
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(g) Dead time settings

The dead time settings are performed with the TRNDTCO and TRnDTC1 registers. The dead time
can be obtained with count clock cycle x TRNnDTCO,TRnDTC1. The time until TORNn2, TORN4,
TORN6 pin inactive change —TORNn1, TORN3, TORN5 pin active change can be set with the
TRnDTCO register. The time until TORn1,TORN3,TORN5 pin inactive change —-TORN2, TORN4,
TORNG pin active change can be set with the TRnDTC1 register.

(h) PWM cycle, duty (PWM width) setting

The duty is set with the TRNnCCR1 to TRnCCR3 registers. The setting range of the TRNCCR1 to
TRNnCCRS registers is

0000H <TRNnCCRm <(TRnCCRO + TRnDTCO)
The TRNnCCRO and TRnDTCO registers must be set so as to satisfy TRNCCRO + TRnDTCO <
FFFFH.

Remark: n=0,1
m=1to3
(4) Operation in PWM mode with dead time

438

The figure shows the timing chart when TRnCCRO = 0007H, TRnDTCO = 0002H,

TRnDTC1 = 0002H, and the TRnCCRO register is set to 0000H to 0007H (one part).

When the compare value of the TRNnCCR1 register is incremented/decremented by 1 at a time, the
PWM width is incremented/decremented 1 count clock at a time, but at the points indicated by
arrows in the figure, incrementing/decrementing is done by TRnDTC1+1 count clock. This occurs
when the TRNnCCR1 register is rewritten from the setting value of the TRnDTCO register to
TRnDTCO0+0001H (because dead time control is required).
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Figure 10-74: Timer Output Example When TRnCE = 1 Is Set (Initial)
(PWM mode with Dead Time)

Counter |FFFF]OOOO|0001|0002]00030004]0005|0006]0007]0000|0001|0002]0003|0004|
Sub-counter |FFFF]00O8|OOO910002|0003|0004|OO05|0006|00O7|0008|0009]0002|0003]0004|

TRnCE —I H H . : . . . H . . :
TRnCCRO | 0007H (for cycle setting) |
TRnDTCO | 002H (for dead tlme settlnq) |

TRnDTC1 | 002H (for dead tlme settlnq) |
[TRNCCR1 =0090H]: | i -
TORn1 ‘" § @
TOan_'_t H
[TRNCCR1 = 0001 H] :
LA S S SO S DS S S S S N
TORn2 —i B =
[TRNCCR1 = 0002H] : : : : : : : :
TORn1 ‘L :
[TRNCCR1 = 0003H] : : : : : : : : : : :
TORn1 __ i A I N T S N S S A
TORN2 : : : : S 5 ] : : : : :
[TRNCCR1 = 0004H]

ToR2 | I s TN NN S
[TRnCCR1_0005H] : 5 E 5 .

TORm L L oo L
TORm2 L | E T
[TRnCCR1_0007H] L
TORn2 'L : R S S S S S S SN
[TRnCCR1_0009H] T A
TORnT ____t' S B
TORn2 ‘L I R S T S R S
[TRNCCR1 = OOOAH] :
TORn1—l
TORn2 'L P

(5) Dead time control in PWM mode with dead time

In the PWM mode with dead time, compare registers (TRNCCR1 to TRnCCR3) are used as the
duty setting registers, and another compare register (TRNnCCRO) is used as the cycle setting
register. Through the use of these four registers, a variable duty 6-phase PWM waveform is
output. To realize dead time control, three 10-bit down counters that operate in synchronization
with the counter’s count clock, and dead time setting registers (TRNDTCO, TRnDTC1) are
provided. The TRNnDTCO register is used to set the dead time from when the inverted phase
becomes inactive to when the normal phase becomes active, and the TRNnDTC1 register is used
to set the dead time from when the normal phase becomes inactive to when the inverted phase
becomes active.

The following figure shows an output example when TRnDTCO = x, TRnDTC1 =Y.
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440

Figure 10-75: Output Waveform Example in PWM Mode with Dead Time

TRNCCRO 1

Counter > s I

‘

TRnDTCO
TRnDTC1
TRnDTTH,

¢

2,

TORnN1, 3,5 l—l [—l [—I

TORN2, 4, 6

-
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(6) Error interrupt (INTTRnNER) in PWM mode with dead time

In the PWM mode with dead time, the normal phase/inverted phase simultaneous active detection
function can be used. When using the PWM mode with dead time, no error interrupt (INTTRnER)
is output as long as no hardware fault occurs (except when TRNnDTCO, TRNDTC1 = 0000H is set).
Also, when TRnDTCO, TRnDTC1 = OOOH is set, glitches may occur upon error interrupt
(INTTRnER) output. In this case, the occurrence of glitches during error interrupt (INTTRnER)
output can be prevented by setting bit TRNEOC to 0.

Figure 10-76: Error Interrupt (INTTRnER) in PWM Mode with Dead Time

Counter
TORn1 _] [ L
TORn2 1 1 —
INTTRRER (| ap i )

TRnTBF '\ % “‘ /

Glitches may occur during normal/inverted phase switching.
The detection flag (TRNnTBF) is not set.
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Chapter 11 16-bit Timer/Event Counter T

11.1 Features

Timer T (TMT) is a 16-bit timer/event counter that provides general-purpose functions.

Timer T can perform the following operations.

¢ Interval timer function

¢ External event count function

e One-shot pulse output function

e External trigger pulse function

e 16-bit accuracy PWM output function
¢ Free-running function

¢ Pulse width measurement function

e 2-phase encoder function

e Triangular wave PWM output function
e Offset trigger generation function

11.2 Function Outline

* Capture trigger input signal x 2

¢ Encoder input signal x 2

¢ Encoder clear signal x 1

¢ External trigger input signal x 1

e External event input x 1

¢ Readable counter x 1

e Count write buffer x 1

e Capture/compare reload register x 2
e Capture/compare match interrupt x 2
e Timer Output (TO) x 2

e Capture/compare match signal x 2

e Overflow interrupt x 1

* Encoder clear interrupt x 1
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11.3 Configuration

Timer T is configured of the following hardware.

Table 11-1: Timer T Configuration

ltem

Configuration

Counter

16-bit counter

Registers

TMTn capture/compare registers 0, 1 (TTnCCRO, TTnCCR1)
TMTn counter read buffer register (TTnCNT)

TMTn counter write buffer register (TTnTCW)

TTnCCRO buffer register, TTnCCR1 buffer register

Timer input pins

7 (TITNO, TITn1, TEVTTn, TTRGTn, TENCTnO, TENCTn1, TECRTn)Neote

Timer output pins

2 (TOTnO, TOTn1)Note

Timer input signals

Timer output signals

TTnEQCO, TTnEQCH1

Control registers

TMTn control registers 0, 1 (TTnCTLO to TTnCTL2)
TMTn I/O control registers 0 to 2 (TTnlOCO to TTnlOC3)
TMTn option registers 0, 1 (TTnOPTO to TTnOPT2)

Interrupts

Compare match interrupt (INTTTnCCO, INTTTnCC1)
Overflow interrupt (INTTTnQOV)
Encoder clear interrupt (INTTTnEC)

Note: Alternate-function pins

Remark: n=0,1

444
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Table 11-2: List of Timer T Registers

Address Register Name Symbol R/W | Manipulable Bit Units | After Reset
1 8 16

FFFFF690H | TMTO control register O TTOCTLO R/W X X O00H
FFFFF691H | TMTO control register 1 TTOCTL1 R/W X X O0H
FFFFF692H | TMTO control register 2 TTOCTL2 R/W X X O0H
FFFFF693H | TMTO I/O control register O TTOIOCO R/W X X O0H
FFFFF694H | TMTOI/O control register 1 TTOIOC1 R/W X X O0H
FFFFF695H | TMTO I/O control register 2 TTOIOC2 R/W X X O0H
FFFFF696H | TMTO I/O control register 3 TTOIOC3 R/W X X O0H
FFFFF697H | TMTO option register O TTOOPTO R/W X X O00H
FFFFF698H | TMTO option register 1 TTOOPT1 R/W X X 00H
FFFFF699H | TMTO option register 2 TTOOPT2 R/W X X O00H
FFFFF69AH | TMTO capture/compare register O TTOCCRO R/W X 0000H
FFFFF69CH | TMTO capture/compare register 1 TTOCCR1 R/W X 0000H
FFFFF69EH | TMTO counter read buffer register TTOCNT R X 0000HNote
FFFFF990H | TMTO counter write buffer register TTOTCW R/W X 0000H
FFFFF6AOH | TMT1 control register O TT1CTLO R/W X X O00H
FFFFF6A1H | TMT1 control register 1 TT1CTL1 R/W X X O0H
FFFFF6A2H | TMT1 control register 2 TT1CTL2 R/W X X O00H
FFFFF6A3H | TMT1 I/O control register 0 TT110CO R/W X X O0H
FFFFF6A4H | TMT11/O control register 1 TT110C1 R/W X X O0H
FFFFF6A5H | TMT1 I/O control register 2 TT110C2 R/W X X O00H
FFFFF6A6H | TMT1 I/O control register 3 TT110C3 R/W X X O0H
FFFFF6A7H | TMT1 option register O TT10PTA R/W X X O0H
FFFFF6A8H | TMT1 option register 1 TT10PT1 R/W X X O0H
FFFFF6A9H | TMT1 option register 2 TT10PT2 R/W X X 00H
FFFFF6AAH | TMT1 capture/compare register O TT1CCRO R/W X 0000H
FFFFF6ACH | TMT1 capture/compare register 1 TT1CCR1 R/W X 0000H
FFFFF6AEH | TMT1 counter read buffer register TT1CNT R x| ooooHNote
FFFFF9AOH | TMT1 counter write buffer register TT1TCW R/W X 0000H

Note: When TTnCE =0

Remark:

n=0,1

User’s Manual U16580EE2V0UDOO

445



Chapter 11

16-bit Timer/Event Counter T

Figure 11-1:

Block Diagram of Timer T

Internal bus S
TTnCCRO TTnCCR1
LOAD _ LOAD TO [—® TOTnO
Control L TOTn1
A A
| TTnCCRO buffer | |'I'I'nCCR1 buffer
TTnEQC1/
7 1 » INTTTnCC1
\/ _ TTnEQCO/
Ho— /N Lk  INTTTnCCO
e
L —— Clock
@#16—®  generator LOAD
HI2——P > - P INTTTnOV
64 Counter - Counter P Clear
#256 » Control COUNT Clear
UP/DOWN
——-|
#1024 WYY
TENCTnO— Encoder clock — B INTTTREC
TENCTn1—® generator
LOAD
TTRGTn——# TTnTCW
TEVTTn—— / \
Edge v
TECRTn detector
TITn1——m~ TTnCCR1 —
TITnO—» TTnCCRO
TTnCNT
Internal bus S
Remark: n=0,1
m=0,1
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(1) TMTn capture/compare register 0 (TTnCCRO)

The TTnCCRO register is a 16-bit register that functions both as a capture register and as a
compare register.

This register can be read and written in 16-bit units only.

Reset input clears this register to 0000H.

Figure 11-2: TMTn Capture/Compare Register 0 (TTnCCRO0)

After reset: 0000H R/W Address: TTOCCRO FFFFF69AH,

TT1CCRO FFFFF6AAH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lo, T I I

The capture and compare functions are as follows in each mode.

Table 11-3: Capture/Compare Functions in Each Mode

Operation Mode Capture/Compare Setting of | Rewriting Method | Counter Clear Function

TTnCCRO Register during Compare

Interval mode

Compare only

Anytime write

Compare match

External event count mode

Compare only

Anytime write

Compare match

External trigger pulse output mode

Compare only

Batch write
(Reload)

Compare match

One-shot pulse mode

Compare only

Anytime write

Compare match

PWM mode

Compare only

Batch write
(Reload)

Compare match

Free-running mode

Capture/compare selectable

Anytime write

Pulse width measurement mode

Capture only

External input (TITnO pin)

Triangular wave PWM mode

Compare only

Batch write
(Reload)Nete 1

Compare match

Encoder compare mode

Compare only

Anytime write

Depends on set
conditionNote 2

Offset trigger generation mode

Capture only

External input (TITnO pin)

Notes: 1. The batch write reload timing is the counter underflow timing only.
2. The condition is set with the TTnECMO0 and TTnECM1 bits of the TTnCTL2 register.

Remark: n=0,1
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()

¢ Use as compare register

When TTnCE = 1, the TTnCCRO register rewrite method differs according to the operation
mode.

Refer to Table 11-3: Capture/Compare Functions in Each Mode.

(For details about the compare register rewrite operation, refer to 11.5.2 Method for writing
to compare register.)

Use as capture register

The counter value is saved to the TTnCRO register upon TITnO pin input edge detection. The
function to clear counters following capture differs according to the operation mode.

Refer to Table 11-3:  Capture/Compare Functions in Each Mode.

TMTn capture/compare register 1 (TTnCCR1)

The TTnCCR1 register is a 16-bit register that functions both as a capture register and a compare
register.

This register can be read and written in 16-bit units only.

Reset input clears this register to 0000H.

Figure 11-3: TMTn Capture/Compare Register 1 (TTnCCR1)

After reset: 0000H R/W Address: TTOCCR1 FFFFF69CH,

TT1CCR1 FFFFF6ACH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

meert | | [ [ [ [ [ [ [ [ [ [ T T | | |

448
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The capture/compare functions in each operation mode are as follows.

Table 11-4: Capture/Compare Functions in Each Mode

Capture/Compare Setting of | Rewriting Method |Counter Clear Function
TTnCCR1 Register during Compare

Operation Mode

Interval mode

Compare only

Anytime write -

External event count mode

Compare only

Anytime write

External trigger pulse output mode |Compare only Batch write -
(Reload)

One-shot pulse mode Compare only Anytime write -

PWM mode Compare only Batch write -
(Reload)

Free-running mode Capture/compare selectable | Anytime write -

External input (TITn1
pin)

Batch write -
(Reload)Note 1

Anytime write

Pulse width measurement mode Capture only

Triangular wave PWM mode Compare only

Depends on set
conditionsNote 2

Encoder compare mode Compare only

Batch write -
(Reload)Note 3

Offset trigger generation mode Compare only

Notes: 1. The batch write reload timing is the counter underflow occurrence timing only.
2. The conditions are set with bits TTnECMO and TTnECM1 of TTnCTL2 register.

3. The batch write reload timing is the counter’s 0000H clear timing only.

Remark: n=0,1

¢ Use as compare register
When TTnCE = 1, the write method of register TTNCCR1 differs according to the operation
mode.
Refer to Table 11-4: Capture/Compare Functions in Each Mode.
(For details about the compare register rewrite operation, refer to 11.5.2 Method for writing
to compare register.)

¢ Use as capture register
The counter value upon TITn1 pin input edge detection is saved to the TTnCCR1 register. The
function to clear the counter following capture also differs according to the mode.
Refer to Table 11-4: Capture/Compare Functions in Each Mode.
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(3) TMTn counter write buffer register (TTnTCW)

The TTnTCW register is a write buffer register that can write the counter value.

The setting value is valid only in the encoder compare mode, encoder capture mode. In all other
modes, the setting value is invalid.

This register can be read and written in 16-bit units.

Reset input clears this register to 0000H.

Remark: When TTnECC of register TTnCTL2 = 0, the setting value is loaded to the counter when the
TTnCE bit is set (to 1). (When TTnECC = 1, the counter holds its value, so it is not
reloaded.)

Figure 11-4: TMTn Counter Write Buffer Register (TTnTCW)

After reset: 0000H R/W Address: TTOTCW FFFFF990H,
TT1TCW FFFFF9AOH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
merew | | [ [ [ [ [ [T

(4) TMTn counter read buffer register (TTNnCNT)

The TTnCNT register is a read buffer register that can read the counter value.
This register can be read in 16-bit units only.
Reset input clears this register to 0000H.

Remark: When, in the encoder compare mode, encoder capture mode, the value of the TTnCE bit is
changed from “1” to “0”, the value that can be read by the TTnCNT register differs according
to the following conditions.

e When bit TTnECC of the TTnCTL2 register = 0, 0000H can be read.
e When bit TTnECC = 1, the value held when bit TTnCE was cleared to "0" can be read.

Figure 11-5: TMTn Counter Read Buffer Register (TTnCNT)

After reset:  000OH R/W Address: TTOCNT FFFFF69EH,
TT1CNT FFFFF6AEH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L= L N I B B B A .
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11.4 Control Registers

(1) TMTn control register 0 (TTnCTLO)

TTnCTLO is an 8-bit register that controls the operation of TMTn.

This register can be read and written in 8-bit or 1-bit units.

Reset input clears this register to 00H. Reset input clears this register to 00H.

When TTnCE = 1, only the TTnCE bit of the TTnCTLO register can be changed. Perform write
access to the other bits using the same values.

Figure 11-6: TMTn Control Register 0 (TTnCTLO0) (1/2)

After reset: O0O0H R/W Address: TTOCTLO FFFFF690H,
TT1CTLO FFFFF6A0H
7 6 5 4 3 2 1 0
TTnCTLO | TTnCE 0 0 0 0 TTnCKS2 | TTnCKS1 | TTnCKSO0
(n=0,1)
TRnCE TMTn Operation Control
0 Internal operating clock operation disabled (TMTn reset asynchronously)
1 Internal operating clock operation enabled

When bit TTnCE is set to “0”, the internal operation clock of TMTn stops (fixed to low
level), and TMTn is reset asynchronously.

When bit TTnCE is set to “1”, the internal operation of TMTn is enabled from when bit
TTnCE was set to “1” and count-up is performed. The time until count-up is as listed in
Table TMTn Count Clock and Time Until Count-Up.

Remarks: 1. In the encoder compare mode, encoder capture mode, the functions that
are reset when TTnCE = 0 and TTnECC = 1 are as follows.
e Compare match detector (interrupt output low level)
e Timer output (Output inactive level)
e Edge detector for other than pins TENCTn0O, TENCTn1, and TECRTn

2. The following functions are not reset.
e Counter
e Flags in TTnOPT1 register
e TTnCCRO buffer, TTnCCR1 buffer register, counter read buffer register
e TENCTNO, TENCTn1, TECRTn pin edge detector

3. In modes other than the above, (in which TTnECC is fixed to 0), the
functions that are reset by TTnCE = 0 are as follows.

* Internal registers other than registers that can be written from the CPU,
and internal latch circuits

Remark: n=0,1
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Figure 11-6: TMTn Control Register 0 (TTnCTLO) (2/2)

TTnCKS2 | TTnCKS1 | TTnCKSO0 Internal Count Clock Selection

0 0 0 fyx/2

0 0 1 fyx/4

0 1 0 fyx/8

0 1 1 fyx/16

1 0 0 fyx/32

1 0 1 fyx/64

1 1 0 fyx/256

1 1 1 fyx/1024

Table 11-5: TMTn Count Clock and Count Delay
Count Clocks | TTnCKS2 | TTnCKSH1 TTnCKSO Count Delay
Minimum Maximum
fxx/2 0 0 0 3 base clocks 4 base clocks
fux/4 0 0 1
fxx/8 0 1 0
fxx/16 0 1 1 4 base clocks 5 base clocks
fx/32 1 0 0 1 cour:rt clock
fxx/64 1 0 1
fyx/256 1 1 0
fxx/1024 1 1 1

Remarks: 1. fyy: System clock

2.
3.

452

frvTn: Base clock of TMTn (frytn = fxx/2)

n=0,1
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(2) TMTn control register 1 (TTnCTL1)

The TTnCTL1 register is an 8-bit register that controls the operation of TMTn.

This register can be read and written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Set the TTnCTL1 register when TTnCE = 0. When TTnCE = 1, the bits other than bit TTnEST
(TTnEEE, TTnMD3 to TTnMDO, TTnSYE) can be write accessed using the same value.

Caution: In the one-shot pulse mode and external trigger pulse output mode, write access
using "1", the same value as that of bit TThEST, functions as one trigger.

Figure 11-7: TMTn Control Register 1 (TTnCTL1) (1/2)

After reset: 00H R/W Address: TROCTL1 FFFFF691H,
TR1CTL1 FFFFF6A1H
7 6 5 4 3 2 1 0
TTnCTL1 | 0 TTnEST | TTnEEE 0 TTnMD3 | TTnMD2 | TTnMD1 | TTnMDO
(n=0,1)
TTnEST Software Trigger Control
0 No operation
1 Enable software trigger control

¢ In one-shot pulse mode
(One-shot pulse software trigger)

TTnCE = 1. Always write TTNEST = 1 when TTnCE = 1.

e In external trigger pulse output mode
(Pulse output software trigger)

Remark: “0”is always read out from the TTnEST bit.

Can be made to function as a software trigger by setting TTnETS to 1 when

TTnEEE Count Clock Selection

0 Use of clock selected with bits TTNCKS2 to TTnCKSO of TTnCTLO register

1 Use of external clock (TEVTTn pin input edge)

bits TTNEES1 and TTnEESO of TTnlOC2 register.)

Specification of the valid edge when TTnEEE = 1 (external clock: TEVTTn pin) is set with

Remark: The setting of bit TTnEEE is invalid in the external event count mode, encoder
compare mode, encoder capture mode, encoder capture/compare mode.

Caution: Rewrite the TThEEE bit only when TTnCE = 0. (The same value can be written when
TTnCE = 1.) The operation is not guaranteed if rewriting is performed when
TTnCE = 1. If rewriting was mistakenly performed, set TThCE = 0 and then set the bit

again.

Remark: n=0,1
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Figure 11-7: TMTn Control Register 1 (TTnCTL1) (2/2)

TTnMD3 | TTnMD2 | TTnMD1 | TTnMDO Timer Mode
0 0 0 0 Interval mode
0 0 0 1 External event count mode
0 0 1 0 External trigger pulse output mode
0 0 1 1 One-shot pulse mode
0 1 0 0 PWM mode
0 1 0 1 Free-running mode
0 1 1 0 Pulse width measurement mode
0 1 1 1 Triangular wave PWM mode
1 0 0 0 Encoder compare mode
1 1 0 0 Offset trigger generation mode
Other than above Setting prohibited

Caution: Rewrite the TTnMD3 to TTnMDO bits only when TTnCE = 0. (The same value can be
written when TTnCE = 1.) The operation is not guaranteed if rewriting is performed
when TTnCE = 1. If rewriting was mistakenly performed, set TTnCE = 0.

Remark: n=0,1
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(8) TMTn control register 2 (TTnCTL2)

The TTnCTL2 register is an 8-bit register that controls the operation of TMTn.

This register can be read and written in 8-bit or 1-bit units.

Reset input clears this register to 00H.

The settings of the TTnCTL2 register are valid only in the encoder compare mode. The settings of
this register are invalid in all other modes.

Set the TTnCTL2 register when TTnCE = 0. When TTnCE = 1, write access to the TTnCTL2
register can be performed with the same value.

Figure 11-8: TMTn Control Register 2 (TTnCTL2) (1/2)

After reset: 00H R/W Address: TROCTL1 FFFFF692H,
TR1CTL1 FFFFF6A2H
7 6 5 4 3 2 1 0
TTnCTL2 | TTnECC 0 0 TTnLDE |TTnECM1|TTnECMO|TTnUDS1 | TTnUDSO
(n=0,1)
TTnECC Selection of Initialization/Hold of Counter Value when TTnCE = 0
0 Initialize counter value when TTnCE =0
1 Hold counter value when TTnCE =0

When TTnECC = 0, setting TTnCE = 0 causes the counter to be reset to FFFFH, the
capture registers (TTnCCRO/TTnCCR1) to be reset to 0000H, and the encoder-dedicated
flags (TTNEOF/TTnEUF/TTNESF) to be reset to 0. When TTnECC = 0, the value of the
TTnTCW register is loaded to the counter when TTnCE is set from 0 to 1.

When TTnECC = 1, setting TTnCE = 0 causes the values of the counter, capture registers
(TTnCCRO/TTnCCR1), and encoder dedicated flags (TTnEOF/TTnEUF/TTnESF) to be
held. When TTnECC = 1, the value of the TTnTCW register is not loaded to the counter.

Remark: The setting of bit TTNECC is valid in the encoder compare mode.

TTnLDE Encoder Load Enable

0 Disable transfer of compare setting value to counter

Enable transfer of compare setting value (TTnCCRO) to counter when

1
underflow occurs

Remark: The setting of bit TTnLDE is valid in the encoder compare mode and bits
TTnECM1 and TTnECMO are set as follows.

e TTnECM1 =0, TTNRECMO =0 or 1

TTnECM1 Encoder Clear Mode on Match of Counter and TTnCCR1 Register

0 No clear condition

When the counter and TTnCCR1 register match, clear the counter if the next

1 count is a down count (TTnESF = 1)

Remark: The setting of bit TTNECM1 is valid in the encoder compare mode.

Remark: n=0,1
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Figure 11-8: TMTn Control Register 2 (TTnCTL2) (2/2)

TTnECMO Encoder Clear Mode on Match of Counter and TTnCCRO Register

0 No clear condition

When the counter and TTnCCRO register match, clear the counter if the next

1 count is a down count (TTnESF = 0)

Remark: The setting of bit TTNRECMO is valid in the encoder compare mode.

TTnUDS1 | TTnUDSO Encoder Operation Mode

0 0 Upon detection of the valid edge of the A phase of encoder input
(TENCTNO pin), the following count operation is performed in the B
phase of encoder input.

* When "high", count down.
e When "low", count up.

0 1 Count up upon detection of valid edge of A phase of encoder input
(TENCTNO pin).

Count down upon detection of valid edge of B phase of encoder
input (TENCTn1 pin).

1 0 Count up at rising edge of A phase of encoder input (TENCTnO
pin). Count down at falling edge of A phase of encoder input.
However, count operation is performed only when B phase of
encoder input (TENCTn1 pin) is “low”.

1 1 Detection of both edges of phase A of encoder input (TENCTnO
pin)/phase B of encoder input (TENCTn1 pin).

Judgment of count operation based on combination of detection
edge and input level.

Remarks: 1. When bits TTnUDS1 and TTnUDSO are set to 10B or 11B, the settings of bits TTnEIS1
and TTnEISO of the TTnlOC3 register are invalid, and these bits are fixed to the setting
for detection of both edges.

2. n=0,1
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(4) TMTn l/O control register 0 (TTnlIOCO0)

The TTnlOCO register is an 8-bit register that controls timer output (TOTn0 and TOTn1 pins).

This register can be read and written in 8-bit or 1-bit units.

Reset input clears this register to 00H.

Set the TTnIOCO register when TTnCE = 0. When TTnCE = 1, write access to the TTnlOCO
register can be performed using the same value.

Figure 11-9: TMTn I/O Control Register 0 (TTnlOCO)

After reset: 00H R/W Address: TROIOCO FFFFF693H,
TR110C0 FFFFF6A3H
6 5 4 3 2 1 0
TTnlOCO | 0 0 0 0 TTnOL1 | TTnOE1 | TTnOLO | TTnOEO
(n=0,1)
TTnOLm Timer Output Level Setting (TOTnm pin)
0 Normal output (Low level, when output is inactive.)
1 Inverted output (High level, when output is inactive.)
TTnOEm Timer Output Control (TOTnm pin)
0 Timer output disabled (TOTnm pin output is fixed to inactive level.)
1 Timer output enabled (A pulse can be output from the TOTnm pin.)
Remark: n=0,1
m=0, 1
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(5) TMTn I/O control register 1 (TTnlOC1)
The TTnlOC1 register is an 8-bit register that controls the valid edge of capture input (TITn1 and
TITnO pins).
This register can be read and written in 8-bit or 1-bit units.
Reset input clears this register to O0H.
Set the TTnIOC1 register when TTnCE = 0. When TTnCE = 1, write access to the TTnlOC1
register can be performed using the same value.

Figure 11-10: TMTn I/O Control Register 1 (TTnlOC1)

After reset: 00H R/W Address: TROIOC1 FFFFF694H,
TR110C1 FFFFF6A4H
4 3 2 1 0
TTnlOCA1 | 0 0 0 0 TTnIS3 | TTnlS2 | TTnIS1 | TTnISO
(n=0,1)
TTnIS3 | TTnIS2 Capture Input (TITn1) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Capture operation is performed and capture interrupt (INTTTnCC1) is output upon edge

detection.

Remark: The setting of bits TTnIS3 and TTnIS2 are valid in the free-running mode and
pulse width measurement mode.

TTnISA TTnlSO Capture Input (TITn0) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Capture operation is performed and capture interrupt (INTTTnCCO) is output upon edge

detection.

Remark: The setting of bits TTnIS1 and TTnISO are valid in the free-running mode and
pulse width measurement mode.

Remark: n=0,1
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(6) TMTn I/O control register 2 (TTnlOC2)

The TTnlOC2 register is an 8-bit register that controls the valid edge of external event count input

(TEVTTn pin) and external trigger input (TTRGTn pin).
This register can be read and written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Set the TTnIOC2 register when TTnCE = 0. When TTnCE = 1, write access to the TTnlOC2

register can be performed using the same value.

Figure 11-11: TMTn I/O Control Register 2 (TTnlOC2)

After reset: 00H R/W Address: TROIOC2 FFFFF695H,
TR1I0C2 FFFFF6A5H
4 3 2 1 0
TTnlOC2 | 0 0 0 0 TTnEES1 | TTnEESO | TTnETS1 | TTNETSO
(n=0,1)

TT1EES1 | TT1EESO External Event Counter Input (TEVTTn) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Remark: The settings of bits TTNEES1 and TTnEESO are valid in the external event
count mode, or when bit TTnEEE of the TTnCTL1 register = 1.

TT1ETS1 | TT1ETSO External Trigger Input (TTRGTn) Valid Edge Setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Remark: The settings of bits TTNETS1 and TTnETSO are valid in the external trigger
pulse output mode and the one-shot pulse mode.

Remark: n=0,1
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(7) TMTn I/O control register 3 (TTnlIOC3)

The TTnlOC3 register is an 8-bit register that controls the valid edge of encoder clear input
(TECRTRN pin) and encoder input (TENCTn1 and TENCTnNO pins).

This register can be read and written in 8-bit or 1-bit units.

Reset input clears this register to O0H.

Set the TTnIOC3 register when TTnCE = 0. When TTnCE = 1, write access to the TTnlOC2
register can be performed using the same value.

Figure 11-12: TMTn I/O Control Register 3 (TTnlOC3) (1/2)

After reset: 00H R/W Address: TROIOC3 FFFFF696H,
TR1I0C3 FFFFF6A6H
7 6 5 4 3 2 1 0

TTnlOC3 |TTnSCE TTnZCL | TTnBCL | TTnACL |TTnECS1|TTnECSO0| TTnEIS1 | TTnEISO
(n=0,1)

TTnSCE Selects the encoder counter clear method

0 Clear upon detection of edge of TECRTn pin

1 Clear upon match of clear condition level

When TTnSCE = 1, the counter is cleared to 0000H if all the conditions set with bits
TTnZCL, TTnBCL, and TTnACL are matched.

When TTnSCE = 1, the settings of bits TTnECS1 and TTnECSO are invalid, so no encoder
clear interrupt (INTTTnEC) is output.

When TTnSCE = 0, the settings of bits TTnZCL, TTnBCL, and TTnACL are invalid. The
settings of bits TTNECS1 and TTnECSO0 become valid, and the encoder clear interrupt
(INTTTnEC) is output.

Caution: When TTnSCE = 1, be sure to set bits TTnUDS1, and TTnUDSO of the
TTnCTL2 register to 10B or 11B.

TTnZCL Sets the clear level for the Z phase of encoder input (TECRTn pin)
0 Clear condition = Low level
1 Clear condition = High level

Remark: The TTnZCL bit is valid when TTnSCE = 1.

TTnBCL Sets the clear level for the B phase of encoder input (TENCTn1 pin)
0 Clear condition = Low level
1 Clear condition = High level

Remark: The TTnBCL bit is valid when TTnSCE = 1.

TTnACL Sets the clear level for the A phase of encoder input (TENCTnNO pin)
0 Clear condition = Low level
1 Clear condition = High level

Remark: The TTnACL bit is valid when TTnSCE = 1.

Remark: n=0,1
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Remark:

Figure 11-12: TMTn I/O Control Register 3 (TTnlOC3) (2/2)

TTnECS1 | TTnECSO Set the valid edge of encoder clear input (TECRTn pin)
0 0 No edge detection
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both rising and falling edge detection

The encoder clear interrupt (INTTTnEC) is output upon detection of the valid edge set
with bits TTnECS1, TTnECSO0.

Caution: When TTnSCE = 1, the encoder clear interrupt (INTTTnEC) is not output.

Remark: Bits TTNnECS1 and TTnECSO are valid in the encoder compare mode and
when TTnSCE = 0.

TTnEIS1 | TTnEISO Set the valid edge of the encoder input signal
(TENCTn1/TENCTNO pins)
0 No edge detection
1 Rising edge detection
1 0 Falling edge detection
1 1 Both rising and falling edge detection

Remark: Bits TTnEIS1 and TTnEISO are valid when bits TTnUDS1 and TTnUDSO of
register TTnCTL2 are “00B” or “01B”.

n=0,1
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(8) TMTn option register 0 (TTnOPTO)

The TTnOPTO register is an 8-bit register that sets the capture/compare operation and detects

overflow.

This register can be read and written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Set the bits of the TTnOPTO register other than TTnOVF when TTnCE = 0. When TTnCE =1,
write access of bits of the TTnOPTO register other than TTnOVF can be performed using the same

value.

After reset: 00H

Figure 11-13: TMTn Option Register 0 (TTnOPTO0)

R/W Address: TROIOC3 FFFFF697H,
TR110C3 FFFFF6A7H

6 5 4 3 2 1 0
TTnOPTO | 0 0 TTnCCS1|TTnCCSO 0 0 0 TTnOVF
(n=0,1)
TTnCCSH Specifies the operation mode of register TTNCCR1
0 Operation as compare register
1 Operation as capture register
Remark: The setting of bit TTnCCS1 is valid in the free-running mode only.
TTnCCSO Specifies the operation mode of register TTnCCRO
0 Operation as compare register
1 Operation as capture register
Remark: The setting of bit TTnCCSO is valid in the free-running mode only.
TTnOVF Flag that indicates TMTn overflow
0 No overflow occurrence after timer restart or flag reset

1

Overflow occurrence

cleared.
Remark:

Cautions:

In the free-running mode, pulse width measurement mode, and offset trigger generation
mode, if the counter value is counted up from FFFFH, overflow occurs, the TTnOVF flag is
set (1), and the counter is cleared to 0000H. The counter is also cleared by writing 0. At
the same time that the TTnOVF flag is set (1), an overflow interrupt (INTTTnOV) occurs.
If 0 is written to the TTnOVF flag, or if TTNnECC = 0 and TTnCE = 0 are set, the counter is

Overflow does not occur during compare match & clear operation for counter

value FFFFH and compare value FFFFH.

1. If overflow occurs in the encoder compare mode, the encoder-dedi-
cated overflow flag (TTnEOF) is set, and the overflow flag (TTnOVF) is
not set. At this time, the overflow interrupt (INTTTnOV) is output.

2. When TTnOVF = 1, the TTnOVF flag is not cleared even if the TTnOVF
flag and TTnOPTO register are read.

3. The TTnOVF flag can be read and written, but even if 1 is written to
the TTnOVF flag from the CPU, this is invalid.

Remark: n=0,1
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(9) TMTn option register 1 (TThOPT1)

The TTnOPT1 register is an 8-bit register that detects encoder-dedicated underflow, overflow, and
counter up/down operation.

This register can be read and written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

The setting of the TTnOPT1 register is valid only in the encoder compare mode. In all other
modes, the setting value is invalid.

TTnOPT1 |
(n=0,1)

Figure 11-14: TMTn Option Register 1 (TTnOPT1) (1/2)

After reset: 00H R/W Address: TROIOC3 FFFFF698H,
TR1I0C3 FFFFF6A8H
4 3 2 1 0
0 0 0 0 0 TTnEUF | TTnEOF | TTnESF
TTnEUF Indication of Encoder Underflow
0 No underflow indicated
1 Indicates counter underflow in the encoder compare mode
If the counter value is counted down from 0000H, underflow occurs, the OVF flag is set (to
1), and the counter is set to FFFFH. When the TTnEUF flag is set (to 1), an overflow
interrupt (INTTTnQV) occurs at the same time.
The TTnEUF flag is cleared (to 0) under the following conditions.
e When 0 is written by CPU instruction
e When TTnCE =0 is set while TTnECC =0
Cautions: 1. The TTnEUF flag is not cleared even if it is read.
2. The TTnEUF flag can be read and written, but even if 1 is written to the
TTnEUF flag, this is invalid.
Remark: When bit TTnECC of the TTnCTL2 register is 1, the flag status is held even if
the value of bit TTnCE is changed from 1 to 0.
n=0,1

Remark:

User’s Manual U16580EE2V0UDOO

463



Chapter 11 16-bit Timer/Event Counter T

Remark:

464

Figure 11-14: TMTn Option Register 1 (TTnOPT1) (2/2)

TTnEOF Indication of Encoder Overflow
0 No overflow indicated
1 Indicates counter overflow in the encoder compare mode

If the counter value is counted up from FFFFH, overflow occurs, the OVF flag is set (1),
and the counter is cleared to 0000H. At the same time that the TTnEOF flag is set (1), an
overflow interrupt (INTTTnOV) occurs. However, the TTnOVF flag is not set (to 1).

The TTnEOF flag is cleared (0) under the following conditions.
e When 0 is written by CPU instruction
e When TTnCE =0 is set while TTnECC =0
Cautions: 1. The TThEOF flag is not cleared even if it is read.
2. The TTnEOF flag can be read and written, but even if 1 is written to
the TTnEOF flag from the CPU, this is invalid.

Remark: When bit TTnECC of the TTnCTL2 register is 1, the flag status is held even if
the value of bit TTnCE is changed from 1 to 0.

TTnESF Indication of Encoder Count Direction

0 Indicates the up count operation of the counter in the encoder compare mode.

Indicates the down count operation of the counter in the encoder compare

1 mode.

The TTnESF flag is cleared (to 0) under the following conditions.
e When TTnCE =0 is set while TTnECC =0

Remark: When bit TTnECC of the TTnCTL2 register is 1, the flag status is held even if
the value of bit TTnCE is changed from 1 to 0.

n=0,1
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(10) TMTn option register 2 (TThOPT2)

The TTnOPT2 register is an 8-bit register that indicates the reload request status when performing
write access to compare registers using the reload method.
This register can only be read in 8-bit or 1-bit units.

Reset input clears this register to O0H.
The read contents of the TTnOPT2 register are valid only in the external trigger pulse mode, PWM
MODE, and offset trigger generation using the reload method. In all other modes, the read

contents are 0.

After reset: 00H

Figure 11-15: TMTn Option Register 2 (TTnOPT2)

R/W Address: TROIOC3 FFFFF699H,

TR110C3 FFFFF6A9H

4 3 2 0
TTOPT2 | 0 0 0 0 TTnRSF
(n=0,1)
TTnRSF Reload Status Flag
0 No reload request, or reload completed

1

Reload request was output

Caution:

TTnCCR1 registers.

It indicates that the data to be transferred next is held pending in the TTnCCRO and
TTnCCRT1 registers.
The TTnRSF flag is set (1) by writing to the TTnCCR1 register, and it is cleared (0) upon
reload completion.

When TTnRSF = 1, do not perform write access to the TTnCCRO and

Remark: n=0,1
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11.5 Basic Operation

11.5.1 Basic counter operation

This section describes the basic operation of the counter. For details, refer to chapter 11.6 Operation
in Each Mode.

(1)

()

Counter start operation

(a) Encoder compare mode

The count operation is controlled by the phases of pins TENCTn0 and TENCTn1.

When TTnCE = 0 and TTnECC = 0, the counter is initialized by the TTnTCW register and the
count operation is started. (The setting value of the TTnTCW register is loaded to the counter at
the timing when TTnCE changes from 0 to 1.)

(b) Triangular wave PWM MODE

The counter starts counting from initial value FFFFH.
It counts up FFFFH, 0000H, 0001H, 0002H, 0003H...
Following count up operation, the counter counts down upon a match with the TTnCCRO register.

(c) Modes other than the above

The counter starts counting from initial value FFFFH.
It counts up FFFFH, 0000H, 0001H, 0002H, 0003H...

Counter clear operation
There are the following five counter clear causes.

¢ Clear through match between counter value and compare setting value.

e Capture and clear through capture input

e Counter clear through encoder clear input (TECRTn pin)

¢ Counter clear through match with clear condition level

e Clear through clear signal input (TTnSYCI) for synchronization function during slave operation

Remark: n=0,1
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Table 11-6: Counter Clear Operation

Operation Mode

Clear Cause

TTnCCRO

TTnCCR1

Other

Interval mode

Compare match

External event count mode

Compare match

External trigger pulse output mode

Compare match

Externaltrigger (TTRGTn
pin)

One-shot pulse mode

Compare match

PWM mode

Compare match

Free-running mode

Pulse width measurement mode

Externalinput (TITnO and
TITn1 pins)

Triangular wave PWM mode

Compare match

Encoder compare mode

Depends on set
conditionsNote

Depends on set
conditionsNote

Pin TECRTn, clear
condition level match

Offset trigger generation mode

External input (TITnO pin)

Note: Conditions are set with bits TTNECMO and TTnECM1 of the TTnCTL2 register.

(3) Counter reset and hold operations
In the encoder compare mode, counter value hold is controlled with bit TTnECC of the TTnCTL2

register.

If TTNCE = 0 is set when TTnECC = 0, the counter is reset to 0000H. The setting value of the

TTnTCW register is loaded to the counter when TTnCE = 1 is set next.

If TTnCE = 0 is set when TTnECC = 1, the counter value is held as is. Counting resumes from the

held value when TTnCE =

1 is set next.

(4) Counter read operation during counter operation
In TMT, the counter value can be read during count operation using the TTnCNT register.

Remark: n=0,1
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®)

(6)

@)

Overflow operation

Counter overflow occurs in the free-running mode, pulse width measurement mode, encoder
compare mode and offset trigger generation mode.

Overflow occurs when the counter value changes from FFFFH to 0000H.

In the free-running mode, pulse width measurement mode, offset trigger generation mode, the
overflow flag (TTnOVF) is set to 1 and an overflow interrupt (INTTTnOV) is output. At this time, the
TTnEOF flag is not set.

In the encoder compare mode, the encoder dedicated overflow flag (TTnEOF) is set to 1 and an
overflow interrupt (INTTTnQOV) occurs. At this time, the TTnOVF flag is not set.

Under the following conditions, overflow does not occur.

¢ When the counter value changes from initial setting FFFFH to 0000H immediately after
counting start

* When FFFFH is set to the compare register, and the counter is cleared to 0000H upon a match
between the counter value and the compare setting value.

e When, in the pulse width measurement mode and offset trigger generation mode, capture
operation is performed for counter value FFFFH, and the counter is cleared to 0000H.

Underflow operation

Counter underflow occurs in the triangular wave PWM Mode and encoder compare mode.
Underflow occurs when the counter value changes from 0000H to FFFFH.

When underflow occurs in the triangular wave PWM mode, an overflow interrupt (INTTTnOV)
occurs. At this time, the TTnOVF flag is not set.

In the encoder compare mode, the encoder dedicated underflow flag (TTnEUF) is set to 1, and an
overflow interrupt (INTTTnQV) occurs.

Underflow does not occur during count down immediately following counter start.

Description of interrupt signal operation
In TMT, the following interrupt signals are output.

Name Occurrence Cause

INTTTnCCO e Match between counter and setting value of TTnCCRO register
e Capture to TTnCCRO register due to TITnO pin input

INTTTnCCA1 ¢ Match between counter and setting value of TTnCCR1 register
e Capture to TTnCCR1 register due to TITn1 pin input

INTTTnOV Overflow and underflow occurrence

INTTTnECNete | Counter clearing through TECRTn pin

Note: In the encoder compare mode, when TTnSCE = 0, an encoder clear interrupt (INTTTnEC) is

output.

Remark: n=0,1
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11.5.2 Method for writing to compare register

The TTnCCRO and TTnCCRH1 registers can be rewritten during timer operation (TTnCE = 1). There are

two write modes (anytime write, reload), depending on the mode.

(1) Anytime rewrite method

When the TTnCCRO and TTnCCR1 registers are written during timer operation, the write value is
immediately transferred to the TTnCCRO buffer register and TTnCCR1 buffer register and is used

as the value to be compared with the counter.

Figure 11-16: Basic Operation Flow for Anytime Rewrite

START

Initial settings

Timer operation enable (TTnCE = 1)
— Values of TTnCCRO and TTnCCR1 are
transferred to buffers TTnCCRO and
TTnCCR1.

>

TTnCCRO rewrite
— Transfer to buffer TTnCCRO

TTnCCR1 rewrite
—s Transfer to buffer TTnCCR1

o Match between TTnCCRO value and
counter
e Counter clear & start

Remarks: 1. The interval mode is used as an example.

2. n=0,1
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Remarks: 1.

470

Figure 11-17: Basic Anytime Rewrite Operation Timing

Counter

TTnCE

TTnCCRO

TTnCCRO
buffer

TTnCCR1

TTnCCR1
buffer

INTTTnCCO

INTTTnCCH

ot |

Dot — Dot —
/ / Df B

b

A
> \ Do1 X Doz >
| | | % |
0000H Do+ Doz 3
> \ D14 X D12 >
| - .
0000H D11 X D12 3

Do1, Do2: Setting values of TTnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TTnCCR1 register (0000H to FFFFH)

The interval mode is used as an example.

3. n=0,1
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(2) Reload method (Batch rewrite)
When TTnCCRO, TTnCCRT1 register write is performed during timer operation, the written value is
used as the comparison value for the counter via the TTnCCRO and TTnCCR1 buffer registers.
Under the reload method, rewrite the TTNCCRO register before the TTnCCRO register value is
matched, and next, write to the TTnCCR1 register.
Then, when the TTnCCRO register is matched or the counter is cleared to 0000H through external
input, the values of the TTnCCRO register and TTnCCR1 register are reloaded.
By writing to the TTnCCR1 register, the value becomes valid at the next reload timing.
Therefore, even if wishing to rewrite only the value of the TTnCCRO, rewrite the same value to the
TTnCCR1 register to make the next reload valid.

Figure 11-18: Basic Operation Flow for Reload (Batch Rewrite)

START

Initial settings

Timer operation enable (TTOCE = 1)
— Values of TTnCCRO and TTnCCR1 are
transferred to buffers TTnCCRO and
TTnCCR1.

TTnCCRO rewrite

—» Reload enable
TTnCCR1 rewrite

o Match between TTnCCRO value and

counter L 5 INTTTnCCO

e Counter clear & start

e Reload of value of TTnCCRO and
TTnCCR1 to TTnCCRO and TTnCCR1
buffers

occurrence

Caution: Rewrite to the TTnCCR1 register includes enabling reload. Therefore, rewrite the
TTnCCR1 register after rewriting the TTnCCRO register.

Remarks: 1. The PWM mode is used as an example.
2. n=0,1
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Figure 11-19: Basic Reload Operation Timing

>

Dos
Doz D -

Counter / y/yyy/yz
TTnCE |

AN
TTnCCRO S Dot X Doz L Dos S
B S T O
buffer MX Do ) XY Dos S

\ \ | Note ¢ Write same value

TTnCCR1 S D11 X ~. D= D12 kS
TTnCCR1 l 2 l ‘ ‘ o l
buffer 000 D11 X D12 Not D12 S
INTTTnCCO h
INTTTnCCH

Note: Since the TTnCCR1 register is not written to, reloading is not performed even if TTnCCRO is
rewritten.

Remarks: 1. Do1, Doz, Dos: Setting values of TTnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TTNCCR1 register (0000H to FFFFH)

2. The PWM mode is used as an example.
3. n=0,1

Table 11-7: Capture/Compare Rewrite Methods in Each Mode

Operation Mode Capture/Compare Rewrite Method
TTnCCRO TTnCCR1
Interval mode Compare only (Anytime write type)

External event count mode

External trigger pulse output mode | Compare only (Reload type)

One-shot pulse mode Compare only (Anytime write type)
PWM mode Compare only (Reload type)
Free-running mode Capture/compare selectable

(When compare is selected, anytime write type)

Pulse width measurement mode Capture only

Triangular wave PWM mode Compare only (Reload type)
Encoder compare mode Compare only (Anytime write type)
Offset trigger generation mode Capture only ‘ Compare only (Reload type)
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11.6 Operation in Each Mode

11.6.1 Interval timer mode

In the interval timer mode, a compare match interrupt (INTTTnCCO) occurs and the counter is cleared
upon a match between the setting value of the TTnCCRO register and the counter value. The
occurrence interval for this counter and TTnCCRO register match interrupt becomes the interval time.
In the interval timer mode, the counter is cleared only upon a match between the counter and the value
of the TTnCCRQO register. Counter clearing using the TTnCCR1 register is not performed.

However, the setting value of the TTnCCR1 is compared to the counter value transferred to the
TTnCCR1 buffer register and a compare match interrupt (INTTTnCC1) is output.

The TTnCCRO and TTnCCR1 registers can be rewritten using the anytime write method, regardless of
the value of bit TTnCE.

Pins TOTNnO and TOTn1 are toggle output controlled when bits TTnOEQ and TTnOE1 are set to 1.

Figure 11-20: Basic Operation Flow in Interval Timer Mode

START

Initial settings
e Clock selection
(TTnCTLO: TTnCKS2 to TTnCKSO0)
e Interval mode setting
(TTnCTL1: TTnMD3 to TTnMDO = 0000)
e Compare register setting
(TTnCCRO, TTnCCR1)

Timer operation enable (TTnCE = 1)
— Transfer of TTnCCRO and TTnCCR1
values to TTNCCRO and TTnCCR1 buffers

—
T

INTTTnCCH1
Match between counter and TTnCCR1 —

occurrence
buffer value

Note

INTTTnCCO
occurrence

Match between counter and —_—
TTnCCRO buffer value, counter
clear & start

Note: In the case of a match between the counter and TTnCCR1 register, the counter is not cleared.
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Figure 11-21: Basic Timing in Interval Timer Mode (1/2)

(a) When D1>D2>D3, only value of TTnCCRO register is rewritten, TOTn0 and TOTn1
are not output (TTnOEO, 1 =0, TTnOL0O =0, TTnOL1=1)

FFFFH
D1 - D1 -
/ / 7 _
Counter D3 D3 D3 _
TTnCE
A
TTnCCRO g D1 D X 2 g

7 1N
1 1 1

A A B
A: Interval time (D1|+ 1) - count clack A: Interval time (D2 +|1) - count clock
TOTnO Low
TOTn1 High

Remarks: 1. D1, D2: Setting values of TTnCCRO register (0000H to FFFFH)
Da3: Setting values of TTnCCR1 register (0000H to FFFFH)

2. |Interval time = (Dm + 1) x (count clock cycle)
m=1t03,n=0, 1
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Figure 11-21: Basic Timing in Interval Timer Mode (2/2)

(b) When D1 = D2, values of TTnCCRO and TTnCCR1 registers not rewritten,
TOTn1 output performed (TTnOEO, 1 =1, TTnOL0O =0, TTnOL1=1)

FFFFH
D1=D2 _, Di1=D2 _,__ D1=D2 _,

Counter

TTnCE

—_—

A

TTnCCRO S D1 S
TTnCCR1 S D2 S

INTTTnCCO

INTTTnCCH |

TOTnO

| |

TOTn1

A
\4
A
v
A
\ 4

Interval time Interval time Interval time

Remarks: 1. D1: Setting value of TTnCCRO register (0000H to FFFFH)
D2: Setting value of TTnCCR1 register (0000H to FFFFH)

2. Interval time = (Dm + 1) x (count clock cycle)
3. TOTnO, TOTn1 toggle time = (Dm + 1) x (count clock cycle)
m=1,2,n=0,1
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11.6.2 External event count mode

In the external event count mode, count up starts upon external event input (TEVTTn pin). (The
external event input (TEVTTn) is used as the count clock, regardless of bit TTnEEE of the TTnCTL1
register.)

In the external event count mode, the counter is cleared only upon a match between the counter and
the value of the TTnCCRO register. Counter clearing using the TTnCCR1 register does not work.
However, the value of the TTnCCR1 register is transferred to the TTnCCR1 buffer register, compared to
the counter value, and a compare match interrupt (INTTTnCC1) is output.

The TTnCCRO and TTnCCR1 registers can be rewritten with the anytime write method, regardless of
the value of bit TTnCE.

Pins TOTNnO and TOTn1 are toggle output controlled when bits TTnOEQ and TTnOE1 are set to 1.
When using only one compare register channel, it is recommended to set the TTnCCR1 register to
FFFFH.

[External event count operation flow]

<1> TTnCTL1 register bits TTnMD3 to TTnMDO = 0001B (mode setting)
Edge detection set with TTnlOC2 register bits TTNEES1 and TTnEESO (TTnEESHT,
TTnEESO = setting other than 01B)

<2> TTnCTLO register bit TTNnCE = 1 (count enable)

<3> TEVTTn pin input edge detection (count-up start)

Cautions: 1. In external event count mode, when the setting value of the TTnCCRO register is
set to m, the number of TEVTTn pin input edge detection times is m+1.

2. In external event count mode, do not send the TThnCCRO register to 0000H.

Remark: n=0,1
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Figure 11-22: Basic Operation Timing in External Event Count Mode (1/4)

(a) When D1>D2>D3, only value of TTnCCRO register is rewritten, TOTn0 and TOTn1
are not output. The signal input from TEVTTn and internally synchronized is counted
as the count clock (TTnOEO, 1 =0, TTnOLO =0, TTnOL1 =1)

FFFFH
DI

D1 —
/ / D2/ B
Counter D3 D3 D3 7

TTnCE _J

A

TTnCCRO S D1 D X 2 g

TTnCCR1 g D3 g

i i i
i i i

TOTNO Low

TOTn1 High

e JUUTUUUUR T UNUTATATATAUATAUATARY

Remarks: 1. D1, D2: Setting values of TTnCCRO register (0000H to FFFFH)
D3: Setting value of TTnCCR1 register (0000H to FFFFH)

2. Number of event counts = (Dm + 1) (m =1, 2)
3. n=0,1
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Figure 11-22: Operation Timing in External Event Count Mode (2/4)

(b) When D1 = D2, TTnCCRO and TTnCCR1 register values are not rewritten, TOTn0 and TOTn1
are output (TTnOEO, 1 =1, TTnOLO =0, TTnOL1 =1)

FFFFH

Counter

D1 =D2

D1 =D2

D1 =D2

\

TTnCE

—

A
TTnCCRO g

D1

TTnCCR1 g

D2

INTTTnCCO

INTTTnCC1

TOTnO

TOTn1

TEVTTn

Remarks: 1.

478

— — WA

U U

D1: Setting value of TTnCCRO register (0000H to FFFFH)
D2: Setting value of TTnCCR1 register (0000H to FFFFH)

Number of event counts = (Dm + 1) (m =1, 2)
n=0,1
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Figure 11-22: Operation Timing in External Event Count Mode (3/4)

(c) When D1 = D2, TTnCCRO and TTnCCR1 register values are not rewritten, TOTn0 and TOTn1
are output (TTnOEO, 1 =1, TTnOLO =0, TTnOL1 =1)

FFFFH
Counter
0000H
TTnCE |
A
TTnCCRO g 0000H
TTnCCR1 g 0000H

R LU
wormeer UM
Il

Remarks: 1. D1: Setting value of TTnCCRO register (0000H)
D2: Setting value of TTnCCR1 register (0000H)

———
e =E=N VA

2. Number of event counts = (Dm + 1) (m =1, 2)

3. n=0,1
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Figure 11-22: Basic Operation Timing in External Event Count Mode (4/4)

(d) When D1 = D2, TTnCCRO, TTnCCR1 register values are not rewritten, TOTn0 and TOTn1
are output (TTnOEO, 1 =1, TTnOL0O =0, TTnOL1 =1)

FFFFH

Counter

0001H

TTnCE I

VAN

TTnCCRO g 0001H g
TTnCCR1 g 0000H g

ST 0
wermees | LA R R

T0Tno | | n i
TOTn1 L L L

{_l
{_l
l—l

Remarks: 1. D1: Setting value of TTnCCRO register (0001H)
D2: Setting value of TTnCCR1 register (0000H)

2. Number of event counts = (Dm + 1) (m =1, 2)
3. n=0,1
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11.6.3 External trigger pulse output mode

When, in the external trigger pulse mode, the duty is set to the TTnCCR1 register, the cycle is set to the
TTnCCRO register, and TTnCE = 1 is set, external trigger input (TTRGTn pin) wait results, with the
counter remaining stopped at FFFFH. Upon detection of the valid edge of external trigger input
(TTRGTn pin), or when the TTnEST bit of the TTnCTL1 register is set, count up starts. An external
trigger pulse is output from pin TOTn1, and toggle output is performed from pin TOTnO upon a match
with the TTnCCRO register. Moreover, during the count operation, upon a match between the counter
and the TTnCCRO register, a compare match interrupt (INTTTnCCO) is output, and upon a match
between the counter and TTnCCR1 register, a compare match interrupt (INTTTnCC1) is output.

The TTnCCRO and TTnCCR1 registers can be rewritten during count operation. Compare register
reload is performed at the timing when the counter value and the TTnCCRO register match. However,
when write access to the TTnCCR1 register is performed, the next reload timing becomes valid, so that
even if wishing to rewrite only the value of the TTnCCRO register, write the same value to the TTnCCR1
register. In this case, reload is not performed even if only the TTnCCRO register is rewritten.

If, during operation in the external trigger pulse output mode, the external trigger (TTRGTn pin) edge is
detected several times, or if the TTnEST bit of the TTnCTL1 register is set (to 1), the counter is cleared
and count up is resumed. Moreover, if at this time, the TOTn1 pin is in the low level status, the TOTn1
pin output becomes high level when an external trigger is input. If the TOTn1 pin is in the high level
status, it remains high level even if external trigger input occurs.

In the external trigger pulse output mode, the TTnCCRO and TTnCCR1 registers have their function
fixed as compare registers, so the capture function cannot be used.

Caution: In the external trigger pulse mode, set bit TThEEE of the TThCTL1 register to 0.

Remark: n=0,1
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Figure 11-23: Basic Operation Flow in External Trigger Pulse Output Mode

START

Initial settings

o Clock selection
(TTnCTL1: TTnEEE = 0)
(TTnCTLO: TTnCKS2 to TTnCKSO0)
e External trigger pulse output mode
setting
(TTnCTL1: TTnMD3 to TTnMDO = 0010)
e Compare register setting
(TTnCCRO, TTnCCR1)

External trigger
(TTRGTn pin) input

Counter clear & start

Timer operation enable (TTnCE = 1)
— Transfer of values of TTnCCRO
and TTnCCR1 to buffers TTnCCRO
and TTnCCR1

External trigger (TTRGTn pin) input
— Counter starts counting.

{
l

Match between co%gtteer and
TTnCCR1

|

Match between counter and — = |TTTnCCO occurrence
TTnCCRO, counter clear & start

|

— ITTTnCC1 occurrence

Note: The counter is not cleared upon a match between the counter and the TTnCCR1 buffer register.

Remark: n=0,1
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Figure 11-24: Basic Operation Timing in External Trigger Pulse Output Mode

(a) When values of TTnCCRO0 and TTnCCR1 registers are rewritten, TOTn0 and TOTn1

are output (TTnOEO, 1 =1, TTnOLO, 1 = 0)

FFFFH
Dor —y—
Doz _
Counter / D12 Z
D11
TTnCE
External trigger — A
(TTRGTn pin)
01 \ 2
TTnCCRO g D )( Do S
) i )
TTnCCRO o o
TTnc QOOOH v D v D S
TTnCCR1 S D1 X Dr2 S
| —
TTnCCR1 000H D11 D12
bur}fer (g g
TOTn1
toggle output
TOTNO
toggle output
TTnRSF flag
Remarks: 1. Do, Doz2: Setting values of TTnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TTnCCR1 register (0000H to FFFFH)
2. TOTn1 (PWM) duty = (setting value of TTnCCR1 register) x (count clock cycle)
TOTn1 (PWM) cycle = (setting value of TTNCCRO register + 1) x (count clock cycle)
3. Pin TOTnO is toggled when the counter is cleared immediately following count start.
4. n=0,1
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11.6.4 One-shot pulse mode

When, in the one-shot pulse mode, the duty is set to the TTnCCRO register, the output duty delay value
is set to the TTNCCR1 register, and bit TTnCE of the TTnCTLO register is set to 1, external trigger input
(TTRGTn pin) wait results, with the counter remaining stopped at FFFFH. Upon detection of the valid
edge of external trigger input (TTRGTn pin), or when bit TTnEST of the TTnCTLO register is set to 1,
count up starts. The TOTn1 pin becomes high level upon a match between the counter and TTnCCR1
register. Moreover, upon a match between the counter and TTnCCRO register, the TOTn1 pin becomes
low level, and the counter is cleared to 0000H and then stops. The TOTnO pin performs toggle output
during the count operation upon a match between the counter and the TTnCCRO buffer register.
Moreover, upon a match between the counter and TTnCCRO register during count operation, a
compare match interrupt (INTTTnCCO) is output, and upon a match between the counter and
TTnCCR1 buffer register, a compare match interrupt (INTTTnCC1) is output.

The TTnCCRO and TTnCCR1 registers can be rewritten using the anytime write method, regardless of
the value of bit TTnCE.

Even if a trigger is input during the counter operation, it is ignored. Be sure to input the second trigger
when the counter is stopped at 0000H.

In the one-shot pulse mode, registers TTNCCRO and TTnCCR1 have their function fixed as compare
registers, so the capture function cannot be used.

[One-shot pulse operation flow]

<1> TTnCTL1 register bits TTnMD3 to TTnMDO = 0011B (One-shot pulse mode)
<2> TTnCCRO register setting (duty setting), TTnlOCO register bit TTnOE1 = 1 (TOTn1 pin output
enable)

<3> TTnCTLO register bit TTNCE = 1 (counter operation enable): TOTn1 = Low-level output

<4> TTnCTLA1 register bit TTNEST = 1 or TTRGTn pin edge detection (count-up start):
TOTn1 = Low-level output

<5> Match between counter value and TTnCCR1 buffer register: TOTn1 = High-level output

<6> Match between counter value and TTnCCRO buffer register: TOTn1 = Low-level output,
count clear

<7> Count stop: TOTn1 = Low-level output

<8> TTnCE = 0 (operation reset)

<1>to <2> can be in any order.

Caution: In the one-shot pulse mode, set bit TTnEEE of the TTnCTL1 register to 0.
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Figure 11-25: Basic Operation Flow in One-Shot Pulse Mode

START

Initial settings

e Clock selection
(TTnCTL1: TTnEEE = 0)
(TTnCTLO: TTnCKS2 to TTnCKSO0)
¢ One-shot pulse mode setting
(TTnCTL1: TTnMD2 to TTnMDO = 011)
e Compare register setting

(TTnCCRO, TTnCCR1)

Timer operation enable (TTnCE = 1)
—Transfer of values of TTnCCRO
and TTnCCR1 to buffers TTnCCRO
and TTnCCR1

Trigger wait status, counter in standby
at FFFFH

External trigger (TTRGTn pin) input,
or TTnEST =1
— Counter starts counting.

l

Trigger wait status, counter in
standby at 0000H

Match between counter and buffer
TTnCCR1 "

|

Match between counter and buffer
TTnCCRO, counter clear

|

- INTTTnCCA1
occurrence

INTTTnCCO
occurrence

Note: The counter is not cleared upon a match between the counter and the TTnCCR1 buffer register.

Caution:

Remark:

The counter is not cleared even if trigger input is realized while the counter counts
up, and the trigger input is ignored.

n=0,1
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FFFFH

Counter

TTnCE
TTnEST

Figure 11-26: Basic Operation Timing in One-Shot Pulse Mode

(a) (TTnOEO, 1 =1, TTnOLO, 1 = 0)

Note

D1

DO

D1

>

D1

>

—
N

External trigger I

(TTRGTn pin)

TTnCCRO

TTnCCRO
buffer

TTnCCR1

TTnCCR1
buffer

INTTTnCCO

INTTTnCC1

TOTn1

one-shot pulse

output
TOTnO

SN

DO

\
v

0000H

DO

S

D1

|

0000H

I><|4

D1

—1 AN N NI

Note: Count up starts when the value of TTnEST becomes 1 or TTRGTn is input.

Remarks: 1.

486

DO: Setting value of TTnCCRO register (0000H to FFFFH)
D1: Setting value of TTnCCR1 register (0000H to FFFFH)

TOTn1 (output delay) = (setting value of TTnCCR1 register) x (count clock cycle)
TOTn1 (output pulse width) = {(setting value of TTnCCRO register +1) -

(setting value of TTNCCR1 register)} x (count clock cycle)

n=0,1
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11.6.5 PWM mode

When, in the PWM mode, the duty is set to the TTnCCR1 register, the cycle is set to the TTnCCRO
register, and TTnCE = 1 is set, variable duty PWM output is performed from pin TOTn1.
Simultaneously with the start of count up operation, pin TOTn1 becomes high level, and upon a match
between the counter and the TTnCCR1 register, becomes low level. Next, the TOTn1 pin becomes high
level upon a match with the TTnCCRO register. The TOTnO pin performs toggle output upon a match
with the TTnCCRO buffer register.

During count operation, a compare match interrupt (INTTTnCCO) is output upon a match between the
counter and TTnCCRO register, and a compare match interrupt (INTTTnCC1) is output upon a match
between the counter and TTnCCR1 register.

The TTnCCRO and TTnCCR1 registers can be rewritten during count operation. Compare register
reload occurs upon a match between the counter value and the TTnCCRO buffer register. However,
since the next reload timing becomes valid when the TTnCCR1 register is written to, write the same
value to the TTnCCR1 register even when wishing to rewrite only the value of the TTnCCRO register.
Reloading is not performed if only the TTnCCRO register is rewritten.

In the PWM mode, the TTnCCRO and TTnCCR1 registers have their function fixed as compare
registers, so the capture function cannot be used.

Figure 11-27: Basic Operation Mode in PWM Mode (1/2)

(a) When values of TTnCCRO and TTnCCR1 registers are rewritten during timer operation

START

Initial settings

o Clock selection

(TTnCTLO: TTnCKS2 to TTnCKSO0)
® PWM mode setting

(TTnCTL1: TTnMD3 to TTnMDO = 0100)
eCompare register setting

(TTnCCRO, TTnCCR1)

Timer operation enable
— Transfer of value of
TTnCCRm to TTnCCRm buffer

TOTn1 outputs low level upon a INTTTnCC1 occurrence
match between counter and

TTnCCR1 buffer.

Upon a match between counter INTTTnCCO occurrence
and TTnCCRO buffer, counter
clear & start, and TOTn1 outputs

high level.

l
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Figure 11-27: Basic Operation Flow in PWM Mode (2/2)

(b) When values of TTnCCRO and TTnCCR1 registers are rewritten during timer operation

START

Initial settings

® Clock selection

(TTnCTIO: TTnCKS2 to TTnCKSO0)
® PWM mode setting

(TTnCTH: TTnMD3 to TTnMDO = 0100)
® Compare register setting

(TTnCCRO, TTnCCR1)

Timer operation enable (TTnCE = 1)
—>Transfer of value of TTNnCCRm
to TTnCCRm buffer

Upon a match between counter and INTTTnCCAH
TTnCCR1, TOTn1 outputs low level occurrence

Upon a match between

counter and TTnCCRO, counter —_— g\é-glr-l;gr?(go
clear & start, and TOTn1 outputs
high level.
TTnCCRO rewrite <1>
Upon a match between counter INTTTnCCAH
and TTnCCR1 buffer, TOTn1 <2> » T Toccurrence
outputs low level. Note
— . Rel
TTnCCR1 rewrite <3> eﬁa%?g
INTTTnCCO
e Match between TTnCCRO buffer and occurrence

counter

® Counter clear & start

e Value of TTnCCRm is reloaded to
CCRm buffer.

Note: Regarding the sequence, the timing of <2> may differ depending on the <1> or <3> rewrite
timing, the value of the TTnCCR1 register, etc., but of <1> and <3>, always make <3> the last.

Remark:
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Figure 11-28: Basic Operation Timing in PWM Mode (1/2)

(a) When only value of TTnCCR1 is rewritten, and TOTn0 and TOTn1 are output
(TTnOEO, 1 =1, TTnOLO, 1 =0)

FFFFH

Counter

TTnCE |
TTnCCRO X

Doo

D1o /

D1o /

Doo

A

D12

Doo

A

Doo

JAN
TTnCCRO
suier - CpoooH

Doo

TTnCCR1 X

{>\/

A
TTnCCR1
buffer oooH Do

TOTn1

TOTnO

TTnRSF flag

Remarks: 1.

Doo: Setting value of TTnCCRO register (0000H to FFFFH)
D1o, D11, D12, D13: Setting values of TTnCCR1 register (0000H to FFFFH)

TOTn1 (PWM) duty = (setting value of TTnCCR1 register) x (count clock cycle)

TOTn1 (PWM) cycle = (setting value of TTnCCRO register + 1) x (count clock cycle)

TOTNO is toggled immediately following counter start and at (setting value
of TTnCCRO register + 1) x (count clock cycle)

n=0,1
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Figure 11-28: Basic Operation Timing in PWM Mode (2/2)

(b) When values of TTnCCRO and TTnCCR1 register are rewritten, TOTn0 and TOTn1 are output
(TTnOEO, 1 =1, TTnOLO, 1 =0)

FFFFH
Doo A~
Dot — Dot A~ Doz
Counter D11 D11 D12/
D1o
TTnCE
- A
TTnCCRO S Doo X Doy X Do2 \X Dos \\S
\ JAN Y A ] Note‘ \ | A \
TTnCCRO 0000H v Doo v Dot v Doz Do
buffer

F—Write same va

TTnCCR1 g N D1o % D11 % D12 D12 g

\ |\ | \ | DA \
Note
TTnCCR1
buffer 0000H Dio ¢ D o Y5
\ \ \ \
TOTn1
TOTnO
TTnRSF flag | I

Note: The TTnCCR1 register was not written to, so transfer to the TTnCCRO buffer register was not
performed. Held until the next reload timing.

Remarks: 1. Doo, Do, Doz, Dos: Setting values of TTnCCRO register (0000H to FFFFH)
D10, D11, D12, D1a: Setting values of TTnCCR1 register (0000H to FFFFH)

2. The TOTnO and TOTn1 pins become high level at timer count start.
3. n=0,1

490 User's Manual U16580EE2VOUDOO



Chapter 11 16-bit Timer/Event Counter T

11.6.6 Free-running mode

The operation timing of the free-running mode is shown below.
The operation for bits TTnNCCS1 and TTnCCSO0 of register TTnOPTO is specified.

Figure 11-29: Basic Operation Flow in Free-Running Mode

START

Initial settings

o Clock selection
(TTnCTLO: TTnCKS2 to TTnCKSO0)
® Free-running mode setting
(TTnCTL1: TTnMD3 to TTnMDO = 0101)

TTnCCS1, TTnCCSO
settings

TTnCCS1 =1
TTnCCSO =1

TTnCCS1 =1
TTnCCSO =1

TTnCCS1=0

TTnCCS1 =0
TTnCCS0 =0

TTnCCS0 =0

TITn1 and TITnO edge
detection settings

TITn1 edge detection

TITnO edge detection
i settings

Timer operation enable
settings

= 9
(TTnCE=1) (TTnIS1, TTnIS0) (TTnIS3, TTnIS2)
—Transfer of values of [ (TTnIS3, TTnIS2)
TTnCCRO and Timer operation enable |

Timer operation enable
(TTnCE = 1)

TTnCCR1 to TTnCCRO

and TTnCCR1 buffers (TTnCE = 1)

—sTransfer of value of CE=1)

TTnCCR1 to TTnCCR1 —Transfer of value of

buffer TTnCCRO to TTnCCRO

buffer TITn1 edge

detection, capture
of counter value

Timer operation enable
(TTn

Match between

Remark:

Match between
TTnCCRO buffer
and counter

Counter overflow
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detection, capture
of counter value
to TTnCCRO

Counter overflow

L]
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1)

492

Compare function (TTnCCS1 =0, TTnCCSO0 = 0)

When TTnCTLO register bit TTnCE is set to 1, the counter counts from 0000H to FFFFH. An
overflow interrupt (INTTTnOV) is output when the counter value changes from FFFFH to 0000H,
and the counter is cleared. The count operation is performed in the free-running mode until TTnCE
= 0 is set. Moreover, during count operation, a compare match interrupt (INTTTnCCO) is output
upon a match between the counter and TTnCCRO buffer register, and a compare match interrupt
(INTTTnCC1) is output upon a match between the counter and TTnCCR1 buffer register.

The TTnCCRO and TTnCCR1 registers can be rewritten using the anytime write method,
regardless of the value of the TTnCE bit.

The TOTnO and TOTn1 pins are toggle output controlled when bits register TTNOEO and TTnOE1
of the TTnlOCO register are set to 1.
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Figure 11-30: Basic Operation Timing in Free-Running Mode (Compare Function)

(a) When values of TTnCCRO and TTnCCR1 registers are rewritten, TOTn0, TOTn1 are output

FFFFH

Counter

TTnCCRO

TTnCCRO
buffer

INTTTnCCO

TTnCCR1

TTnCCR1
buffer

INTTTnCC1

TOTnO

TOTn1
INTTTnOV

TTnOVF

Remarks: 1.

a k w N

y

TTnCE I

(TTnOEO, 1 =1, TTnOLO, 1 = 0)

ot
D11

D11Z

Dy Doo

A

N X g
oomx* Doo Y Dor S

s D1o

OOOOHX ¥ Dio

D> ><
9
Ve

- __

><

I .

A A
TTnOVF 0 write clear TTnOVF 0 write clear

Doo, Do1: Setting values of TTnCCRO register (0000H to FFFFH)
D10, D11: Setting values of TTnCCR1 register (0000H to FFFFH)

TOTnNO (toggle) width = (setting value of TTnCCRO register + 1) x (count clock cycle)
TOTn1 (toggle) width = (setting value of TTnCCR1 register + 1) x (count clock cycle)
Pins TOTNnO and TOTn1 become high level at count start.

n=0,1
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(2) Capture function (TTnCCS1 =1, TTnCCS0=1)

When TTnCTLO register bit TTnCE is set to 1, the counter counts from 0000H to FFFFH. An
overflow interrupt (INTTTnOV) is output when the value of the counter changes from FFFFH to
0000H, and the counter is cleared. The count operation is performed in the free-running mode
untiil TTnCE = 0 is set. When, during count operation, the counter value is captured to the
TTnCCRO and TTnCCR1 registers through detection of the valid edge of capture input (TITn1,
TITn0), a capture interrupt (INTTTnCCO, INTTTnCC1) is output.

Regarding capture in the vicinity of overflow (FFFFH), judgment is possible with the overflow flag
(TTnOVF). However, judgment with the TTnOVF flag is not possible when the capture trigger inter-
val is such that it includes two overflow occurrences (2 or more free-running cycles).

Figure 11-31: Basic Operation Timing in Free-Running Mode (Capture Function)

(a) When TOTn0O, TOTn1 are not output (TTnOEO, 1 =0, TThOLO, 1 =0)

FFFFH
D1o

Doz
D12

Dog Dot

Counter D11 /
Do3 7/

rce | \

A
TIThO
A A v A \
TTnCCRO S 0000H Doo Dot Doz Dos S
TITn1
v v v
TTnCCR1 S 0000H D1o D11 D12 S

Remarks: 1. Doo, Doi: Values captured to TTnCCRO register (0000H to FFFFH)
D10, D11: Values captured to TTnCCR1 register (0000H to FFFFH)

2. TITnO: Setting to rising edge detection (TTnIOC1 register bits TTnIS1, TTnIS0 = 01)
TITn1: Setting to falling edge detection (TTnlOC1 register bits TTnIS3, TTnIS2 = 10)

3. n=0,1
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(3) Compare/capture function (TTnCCS1 =0, TTnCCSO0 = 1)

When TTnCTLO register bit TTnCE is set to 1, the counter counts from 0000H to FFFFH, an
overflow interrupt (INTTTnQV) is output when the value of the counter changes from FFFFH to
0000H, and the counter is cleared. The count operation is performed in the free-running mode
until TTnCE = 0 is set. The TTnCCR1 register is used as a compare register, and as the interval
function upon a match between the counter and TTnCCR1 register, a compare match interrupt
(INTTTnCC1) is output. Since the TTnCCRO register is set to the capture function, the TOTnO pin
cannot be controlled even when TTnlOCO register bit TTnOEO is set to 1.

Figure 11-32: Basic Operation Timing in Free-Running Mode (Compare/Capture Function)

(a) When value of TTnCCR1 is rewritten, TOTn0, TOTn1 are output
(TTnOEO, 1 =1, TTNnOLO, 1=0)

FFFFH Doo

D1o / }‘

D12

Counter Dot
D11 /\ D11

TTnCE

A

TITnO I

TTnCCRO S 0000H Doo Dot Doe Doag

INTTTnCCO

capture interrupt
TTnCCR1 S N

TTnCCR1 0000H><¢ Do
buffer

INTTTnCC1 H
Match interrupt

>< > ><

INTTTnOV

overflow interrupt A A

TOTNnO Low

TOTn1 J—\—I I_li

Remarks: 1. Doo, Dot: Setting values of TTnCCR1 register (0000H to FFFFH)
D10, D11, D12, D13, D14, D1s: Values captured to TTnCCRO register (0000H to FFFFH)

2. TITnO: Setting to rising edge detection (TTnlOC1 register bits TtnIS1, TtnlSO = 11)
3. n=0,1
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(4) Overflow flag

When, in the free-running mode, the counter overflows from FFFFH to 0000H, the overflow flag

(TTnOVF) is set to "1", and an overflow interrupt (INTTTnQOV) is output.
The overflow flag is cleared through 0 write from the CPU.
(The overflow flag is not cleared by just being read.)

11.6.7 Pulse width measurement mode

In the pulse width measurement mode, counting is performed in the free-running mode. The counter
value is saved to the TTnCCRO register, and the counter is cleared to 0000H. As a result, the external
input pulse width can be measured. However, when measuring a long pulse width that exceeds counter
overflow, perform judgment with the overflow flag. Measurement of pulses during which overflow occurs
twice or more is not possible, so adjust the counter's operating frequency. Even in the case of TITn1 pin
edge detection, pulse width measurement can be similarly performed by using the TTnCCR1 register.

Figure 11-33: Basic Operation Timing in Pulse Width Measurement Mode

FFFFH

Counter

(a) (TTnOEO, 1 = 0, TTnOLO, 1 = 0)

Do2 Dos|

FFFFH

Do1

e \J | |

TITnO
TTnCCRO S 0000H Doo Dot Doz Dos S
INTTTnCCO

TTnOVF

INTTTnOV

Remarks: 1.
2.

496

A

Cleared through 0
| I write from CPU

Doo, Dot, Doz, Dos: Values captured to TTnCCRO register (0000H to FFFFH)

TITnO: Setting to rising edge/falling edge (both edges) detection (TTnlOC1 register
bits TtnIS1, TtnlSO = 11)

n=0,1
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11.6.8 Triangular wave PWM mode

In the triangular wave PWM mode, similarly to in the PWM mode, when the duty is set to the TTnCCR1
register, the cycle is set to the TTnCCRO register, and TTnCE = 1 is set, variable duty and cycle type
triangular wave PWM output is performed from pin TOTn1. The TOTnO pin is toggle output upon a
match with the TTnCCRO buffer register and upon counter underflow. Upon a match between the
counter and TTnCCRAO register during count operation, a compare match interrupt (INTTTnCCO) is
output, and upon a match between the counter and TTnCCR1 register, a compare match interrupt
(INTTTnCCH1) is output. Moreover, upon counter underflow, an overflow interrupt (INTTTnOV) is output.
The TTnCCRO and TTnCCR1 registers can be rewritten during count operation. Compare register
reload occurs upon a match between the counter value and the TTnCCRO buffer register. However,
since the next reload timing becomes valid when the TTnCCR1 register is written to, write the same
value to the TTnCCR1 register even when wishing to rewrite only the value of the TTnCCRO register.
Reloading is not performed if only the TTnCCRO register is rewritten. The reload timing is the underflow
timing.

In the triangular wave PWM mode, the TTnCCRO and TTnCCR1 registers have their function fixed as
compare registers, so the capture function cannot be used.

Remark: In the triangular wave PWM mode, set the TTnCCRO register to a value of 0 <TTnCCRO <
FFFEH.
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Figure 11-34: Basic Operation Timing in Triangular Wave PWM Mode

(a) When TOTnO, TOTn1 are output (TTnOEO, 1 =1, TTnOLO, 1 =0)

FFFFH FFFFH
Doo Doo Doo
Counter
_°f R ol
TTnCE _I

YA

TTnCCRO Soooo|-|

TTnCCR1 SOOOOHX

INTTTnCCO

INTTTnCCH

INTTTnOV

TOTnO

TOTn1

Remark: n=0,1
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11.6.9 Encoder count function

The encoder compare mode is provided as follows.

(1) Counter up/down control
Counter up/down control is performed and the counter is operated according to the phase of

&)

3

Mode

TTnCCRO register

TTnCCRH1 register

Encoder compare mode

Compare only

Compare only

signals TENCTnO and TENCTn1 from the encoder and the set conditions of bits TTnUDS1 and
TTnUDSO of the TTnCTL2 register.

Basic operation

To use the TTNCCRO and TTnCCR1 registers are compare-only registers, enable rewrite during

timer operation.

The rewrite method is anytime write.
A compare match interrupt (INTTTnCCO) is output upon a match between the counter and
TTnCCRO register. A compare match interrupt (INTTTnCC1) is output upon a match between the
counter and TTnCCR1 register.

Counter clear operation

Clearing of the counter to 0000H is performed under the following conditions.

Clear Condition

TTnECMO)

Method whereby counter is cleared to 0000H upon match with
compare register (setting of TTnCTL2 register bits TTnECM1,

Method whereby counter is cleared to 0000H upon detection of
edge of pin TECRTO (setting of bits TTnECS1, TTnECS0 when
TTnlIOCS register bit TTnSCE = 0)

Method whereby counter is cleared to 0000H by special clear
function of encoder

(setting of bits TTnZCL, TTnBCL, TTnACL when TTnlOC3
register bit TTnSCE = 1)
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(4) Control through TTnCTL2 register
The settings of the TTnCTL2 register in the encoder compare mode
(TTnMD3 to TTnMDO = 1000B) are as follows.
TTnMD3to 0 | TTnUDS1to 0 | TTnECM1 TTnECMO TTnLDE Clear Load
1000B All settings 0 0 0 - -
possible
00B ! v
01B 1 0 TTnCCRO -
10B 1 .
11B
1 0 Invalid TTnCCR1 -
1 Invalid TTnCCRO -
TTnCCR1

500

¢ In the case of bits TTnUDS1 and TTnUDSO, up/down judgment control is performed for the
phase input from pins TENCTnO and TENCTn1.

¢ In the case of bits TTNnECM1 and TTnECMO, counter clear control is performed upon a match
between the counter value and the compare setting value.

Bits TTNECM1 and TTnECMO are valid in modes where the TTnCCRO or TTnCCR1 register is
used as a compare-only register.

These bits are invalid in modes where the TTnCCRO or TTnCCR1 register is used as a
capture-only register.

e The TTnLDE bit controls the function to load to the counter the setting value of the TTnCCRO
register upon occurrence of counter underflow.

Bit TTnLDE is valid only when the TTnECm bit setting is 00B, 01B, in a mode where the TTnCCRO
or TTnCCR1 register is used as a compare-only register.

In the case of all other settings, bit TTnLDE is invalid even if manipulated.

As an example of the use of the encoder count function, counter operation becomes possible
between the setting values of registers 0000H to TTnCCRO by using the counter load functions
(TTnLDE = 1) indicated with “®” in the table, and the function for clearing the counter to 0000H in
case the count operation following a match with the TTnCCRO buffer register is up count
(TTnECMO = 1). (Refer to 11.6.9 (4) (c) Counter load function for TTnCCRO register setting
value upon underflow (bit TTnLDE of register TTnCTLZ2))).
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(a) Up/down count selection specification (TTnCTL2 register bits TTnUDS1, TThUDSO0)
Counter up/down is judged according to the settings of bits TTnUDS1 and TTnUDSO, and the
phases input from pins TENCTn0 and TENCTn1.

Bits TTnUDS1 and TTnUDSO are valid only in the encoder compare mode.

<1> TTnCTL2: TTnUDS1, 0 = 00B (count judgment mode 1)

A Phase (Pin TENCTnO) | B Phase (Pin TENCTn1) Count
Rising edge High level Down

Falling edge

Both edges

Rising edge Low level Up

Falling edge

Both edges

Operation example:

TTnlOC3: TTnEIS3 to 2 TENCTn1 pin input  Edge detection specification invalid
TTnlOC3: TTnEIS1to 0 =10B TENCTNO pin input  Rising edge detection

Figure 11-35: Encoder Count Function Up/Down Count Selection Specification Timings (1/6)

(a) Timing 1

TENCTNO

TENCTn1 J

Counter 0007 0006 0005 0004 0005 0006 0007

A
\4

Down count > Up count

Remarks: 1. Counting is performed when the edges of the TENCTnO/TENCTn1 pin inputs overlap.
2. n=0,1
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<2> TTnCTL2: TTnUDS1, 0 = 01B (count judgment mode 2)

A Phase (Pin TENCTnO) | B Phase (Pin TENCTn1) Count
Low level Rising edge Down
Falling edge
Both edges
High level Rising edge
Falling edge
Both edges
Rising edge Low level Up
Falling edge
Both edges
Rising edge High level
Falling edge
Both edges
Simultaneous pin TENCTNnO/TENCTn1 inputs Hold

Operation example:

TTnlOC3: TTnEISS, 2 = 10B TENCTn1 pin input  Rising edge detection
TTnlOC3: TTnEIS1, 0 = 10B TENCTNO pin input  Rising edge detection

Figure 11-35: Encoder Count Function Up/Down Count Selection Specification Timings (2/6)

(b) Timing 2

i A A A
TENCTNO
/ K A A
TENCTN1
Counter 0006 0007 0008 0007 0006 0005
) Up count a Hold Down count

Remarks: 1. The count value is held when the edges of the TENCTnO/TENCTn1 pin inputs overlap.
2. n=0,1
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<3> TTnCTL2: TTnUDS1, 0 = 10B (count judgment mode 3)

A Phase (Pin TENCTnO) | B Phase (Pin TENCTn1) Count
Low level Falling edge Hold
Rising edge Low level Down
High level Rising edge Hold
Falling edge High level
Rising edge High level
High level Falling edge
Falling edge Low level Up
Low level Rising edge Hold
Rising edge Rising edge Hold
Falling edge Rising edge
Rising edge Falling edge Down
Falling edge Falling edge Up

Operation example:

TTnlOC3: TTnEIS3 to 0 (Pins TENCTn1, TENCTnO) Edge detection specification invalid

Figure 11-35: Encoder Count Function Up/Down Count Selection Specification Timings (3/6)

(c) Timing 3

A A
TENCTNO
Y Y Y Y
TENCTN1
Counter 0007 0006 0005 X 000G 0005 OOOSXOOOS 0006 0007
) Down count ) Up ‘Downl- Up Downl Up count i

Remark: n=0,1
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<4> TTnCTL2: TTnUDS1, 0 = 11B (count judgment mode 4)

A Phase (Pin TENCTnO) | B Phase (Pin TENCTn1) Count
Low level Falling edge Down
Rising edge Low level
High level Rising edge
Falling edge High level
Rising edge High level Up
High level Falling edge
Falling edge Low level
Low level Rising edge
Simultaneous pin TENCTnO/TENCTn1 inputs Hold

Operation example 1:

TTnlOC2: TTnEIS3 to 0 (pins TENCTn1, TENCTNO) edge detection specification invalid

Figure 11-35: Encoder Count Function Up/Down Count Selection Specification Timings (4/6)

(d) Timing 4

TENCTNO

TENCTn1

l“ P

03 04 OSXOGXO? 08*09* 0A 09 X 08 07 Y 06 OSX
Counter

A

Up count

Remark: n=0,1

Down count
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Operation example 2:

TTnlOC2: TTnEIS3 to 0 (pins TENCTn1, TENCTnO) edge detection specification invalid.

Figure 11-35: Encoder Count Function Up/Down Count Selection Specification Timings (5/6)

(e) Timing 5

>

TENCTNO
y 4 T Py
TENCTN1
Counter 03 X o4 05 06X 07 08 X 07 X 06 05
Up count > Hold ) Up count Down count >

Up cou;t

Remarks: 1. The count value is held when the edges of the TENCTnO/TENCTn1 pin inputs overlap.

2. n=0,1
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(b) Counter clear condition setting upon match between counter value and compare
setting value (TTnCTL2 register bits TTnRECM1, TThECMO0)

Counter operation is performed according to the setting values of these bits upon a maich
between the counter value and the compare setting value.

<1> TTnECM1, 0 = 00B
Counter clear is not performed upon a match between the counter and compare values.

<2> TTnECM1,0=01B
Counter clear is performed upon a match between the counter and the TTnCCRO register.

Next count Operation

Description

Up count

Clear counter to 0000H.

Down count

Down count the counter value.

<3> TTnECM1,0=10B

Operation is performed under the following conditions upon a match between the counter and

TTnCCRT1 register.

Next Count Operation

Description

Up count

Up count the counter value.

Down count

Clear counter to 0000H.

<4> TTnECM1,0=11B

e Operation is performed under the following conditions upon a match between the counter and

TTnCCRO register.

Next count Operation

Description

Up count

Clear counter to 0000H.

Down count

Down count the counter value.

e Operation is performed under the following conditions upon a match between the counter and

TTnCCR1 register.

Next count Operation

Description

Up count Up count the counter value.
Down count Clear counter to 0000H.
Caution: In encoder compare mode (TTnMD3 to TTnMDO bits = 1000B), if the compare regis-

ters (TTNnCCRO, TTnCCR1) are set to the same value of TTnTCW register when
TTnECC bit = 0, the timer cannot perform the comparison with the compare registers
(TTnCCRO, TTnCCR1) and TTnTCW register (which is the start value of TTnCNT). In
this case the “encoder clear mode on match of counter and compare register” does
not work at the start timing (TThRECMO = 1, and/or TTRECM1 = 1).
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(c) Counter load function for TTnCCRO register setting value upon underflow (bit TThLDE
of register TTnCTL2))

The setting value of the TTNCCRO register can be loaded to the counter upon counter underflow,
by setting TTnLDE = 1.
Bit TTnLDE is only valid in the encoder compare mode.

Count operation between 0000H and setting value of TTnCCRO register setting

Set TTnLDE = 1, TTnECM1, 0 = 01B and perform count operation. When TTnECMO = 1, the
counter is cleared to 0000H if the next count following a match between the counter and TTnCCRO
register is up count.

When TTnLDE = 1, the setting value of the TTnCCRO register is loaded to the counter upon
underflow.

Therefore, the setting value of the TTnCCRO register is used as the maximum count value and
count operation can be realized within 0000H-TTnCCRO register setting values.

Figure 11-35: Encoder Count Function Up/Down Count Selection Specification Timings (6/6)
(f) Timing 6

Match between counter value and
TTnCCRO setting value Counter underflow

TTnCCRO /

Counter
0000H
t t
Counter cleared TTnCCRO setting value
to 0000H loaded to counter

Remark: n=0,1
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®)

Counter clearing to 0000H through encoder clear input (pin TECRTn) (TTnlOC3 register bits
TTnSCE, TThECS1, TThECSO0)

There are two methods to clear the counter to 0000H through TECRTn pin input, and encoder
clear input is controlled by bit TTnSCE. Bits TTnZCL, TTnBCL, TTnACL, TTnECS1, and
TTnECSO are controlled by the setting of bit TTnSCE.

These clear methods are valid in the encoder compare mode.

TTnSCE TTnZCL TTnBCL TTnACL TTnECS1,0 | Method
0 Invalid Invalid Invalid v <1>
1 v v v Invalid <2>

<1> Method to clear counter to 0000H through detection of valid edge of TECRTn pin input
(TTnSCE =0)

When TTnSCE = 0, the counter is cleared to 0000H in synchronization with the internal operation
clock upon detection of the valid edge set through TECRTn pin input edge detection specification.
At this time, an encoder clear interrupt (INTTTnEC) is output. When TTnSCE = 0, the setting of
bits TTnZCL, TTnBCL, and TTnACL are invalid.

Figure 11-36: Counter Clearing to 0000H through Encoder Clear Input (pin TECRTn) Timings (1/4)

(a) When TTnSCE = 0, TTnECS1, 0 = 01B, TTnUDS = 11B are Set

Base clock 45

TENCTNO / |

TENCTn1 |

TECRTn |

Count signal 7
Counter m X m+1 0 X 1 X 2 X
INTTTnEC
Counter clear
Remark: n=0,1
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<2> Method to clear counter to 0000H through detection of level clear condition (TTnSCE = 1)
When TTnSCE = 1, the counter is cleared to 0000H according to the clear condition level of pins
TECRTNn, TENCTn1, and TENCTNO set with bits TTnZCL, TTnBCL, and TTnACL. At this time, no
encoder clear interrupt (INTTTnEC) is output. When TTnSCE = 1, the settings of bits TTnECS1
and TTnECSO are invalid.

Operation example:
When TTnSCE =1, TTnCLA =1, TTnCLB =0, TTnCLZ =1, TTnUDS = 11B are set

<Clear condition level>

TECRTN pin: High level, TENCTn1 pin: Low level, TENCTnO pin: High level

Figure 11-36: Counter Clearing to 0000H through Encoder Clear Input (pin TECRTn) Timings (2/4)

(b) when TECRTn Pin Input Is Delayed from TENCTn1 Pin Input during Up Count

Signal after edge detection

TENCTNO ~
H |
TENCTn1
L
TECRTn =)
H |
Base clock
Counter

Count clock

When “m+1” set to TTnCCRO
TTnCCRO m+1

INTTThCCO Compare match interrupt not output

When “0000H” set to TTnCCR1
TTnCCR1 0

INTTTnCC1 [ ]

When “m” set to TTnCCRO
TTnCCRO m

INTTTnCCO |_|

Remark: n=0,1
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Figure 11-36: Counter Clearing to 0000H through Encoder Clear Input (pin TECRTn) Timings (3/4)

(c) when TECRTn Pin Input and TENCTn1 Pin Input Occur Simultaneously During Up Count

Signal after edge detection
o)
TENCTNO H |
TENCTn1 L
p=9)
TECRTn H |

Base clock

Counter m X 0 X

Count

clock |—| |—|

(d) when TECRTn Pin Input Occurs Earlier Than TENCTn1 Pin Input During Up Count

Signal after edge detectiorrl
TENCTnO H |
TENCTnN1 L
=
TECRTn H |

Base clock

Counter m X 0 X

Count

clock |—| |—|

No miscount occurs due to TECRTn pin input delay because the clear condition is set according to

the levels of pins TENCTnO, TENCTn1 and TECRTn, and the counter is cleared to 0000H upon
clear condition detection.

Remark: n=0,1
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Figure 11-36: Counter Clearing to 0000H through Encoder Clear Input (pin TECRTn) Timings (4/4)
(e) when TECRTn Pin Input Occurs Later Than TENCTn1 Pin Input During Down Count

Signal after edge detection

TENCTNnO

TENCTn1

R 9

TECRTn

Base clock
Counter m X m-1 X 0 X
ook

When “m-1” set to TTnCCRO

TTnCCRO m-1

INTTTnCCO Compare match interrupt not output

When “0000H” set to TTnCCR1

TTnCCR1 0

INTTTnCC1 [ ]

When “m” set to TTnCRO

TTnCCRO m

INTTTnCCO [ ]

No miscount occurs due to the TECRTn pin input delay during down count, similarly to during up
count.

Remark: n=0,1
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(6) Counter hold through bit TThECC

(a) Initial counter operation through bit TTnECC setting

Figure 11-37: Counter Hold through Bit TThECC Timings (1/5)
(a) Count operation when TTnECC = 0 is set

Base clock _|’_||_||_|_||_||_||_H_||_||_||_||—||—||—||—||—||—||—||—||—

TTNECC  Low

TTnCE

| |
Moot m m

signal
Counter( FFFFH ;( m X m+1 X )
[
TTnTew ( m D

The setting value of the TTnTCW register is loaded to the counter and count operation is
performed from the setting value of the TTnTCW register.
(Initial value 0000H of TTnTCW register)

(b) Count operation when TTnECC =1 is set

Base clock l l l

TTnECC High

TTnCE

A
Internal
countns?gr::I |—| |_|
Counter (. FFFFH X 0000H X )]

TTnTCW ( m )

Since the setting value of the TTnTCW register is not loaded to the counter, the count operation is
performed from initial value FFFFH.

As the initial operation, it is recommended to set TTnECC = 0 and load to the counter the value set
to the TTnTCW register, then start the count operation.

Remark: n=0,1
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(b) Bit TTnECC rewrite timing and its influence on counter

<1> When setting value of bit TTnECC is rewritten 0 -1 —0 when TTnCE = 1

Even if bit TTNECC rewrite is performed while TTnCE = 1, this has no influence on the counter
operation.

Judgment as whether to hold or reset the counter value is performed while TTnCE = 0.

Moreover, judgment as to whether to load the setting value of the TTnTCW register to the counter
is performed at the timing when the value of bit TTnCE changes from 0 to 1.

Figure 11-37: Counter Hold through Bit TTnECC Timings (2/5)
(c) when setting value of bit TTnECC is rewritten 0 -1 —0 when TTnCE = 1

TTnECC L No influence on L L /
operation
A A A
TTnCE / H L\ / H
A A A
Internal |_| |_| I—I

count
signal

Counter X Tow X “ X X FrrrH XTOw X

| |

Start ENC-Mode Counter Start new ENC-Mode
TCW Load reset TCW Load
Count Not Hold

<2> When setting value of bit TTnECC is rewritten 1 -0 —1 while TTnCE =0

The counter is reset when the setting value of bit TTnECC is changed from 1 to 0 while TTnCE = 0.
Then, when TTnECC = 1 is set again and the value of bit TTnCE is changed from 0 to 1, counting
restarts from the counter's initial value FFFFH, without the setting value of the TTnTCW being
loaded to the counter.

(d) when setting value of bit TTnECC is rewritten 1 —0 —1 while TTnCE = 0

TTnECC / H L H

A A A

TTnCE L L H
A A
Internal
count |_|
signal

Counter X N FFFFH

i

Counter Counter Change ENC-Mode
hold reset TCW not load

Remark: n=0,1
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(c) Rewrite timing of bit TThECC

When TTnCE = 0 and TTnECC = 0, setting TTnCE = 1 causes the setting value of the TTnTCW
register to be loaded to the counter. Perform rewrite of the TTnECC bit after the operation clock
has become valid (after several clocks: TBD), following setting of TTnCE = 1.

If bit TTnECC is rewritten before the operation clock becomes valid, counting starts from FFFFH
without loading the setting value of the TTnTCW register to the counter.

Figure 11-37: Counter Hold through Bit TTnECC Timings (3/5)
(e) Basic Timing in Encoder Compare Mode (1)

< Register setting conditions>

e TTnCTLO: TTnMD3 to 0 = 1000B Encoder compare mode

e TTnCTL1: TTnUDS1, 0 = 00B Judgment of up/down count with count judgment mode 1

e TTnCTL1: TTnECM1,0=01B Counter clear upon match between counter value and
TTnCCRO buffer register

e TTnCTL1: TTnLDE = 1 Loading of setting value of TTnCCRO register (p) upon
underflow occurrence

e TTnlOC3: TTnEIS1,0=01B Detection of rising edge of TENCTnO and TENCTn1 pin
inputs

e TTnlOC3: TTnSCE =0,
TTnECS1-0 = 00B Valid edge detection clear (no edge specified)

Encoder
counter q

-
-

Up count Down count :

TENCTnO ] [ : [
TENCTn1 | : : :

TTnCCRO | p |

TTnCCR1 | q ]

INTTTRCCO
INTTTnCC1 I I

TTnESF |

TTnEUF

7 S N VY

Count clear Load to counter Load to counter

Since TTnUDS1, 0 and TTnEIS1, 0 that control the count operation are set to 00B and 01B

(rising edge detection), respectively, the counter is operated through detection of the phase of pin
TENCTn1 upon detection of the rising edge of TENCTnO pin input. A compare match interrupt
(INTTTnCCO) is output upon a match between the counter value and the TTnCCRO compare reg-
ister (p). At this time, the counter is cleared to 0000H if the next count operation is up count.

A compare match interrupt (INTTTnCC1) is output upon a match between the counter value and
the TTnCCR1 buffer register (q). The counter is not cleared upon a match between the counter
value and the TTnCCR1 register. If underflow occurs when TTnLDE = 1 is set, the setting value of
the TTnCCRO buffer register (m) is loaded to the counter. A count operation is possible between
0000H and the setting value of the TTnCCRO register by setting TTnLDE = 1 and TTnECMO0 = 1.

Remark: n=0,1
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Figure 11-37: Counter Hold through Bit TTnECC Timings (4/5)
(f) Basic Timing in Encoder Compare Mode (2)

<Setting conditions>

e TTnCTLO: TTnMD3 to 0 = 1000B Encoder compare mode

e TTnCTL1: TTnUDS1,0=11B Judgment of up/down count with count judgment
mode 4

e TTnCTL1: TTnECM1, 0 = 00B No clear operation upon match between counter value
and compare

e TTnCTL1: TTnLDE =0 No loading of setting value of TTnCCRO register (p)
to counter

e TTnlOC3: TTnSCE =0,
TTnECS1-0=01B Valid edge detection clear (rising edge specified)

TTnCCRO =+ -+ - - - R .............. . T

Encoder
counter _0000H

TTRCCRT ----- - SRR A0 1L SO Y [UURUPIURIIT 1 NS TN N ST

TENCTNO

TENCTn1

TECRTn

! - } : : :
TTnCCRO | L ] P : |
N N : H

TTnCCR1 | / / q

INTTTnCCO

W |

INTTTnCC1

TTnESF 1—|—[

Since TTnUDSH1, 0 that control the count operation are set to 11B, the counter is operated through
detection of the phase of pins TENCTnO and TENCTn1.

A compare match interrupt (INTTTnCCO) is output upon a match between the counter value and
the TTnCCRO buffer register (p).

A compare match interrupt (INTTTnCC1) is output upon a match between the counter value and
the TTnCCR1 buffer register (q).

The counter is not cleared upon a match with the TTnCCRO register or the TTnCCR1 register.
Clearing of the counter to 0000H is done upon detection of the valid edge of the encoder clear
input (pin TECRTN) when TTnSCE = 0. When TTnECS = 01B is set, the counter is cleared to
0000H in synchronization with the operation clock, following detection of the rising edge of the
TECRTN pin input.

Remark: n=0,1
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Figure 11-37: Counter Hold through Bit TTnECC Timings (5/5)
(g) Basic Timing in Encoder Compare Mode (3)

<Setting conditions>

e TTnCTLO: TTnMD3 to 0 = 1000B Encoder compare mode

e TTnCTL1: TTnUDS1t00=11B Judgment of up/down count with count judgment
mode 4
e TTnCTL1: TTNECM1to0=11B Counter clear upon match between counter value

and TTnCCRO buffer register
Counter clear upon match between counter value and
TTnCCR1 buffer register
(Since TTnCTL1: TTNECM1 to 0 = 11B,
the setting of bit TTnLDE is invalid.)
e TTnlOC3: TTnSCE =0,
TTnECS1 to 0 = 00B Valid edge detection clear (no edge specified)

B 17070 = [0 S S e+ e
p .

Encoder

0000H
counter

'I‘I'nCCR1~~q .... L N Loy

Up fcount Down count

TENCTNO

TENCTn1 ] ] i

TTnCCRO | p |

TTnCCR1 | g C
INTTTnCCO ﬂ ]'|
INTTTnCC1 1 ﬂ_

TTnESF l i l_

Counter clear Match interrupt output Counter clear Match interrupt output

Since TTnUDS1, 0 that control the count operation are set to 11B, the counter is operated through
detection of the phase of pins TENCTnO and TENCTn1.

A compare match interrupt (INTTTnCCO) is output upon a match between the counter value and
the TTnCCRO buffer (p).

At this time, the counter is cleared to 0000H if the next count operation is up count.

A compare match interrupt (INTTTnCC1) is output upon a match between the counter value and
the TTnCCR1 buffer (q).

At this time, the counter is cleared to 0000H if the next count operation is down count.

Remark: n=0,1
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11.6.10 Offset trigger generation mode

In the offset trigger generation mode, the count value is saved to the capture register (TTnCCRO) upon
detection of the valid edge of the TITnO pin, and a capture interrupt (INTTTnCCO) is output. The
counter is cleared to 0000H by capture input. (Counter clear operation is not performed using the
TTnCCR1 register.)

The TTnCCRO register and the TTnCCR1 register have their functions fixed as a capture register and a
compare register, respectively. The TTnCCR1 register can be rewritten during count operation. Regard-
ing compare register reload, the capture & clear timing upon detection of TITnO pin input serves as the
reload timing.

During count operation, a capture interrupt (INTTTnCCO) is output upon capture to the TTnCCRO
register through TITnO pin input, and a compare match interrupt (INTTTnCC1) is output upon a match
between the counter and the TTnCCR1 register.

The TOTNO pin becomes the level set with bit TTnOLO. If TTnOLO = 0, a low level is output a and if
TTnOLO = 1, a high level is output.

The TOTn1 pin is reset upon a match between the counter and the TTnCCR1 register, and is set when
the counter is cleared to 0000H.

Figure 11-38: Basic Timing in Offset Trigger Generation Mode

0000H

TTnCCRO [ XXXX %( i %( j \5( k |

TTnCCR1 | m_ X N n |

TTnCCBA | m )(‘z n ]
TITno ,—[ |—[ l_l
INTTTnCCO : 3 M i1

INTTTICCA ﬂ [—| I_l—
ToTno _Fixed (azccording to settind value of TTnOL0)

ToT1 ﬂ—+ +—+ ) +—

Compare Capture Compare Capture Capture Compare

match interrupt interrupt match interrupt interrupt interrupt match interrupt

Remark: n=0,1

In the offset trigger generation mode, the setting value of the TTnCCR1 register is reloaded to the
TTnCCR1 buffer register upon detection of the valid edge of pin TITn0. Until the edge of the TITnO pin
input is detected, the value of the TTnCCR1 register is not reloaded to the TTnCCR1 buffer register,
even if this value is changed.

Pin TOTn1 is set when the counter is cleared to 0000H upon detection of the valid edge of pin TITnO,
and it is reset upon a match between the counter value and the TTnCCR1 register.

Therefore, pin TOTn1 remains high level if the valid edge of the TITnO pin input is detected before a
match with the TTnCCR1 register occurs.
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Chapter 12 16-bit 2-Phase Encoder Input Up/Down Counter/General Purpose

Timer (TMENC10)

12.1 Features

Timer ENC10 (TMENC10) is a 16-bit up/down counter that performs the following operations.

e General-purpose timer mode:
- Free-running timer
- PWM output

e Up/down counter mode
- UDC mode A
- UDC mode B

12.2 Function Outline

e Compare register x 2

e Capture/compare register x 2

e Interrupt request source
- Capture/compare match interrupt x 2
- Compare match interrupt x 2
- Overflow interrupt x 1

Underflow interrupt x 1

e Capture request signal x 2
- The TMENC10 value can be latched using the valid edge of the TICC10, TICC11 pins
corresponding to the capture/compare register as the capture trigger.

* Base clock (fc k) = fxx/4
(fCLK =16 MHz @ fXX =64 MHZ)

¢ Count clocks selectable through division by prescaler

e 2-phase encoder input
The 2-phase encoder signal from external is used as the count clock of the timer counter with the
external clock input pins (TIUD1, TCUD1). The counter mode can be selected from among the four
following modes.

Mode 1:

Mode 2:

Mode 3:
Mode 4:

Counts the input pulses of the count pulse input pin.

Up/down is specified by the level of one more input pin.

Counts up/down using the respective input pulses of the up count pulse input pin and
down count pulse input pin.

Counts up/down using the phase relationship of the pulses input to 2 pins.

Counts up/down using the phase relationship of the pulses input to 2 pins. Counting is
done using the respective rising edges and the falling edges of the pulses.

e  PWM output function
- In the general-purpose timer mode, 16-bit resolution PWM output can be output from the TO1

pin.
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e Timer clear
- The following timer clear operations are performed according to the mode that is used.

(a) General-purpose timer mode: Timer clear operation is possible upon occurrence of match with
CM100 set value.

(b) Up/down counter mode: The timer clear operation can be selected from among the following
four conditions.

- Timer clear performed upon occurrence of match with CM100 set value during TMENC10 up
count operation, and timer clear performed upon occurrence of match with CM101 set value
during TMENC10 down count operation.

- Timer clear performed only by external input.

- Timer clear performed upon occurrence of match between TMENC10 count value and CM100 set
value.

- Timer clear performed upon occurrence of external input and match between TMENC10 count
value and CM100 set value.

e External pulse output (TO1) x 1

Remark: fyy: Internal system clock
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12.3 Basic Configuration

The basic configuration is shown below.

Table 12-1: Timer ENC10 Configuration List

Timer | Count Clock | Register Read/Write Generated Capture Trigger
Interrupt Signal
Timer fxx/8, TMENC10 Read/write INTOVF -
ENC10 fyx/16, INTUDF
fxx/32, CM100 Read/write INTCM10 -
Fxx/64, CM101 | Readwrite | INTCM11 i
fxx/128,
fyx/256 CC100 Read/write INTCC10 TICC10
fxx/512 CC101 Read/write INTCC11 TICC11

Remark: fyy: Internal system clock
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Figure 12-1 shows the block diagram of timer ENC10.

Figure 12-1: Block Diagram of Timer ENC10 (TMENC10)

S Internal bus S

-

Edge
detector CC10 INTCC10
[ S
S cott L om0 o |- wrecrt
T i
TCLR1/ Edge | L R
TICCH 0@ detector c o5
LI ' e E%E <« | TM1OVF TM1UDF
TCUD1/@ Edge 102, 114, 18, 116, [ 2 f
TICC11 detector|  ¢—w-] 132, 1164, 1/128 TMENCT INTOVF
| — INTUDF
fxx/4 L]
Output ©
1 I ﬁ J — control TO1
TIUD1@——~| Edge CM10 ‘ ‘ ENMD MSEL AL\tT
detector| 1 INTCM10
‘ CM11 INTCM11

RLEN

CLR1, CLRO

S Internal bus S

Note: The TICC11 interrupt is the signal of the interrupt from the TICC11 pin or the interrupt from the
TICC10 pin, selected by the CSL bit of the CSL1 register.

Remark: fyy: Internal system clock
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(1) Timer ENC10 (TMENC10)

TMENC10 is a 2-phase encoder input up/down counter and general-purpose timer.
It can be read/written in 16-bit units.
Reset input clears TMENC10 to 0000H.

Cautions: 1. Write to TMENC10 is enabled only when the TM1CE bit of the TMC10 register is
“0” (count operation disabled).

2. It is prohibited to clear the CMD bit (general-purpose timer mode) to 0 and to set
the MSEL bit (UDC mode B) of the TUM register to 1.

3. Continuous reading of TMENC10 is prohibited. If TMENC10 is continuously read,
the second value read may differ from the actual value. If TMENC1n must be read
twice, be sure to read another register between the first and the second read
operation.

4. Writing the same value to the TMENC10, CC100, and CC101 registers, and the
STATUS10 register is prohibited.
Writing the same value to the CCR10, TUM10, TMC10, SESA10, and PRM10
registers, and CM100 and CM101 registers is permitted (writing the same value is
guaranteed even during a count operation).

Figure 12-2: Timer ENC10 (TMENC10)

After reset: 0000H R/W Address: FFFFF6BOH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mencto | | [ [ ] [ T [ [ T [ T [ [ | |

TMENC10 start and stop is controlled by the TM1CE bit of timer control register 10 (TMC10).
The TMENC10 operation consists of the following two modes.

(a) General-purpose timer mode

In the general-purpose timer mode, TMENC10 operates as a 16-bit interval timer, free-running
timer, or for PWM output.

Counting is performed based on the clock selected by software.

Division by the prescaler can be selected for the count clock from among fxx/8, fxx/16, fxx/32,
fux/64, fxx/128, fxx/256, or fyx/512 with bits PRM102 to PRM100 of prescaler mode register 10

(PRM10) (fxx: internal system clock).

(b) Up/down counter mode (UDC mode)

In the UDC mode, TMENC10 functions as a 16-bit up/down counter, counting based on the
TCUD1 and TIUD1 input signals.
Two operation modes can be set with the MSEL bit of the TUM register for this mode.

e UDC mode A (when CMD bit = 1, MSEL bit = 0)
TMENC10 can be cleared by setting the CLR1 and CLRO bits of the TMC10 register.

e UDC mode B (when CMD bit = 1, MSEL bit = 1)
TMENC10 is cleared upon match with CM100 during TMENC10 up count operation.
TMENC10 is cleared upon match with CM101 during TMENC10 down count operation.
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When the TM1CE bit of the TMC10 register is “1”7, TMENC10 counts up when the operation mode
is the general-purpose mode, and counts up/down when the operation mode is the UDC mode.

The conditions for clearing the TMENC10 are classified as follows depending on the operation

mode.
Table 12-2: Timer ENC10 (TMENC10) Clear Conditions
Operation Mode | TUM10 Register TMC10 Register TMENC10 Clear
CMD Bit | MSEL Bit| ENMD Bit| CLR1 Bit | CLRO Bit
General-purpose 0 0 0 X X Clearing not performed
timer mode 1 X X Cleared upon match with CM100 set
value
UDC mode A 1 0 X 0 0 Cleared only by TCLR1 input
X 0 1 Cleared upon match with CM1n0 set
value during up count operation
X 1 0 Cleared by TCLR1 input or upon match
with CM100 set value during up count
operation
X 1 1 Clearing not performed
UDC mode B 1 1 X X X Cleared upon match with CM100 set
value during up count operation or upon
match with CM101 set value during down
count operation
Settings other than the above Setting prohibited

Remark: x: Indicates that the set value of that bit is ignored.
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(2) Compare register 100 (CM100)

CM100 is a 16-bit register that always compares its value with the value of TMENC10. When the
value of a compare register matches the value of TMENC10, an interrupt signal is generated. The
interrupt generation timing in the various modes is described below.

¢ In the general-purpose timer mode (CMD bit of TUM10 register = 0) and UDC mode A (MSEL
bit of TUM10 register = 0), an interrupt signal (INTCM10) is always generated upon occurrence
of a match.

¢ In UDC mode B (MSEL bit of TUM10 register = 1), an interrupt signal (INTCM10) is generated
only upon occurrence of a match during up count operation.

This register can be read/written in 16-bit units.
Reset input clears this register to 0000H.

Caution: When the TM1CE bit of the TMC10 register is 1, it is prohibited to overwrite the value
of the CM100 register.

Figure 12-3: Compare Register 100 (CM100)

After reset: 0000H R/W Address: FFFFF6B2H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ewoo | [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ |
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(3) Compare register 101 (CM101)
CM101 is a 16-bit register that always compares its value with the value of TMENC10. When the
value of a compare register matches the value of TMENC10, an interrupt signal is generated. The
interrupt generation timing in the various modes is described below.

¢ In the general-purpose timer mode (CMD bit of TUM10 register = 0) and UDC mode A (MSEL
bit of TUM10 register = 0), an interrupt signal (INTCM11) is always generated upon occurrence
of a match.

¢ In UDC mode B (MSEL bit of TUMn register = 1), an interrupt signal (INTCM11) is generated
only upon occurrence of a match during down count operation.

This register can be read/written in 16-bit units.

Reset input clears this register to 0000H.

Caution: When the TM1CE bit of the TMC10 register is 1, it is prohibited to overwrite the value
of the CM101 register.

Figure 12-4: Compare Register 101 (CM101)

After reset: 0000H R/W Address: FFFFF6B4H
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ewor | | | | | I PP [ [ [ |
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(4) Capture/compare register 100 (CC100)

CC100 is a 16-bit register. It can be used as a capture register or as a compare register through
specification with capture/compare control register n (CCR).

This register can be read/written in 16-bit units.

Reset input clears this register to 0000H.

Cautions: 1. When used as a capture register (CMSO bit of CCR register = 0), write access is
prohibited.

2. When used as a compare register (CMSO0 bit of CCR register = 1) and the TM1CE
bit of the TMC10 register is 1, overwriting the CC100 register values is prohibited.

When the TM1CE bit of the TMC10 register is 0, the capture trigger is disabled.

4. When the operation mode is changed from capture register to compare register,
set a new compare value.

5. Continuous reading of CC100 is prohibited. If CC100 is continuously read, the
second read value may differ from the actual value. If CC100 must be read twice,
be sure to read another register between the first and the second read operation.

Figure 12-5: Capture/Compare Register 100 (CC100)

After reset: 0000H R/W Address: FFFFF6B6H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ccoo [ [ | | [ T [ [ [ [ [ T [ 1T T [}

(a) When set as a capture register

When CC100 is set as a capture register, the valid edge of the corresponding external TICC10
signal is detected as the capture trigger. TMENC10 latches the count value in synchronization with
the capture trigger (capture operation). The latched value is held in the capture register until the
next capture operation.

The valid edge of external interrupts (rising edge, falling edge, both edges) is selected with signal
edge selection register 10 (SESA10).

When the CC100 register is specified as a capture register, an INTCC10 interrupt is generated
upon detection of the valid edge of the external TICC10 signal.

(b) When set as a compare register
When CC100 is set as a compare register, it always compares its own value with the value of

TMENC10. If the value of CC100 matches the value of the TMENC10, CC100 generates an
interrupt signal (INTCC10).
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®)

Capture/compare register 101 (CC101)

CC101 is a 16-bit register. It can be used as a capture register or as a compare register through
specification with capture/compare control register (CCR).

This register can be read/written in 16-bit units.

Reset input clears this register to 0000H.

Cautions: 1. When used as a capture register (CMS1 bit of CCR register = 0), write access is

528

prohibited.

2. When used as a compare register (CMS1 bit of CCRn register = 1) and the TM1CE
bit of the TMC10 register is 1, overwriting the CC101 register values is prohibited.

When the TM1CE bit of the TMC10 register is 0, the capture trigger is disabled.

4. When the operation mode is changed from capture register to compare register,
set a new compare value.

5. Continuous reading of CC101 is prohibited. If CC101 is continuously read, the
second read value may differ from the actual value. If CC101 must be read twice,
be sure to read another register between the first and the second read operation.

Figure 12-6: Capture/Compare Register 101 (CC101)

After reset: 0000H R/W Address: FFFFF6B8H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ccor | | | [ [ [ [ [ [ [ I I [ [ |

(a) When set as a capture register

When CC101 is set as a capture register, the valid edge of the corresponding external TICC11
signal is detected as the capture trigger. TMENC10 latches the count value in synchronization with
the capture trigger (capture operation). The latched value is held in the capture register until the
next capture operation.

The valid edge of external interrupts (rising edge, falling edge, both edges) is selected with signal
edge selection register 10 (SESA10).

When the CC101 register is specified as a capture register, an INTCC11 interrupt is generated
upon detection of the valid edge of the external TICC11 signal.

(b) When set as a compare register
When CC101 is set as a compare register, it always compares its own value with the value of

TMENCA10. If the value of CC101 matches the value of the TMENC10, CC101 generates an
interrupt signal (INTCC11).
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12.4 Control Registers

(1) Timer unit mode register 10 (TUM10)

The TUM10 register is an 8-bit register used to specify the TMENC10 operation mode or to control
the operation of the PWM output pin.

This register can be read/written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

Cautions: 1. Changing the value of the TUM10 register during TMENC10 operation (TM1CE bit

of TMC

register = 1) is prohibited.

2. When the CMD bit = 0 (general-purpose timer mode), setting MSEL bit = 1 (UDC
mode B) is prohibited.

Figure 12-7: Timer Unit Mode Register 10 (TUM10)

After reset: O0H R/W Address: FFFFF6BBH
7 6 5 4 3 2 1 0
TUM10 CMD 0 0 0 TOE ALVTA 0 MSEL
CMD TMENC10 Operation Mode Specification
0 General-purpose timer mode (up count)
1 UDC mode (up/down count)
TOE Timer Output (TO1) Control
0 Timer output disabled
1 Timer output enabled
When CMD bit = 1 (UDC mode), timer output is not performed regardless of the setting of
the TOE bit. At this time, timer output consists of the inverted phase level of the level set by
the ALVT1 bit.

ALVT1

Active Level Specification for Timer Output (TO1)

0

Active level is high level

1

Active level is low level

When CMD bit = 1 (UDC mode), timer output is not performed regardless of the setting of
the TOE bit. At this time, timer output consists of the inverted phase level of the level set by
the ALVT1 bit.

MSEL

Mode Selection in UDC Mode (Up/Down Count)

UDC mode A.
TMENC10 can be cleared by setting the CLR1, CLRO bits of the TMC10
register.

UDC mode B. TMENC10 is cleared in the following cases.
e Upon match with CM100 during TMENC10 up count operation
e Upon match with CM101 during TMENC10 down count operation

When UDC mode B is set, the ENMD, CLR1, and CLRO bits of the TMC10 register
become invalid.
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(2) Timer control register 10 (TMC10)

The TMC10 register is used to enable/disable TMENC10 operation and to set transfer and timer
clear operations.

This register can be read/written in 8-bit or 1-bit units.

Reset input clears this register to O0H.

Caution: Changing the values of the TMC10 register bits other than the TM1CE bit during
TMENC10 operation (TM1CE bit = 1) is prohibited.

Figure 12-8: Timer Control Register 10 (TMC10) (1/2)

After reset: OOH R/W Address: FFFFF6BCH
7 6 5 4 3 2 1 0
TMC10 0 TM1CE 0 0 RLEN ENMD CLR1 CLRO
TM1CE TMENC10 Operation Control
0 Count operation disabled
1 Count operation enabled
RLEN Transfer Operation Control in UDC Mode A
0 Transfer operation from CM100 register to TMENC10 disabled
1 Transfer operation from CM100 register to TMENC10 enabled

e When RLEN = 1, the value set to CM100 is transferred to TMENC10 upon occurrence
of TMENC10 underflow.

e When the CMD bit of the TUM10 register = 0 (general-purpose timer mode), the RLEN
bit settings are invalid, and a transfer operation is not executed even if the RLEN bit is
setto 1.

e When the MSEL bit of the TUM10 register = 1 (UDC mode B), the RLEN bit settings
are invalid, and a transfer operation is not executed even if the RLEN bit is set to 1.

ENMD Clear Operation Control in General Purpose Mode

0 Clear disabled (free-running mode)
Clearing is not performed even when TMENC10 and CM100 values match.

1 Clear enabled
Clearing is performed upon match of TMENC10 and CM100 values.

When the CMD bit of the TUM10 register = 1 (UDC mode), the ENMD bit setting becomes
invalid.
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Figure 12-8: Timer Control Register 10 (TMC10) (2/2)

CLR1 CLRO Clear Operation Control in UDC Mode A
0 0 Clear only by external input (TCLR1)
0 1 Clear upon match of TMENC10 count value and CM100 set value
1 0 Clear by TCLR1 input or upon match of TMENC10 count value and
CM100 set value
1 1 No clearing

¢ Clearing by match of the TMENC10 count value and CM100 set value is valid only
during TMENC10 up count operation (TMENC10 is not cleared during TMENC10
down count operation).

e When the CMD bit of the TUM10 register = 0 (general-purpose timer mode), the CLR1
and CLRO bit settings are invalid.

¢ When the MSEL bit of the TUM10 register = 1 (UDC mode B), the CLR1 and CLRO bit
settings are invalid.

* When clearing by TCLR1n has been enabled with bits CLR1 and CLRO, clearing is
performed whether the value of the TM1CEn bit is 1 or 0.
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(3) Capture/compare control register 10 (CCR10)
The CCR10 register specifies the operation mode of the capture/compare registers (CC100,
CC101).
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Cautions: 1. Overwriting the CCR10 register during TMENC10 operation (TM1CE bit = 1) is
prohibited.

2. The TCUD1 pin is used for the UDC mode and shared with the external capture
input pin TICC11. Therefore, in the UDC mode, the external capture function
cannot be used.

3. The TCLR1 pin is used for the UDC mode and alternately shared with the external
capture input pin TICC10. Therefore, when the TCLR1 input is used in UDC mode
A, the external capture function cannot be used.

Figure 12-9: Capture/Compare Control Register 10(CCR10)

After reset: OOH R/W Address: FFFFF6BAH
7 6 5 4 3 2 1 0
CCR10 0 0 0 0 0 0 CMSH1 CMS0
CMSH1 CC101 Operation Mode Specification
0 CC101 operates as capture register
1 CC101 operates as compare register
CMS0 CC100 Operation Mode Specification
0 CC100 operates as capture register
1 CC100 operates as compare register
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(4) Signal edge selection register 10 (SESA10)

The SESA10 register specifies the valid edge of external interrupt requests from external pins
(TICC10, TICC11, TCLR1).
The valid edge (rising edge, falling edge, or both edges) can be specified independently for each

pin.

This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Cautions: 1. Changing the values of the SESA10 register bits during TMENC10 operation
(TM1CE bit = 1) is prohibited.

2. Be sure to set (1) the TM1CE bit of timer control register 1 (TMC10) even when

TMENC10 is not used and the TICC10 and TICC11 pins are used as external

interrupts INTCC10 and INTCC11 respectively.

3. Before setting the trigger mode of the TICC10, TICC11, and TCLR1n pins, set the
PM10 and PMC10 registers. If the PM10 and PMC10 registers are set after the
SESA10 register has been set, an illegal interrupt, incorrect counting, and
incorrect clearing may occur, depending on the timing of setting the PM10 and
PMC10 registers.

Figure 12-10: Signal Edge Selection Register 10 (SESA10) (1/2)

After reset: 00H

R/W Address: FFFFF6BDH

7 6 5 4 3 2 1 0
SESA10 TESUD1 | TESUDO | CESUD1 | CESUDO | IES111 IES110 | IES101 IES100
| L 1 L | I |
TIUD, TCUD1 TCLR1 TICC11 TICC10
capture trigger capture trigger
TESUD1 | TESUDO Valid Edge Specification of TIUD1 and TCUD1 Pins

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both, rising and falling edges

e The set values of the TESUD1 and TESUDO bits are only valid in UDC mode A and
UDC mode B.

* If mode 4 is specified as the operation mode of TMENC10 (specified with PRM102 to
PRM100 bits of PRM10 register), the valid edge specifications for the TIUD1 and
TCUD1 pins (TESUD1 and TESUDO bits) are not valid.

CESUD1

CESUDO

Valid Edge and Level Specification of TCLR1 Pins

0

Falling edge (TMENC10 cleared after edge detection)

1

Rising edge (TMENC10 cleared after edge detection)

1

0

Low level (TMENC10 clear status held)

1

1

High level (TMENC10 clear status held)

The set values of the CESUD1 and CESUDO bits are valid only in UDC mode A.
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Figure 12-10: Signal Edge Selection Register 10 (SESA10) (2/2)

IES111 IES110 Valid Edge Specification of TICC11 Capture Trigger Input Pin
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

A valid edge on the TICC11 pin triggers the capture register CC101. Simultaneously an
interrupt (INTCC11) is generated.

IES101 IES100 Valid Edge Specification of TICC10 Capture Trigger Input Pin
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both, rising and falling edges

A valid edge on the TICC10 pin triggers the capture register CC100. Simultaneously an
interrupt (INTCC10) is generated.
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®)

Prescaler mode register 10 (PRM10)
The PRM register is used to perform the following selections.

* Selection of count clock in the general-purpose timer mode (CMD bit of TUM10 register = 0)
* Selection of count operation mode in the UDC mode (CMD bit = 1)

This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 07H.

Cautions: 1. Overwriting the PRM10 register during TMENC10 operation (TM1CE bit = 1) is pro-

hibited.

2. When the CMD bit of the TUM10 register = 1 (UDC mode), setting the values of the
PRM2 to PRMO bits to 000B, 001B, 010B, and 011B is prohibited.

3. When TMENC10 is in mode 4, specification of the valid edge for the TIUD1 and
TCUD1 pins is invalid.

Figure 12-11: Prescaler Mode Register 10 (PRM10)

After reset: 07H R/W Address: FFFFF6BEH
5 4 3 2 1 0
PRM10 0 0 0 0 0 PRM102 | PRM101 | PRM100
PRM102 | PRM101 | PRM100 CMD =0 CMD =1
Count Clock Count Clock ‘ UDC Mode
0 0 0 Setting Setting prohibited
prohibited
0 0 1 fxx/8
0 1 0 fyx/16
0 1 1 fyx/32
1 0 0 fyx/64 TIUDA Mode 1
1 0 1 fxx/128 Mode 2
1 1 0 fxx/256 Mode 3
1 1 1 fyx/512 Mode 4

Remark: fyy: Internal system clock

(a) In general-purpose timer mode (CMD bit = 0)

The count clock is fixed to the internal clock. The clock rate of TMENC10 is specified by the
PRM102 to PRM100 bits.
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(b) UDC mode (CMD bit =1)

The TMENC10 count triggers in the UDC mode are as follows.

Operation Mode

TMENC10 Operation

Mode 1 Down count when TCUD1 = high level
Up count when TCUD1 = low level
Mode 2 Up count upon detection of valid edge of TIUD1 input
Down count upon detection of valid edge of TCUD1 input
Mode 3 Automatic judgment by TCUD1 input level upon detection of valid edge of TIUD1 input
Mode 4 Automatic judgment upon detection of both edges of TIUD1 input and both edges of

TCUD1 input
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(6) Status register 10 (STATUS10)

The STATUS10 register indicates the operating status of TMENC10.
This register is read-only in 8-bit or 1-bit units.
Reset input clears this register to 00H.

Caution: Overwriting the STATUS10 register during TMENC10 operation (TM1CE bit = 1) is pro-

hibited.
Figure 12-12: Status Register 10 (STATUS10)
After reset: O0H R/W Address: FFFFF6BFH
5 4 3 2 1 0
STATUS10 0 0 0 0 0 TM1UDF | TM1OVF | TM1UBD
TM1UDF TMENC10 Underflow Flag

0 No TMENC10 count underflow
1 TMENC10 count underflow

The TM1UDF bit is cleared (0) upon completion of read access to the STATUS10 register
from the CPU.

TM10VF TMENC10 Overflow Flag
0 No TMENC10 count overflow
1 TMENC10 count overflow

The TM10OVF bit is cleared (0) upon completion of read access to the STATUS10 register
from the CPU.

TM1UBD TMENC10 Up/Down Counter Operation Status

0 TMENC10 up count in progress

1 TMENC10 down count in progress

The state of the TM1UBD bit differs according to the mode as follows.

e The TM1UBD bit is fixed to 0 when the CMD bit of the TUM10 register = 0 (general-
purpose timer mode).

e The TM1UBD bit indicates the TMENC10 up/down count status when the CMD bit of
the TUM register = 1 (UDC mode)
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12.5 Operation

12.5.1 Basic operation

The following two operation modes can be selected for TMENC10.

(1)

()

538

General-purpose timer mode (CMD bit of TUM10 register = 0)

In the general-purpose timer mode, the TMENC10 operates either as a 16-bit interval timer or as a
PWM output timer (count operation is up count only).
The count clock to TMENC10 is selected by prescaler mode register 10 (PRM10).

Up/down counter mode (UDC mode) (CMD bit of TUM10 register = 1)

In the UDC mode, TMENC10 operates as a 16-bit up/down counter.

External clock input (TIUD1, TCUD1 pins) set by PRM10 register setting is used as the TMENC10
count clock.

The UDC mode is further divided into two modes according to the TMENC10 clear conditions.

e UDC mode A (TUM10 register’s CMD bit = 1, MSEL bit = 0)

The TMENC10 clear source can be selected as external clear input (TCLR1), the internal signal
indicating a match between the TMENC10 count value and the CM100 set value during an up
count operation, or the logical sum (OR) of the two signals, using the CLR1 and CLRO bits of the
TMC10 register.

TMENC10 can transfer (reload) the value of CM100 upon occurrence of TMENC10 underflow,
when the RLEN bit of the TMC10 register is set (1).

e UDC mode B (TUM10 register’s CMD bit = 1, MSEL bit = 1)

The status of TMENC10 after a match of the TMENC10 count value and CM100 set value is as

follows.

<1> In case of an up count operation, TMENC10 is cleared (0000H), and the INTCM10 interrupt
is generated.

<2> In case of a down count operation, the TMENC10 count value is decremented (-1).

The status of TMENC10 after a match of the TMENC10 count value and CM101 set value is as

follows.

<1> In case of an up count operation, the TMENC10 count value is incremented (+1).

<2> In case of a down count operation, TMENC10 is cleared (0000H), and the INTCM11
interrupt is generated.
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12.5.2 Operation in general-purpose timer mode

TMENC10 can perform the following operations in the general-purpose timer mode.

(1) Interval operation

TMENC10 and CM100 always compare their values and the INTCM10 interrupt is generated upon
occurrence of a match. TMENC10 is cleared (0000H) at the count clock following the match.
Furthermore, when one more count clock is input, TMENC10 counts up to 0001H.

The interval time can be calculated by the following formula.

Interval time = (CM100 value + 1) x TMENC10 count clock rate

Caution: Interval operation can be achieved by setting the ENMD bit of the TMC register to 1.

(2) Free-running operation

TMENC10 performs full count operation from 0000H to FFFFH, and after the TM1OVF bit of the
STATUS10 register is set (1), TMENC10 is cleared and resumes counting.
The free-running cycle can be calculated by the following formula.

Free-running cycle = 65,536 x TMENC10 count clock rate

Caution: The free-running operation can be achieved by setting the ENMD bit of the TMC
register to 0.

(3) Compare function

TMENC10 connects two compare register (CM100, CM101) channels and two capture/compare
register (CC100, CC101) channels.
When the TMENC10 count value and the set value of one of the compare registers match, a

match interrupt (INTCM10, INTCM11, INTCC10N°t® INTCC11N°t®) is output. Particularly in the
case of an interval operation, TMENC10 is cleared upon generation of the INTCM10 interrupt.

Note: This match interrupt is generated when CC100 and CC101 are set to the compare register
mode.

User’s Manual U16580EE2V0OUDOO 539



Chapter 12 16-bit 2-Phase Encoder Input Up/Down Counter/General Purpose Timer (TMENC10)

(4) Capture function

TMENC10 connects two capture/compare register (CC100, CC101) channels.

When CC100 and CC101 are set to the capture register mode, the value of TMENC10 is captured
in synchronization with the corresponding capture trigger signal.

Furthermore, an interrupt request (INTCC10, INTCC11) is generated by the TICC10, TICC11
input signals.

Table 12-3: Capture Trigger Signal to 16-Bit Capture Register

Capture Register Capture Trigger Signal
CC100 TICC10
CC101 TICC11

Remark: CC100 and CC101 are capture/compare registers. Which of these registers is used is
specified with capture/compare control register 1 (CCR10).

The valid edge of the capture trigger is specified by signal edge selection register 10 (SESA10). If
both the rising edge and the falling edge are selected as the capture triggers, it is possible to
measure the input pulse width from external. If a single edge is selected as the capture trigger, the
input pulse cycle can be measured.

(5) PWM output operation
PWM output operation is performed from the TO1 pin by setting TMENC10 to the general-purpose
timer mode (CMD bit of the TUM10 register = 0).
The resolution is 16 bits, and the count clock can be selected from among seven internal clocks
(Fxx/8, fxx/16, fxx/32, fxx/64, fxx/128, fxx/256, fxx/512).

Figure 12-13: TMENC10 Block Diagram (During PWM Output Operation)

fxx/8 —=
fxx/16 —

fxx/32 — . Clear
fod6d o TMENCH (16 bits) [~—

fxx/128 — \y‘\ 16 | ALVT1 ITUM1 register

fxx/256 —={

— INTCM10

fxx/512 —= Compare register S Q
(CM10)

\1\16 g

Compare register
(CM11)

INTCM11

Remark: fyy: Internal system clock
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¢ Description of operation

The PWM output cycle is specified by using the compare register CM100. When the value of this
register matches the value of TMENC10, the INTCM10 interrupt is generated, and TMENC10 is
cleared at the next count clock after the match.

The required PWM output duty is set by using the compare register CM101.

Figure 12-14: PWM Signal Output Example (When ALVT10 Bit = 0 Is Set)

CM10 set value -------
TMENCA1 CM11 set value --- f

TO1

INTCM10

INTCM11

Cautions: 1. Changing the values of the CM100 and CM101 registers is prohibited during
TMENC10 operation (TM1CE bit of TMC10 register = 1).

2. Changing the value of the ALVT1 bit of the TUM register is prohibited during
TMENC10 operation.

3. PWM signal output is performed from the second PWM cycle after the TM1CE bit
is set (1).
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12.5.3 Operation in UDC mode

(1)

Overview of operation in UDC mode

The count clock input to TMENC10 in the UDC mode (CMD bit of TUM10 register = 1) can only be
externally input from the TIUD1 and TCUD1 pins. Up/down count judgment in the UDC mode is
determined based on the phase difference of the TIUD1 and TCUD1 pin inputs according to the
PRM10 register setting (there is a total of four choices).

Table 12-4: List of Count Operations in UDC Mode

PRM10 Register Operation TM1n Operation

PRM102 | PRM101 | PRM100

Mode

1 0 0 Mode 1 Down count when TCUD1 = high level
Up count when TCUD1 = low level

1 0 1 Mode 2 Up count upon detection of valid edge of TIUD1 input
Down count upon detection of valid edge of TCUD1 input

1 1 0 Mode 3 Automatic judgment in TCUD1 input level upon detection
of valid edge of TIUD1 input

1 1 1 Mode 4 Automatic judgment upon detection of both edges of
TIUD1 input and both edges of TCUD1 input

The UDC mode is further divided into two modes according to the TMENC10 clear conditions (count
operation is performed only with TIUD1, TCUD1 input in both modes).

e UDC mode A (TUM register’s CMD bit = 1, MSEL bit = 0)

The TMENC10 clear source can be selected as only external clear input (TCLR1), a match signal
between the TMENC10 count value and the CM100 set value during up count operation, or logical
sum (OR) of the two signals, using bits CLR1 and CLRO of the TMC10 register.

TMENC10 can transfer (reload) the value of CM100 upon occurrence of TMENC10 underflow,
when the RLEN bit of the TMC10 register is set (1).

e UDC mode B (TUMn register’s CMD bit = 1, MSEL bit = 1)

542

The status of TMENC10 after match of the TMENC10 count value and CM100 set value is as

follows.

<1> In case of an up count operation, TMENC10 is cleared (0000H), and the INTCM10 interrupt
is generated.

<2> In case of a down count operation, the TMENC10 count value is decremented (-1).

The status of TMENC10 after match of the TMENC10 count value and CM101 set value is as

follows.

<1> In case of an up count operation, the TMENC10 count value is incremented (+1).

<2> In case of a down count operation, TMENC10 is cleared (0000H), and the INTCM11
interrupt is generated.
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(2) Up/down count operation in UDC mode

TMENC10 up/down count judgment in the UDC mode is determined based on the phase
difference of the TIUD1 and TCUD1 pin inputs according to the PRM register setting.

(a) Mode 1 (PRM12 to PRM10 bits = 100B)

In mode 1, the following count operations are performed based on the level of the TCUD1 pin upon

detection of the valid edge of the TIUD1 pin.
e TMENC10 down count operation when TCUD1 pin = high level
e TMENC10 up count operation when TCUD1 pin = low level

Figure 12-15: Mode 1 (When Rising Edge Is Specified as Valid Edge of TIUD1 Pin)

TIUD1

TCUD1 J 5

TMENCA1 X 0007H X 0006H :X 0005HEX 0004H X OOOSHX OOOGHX 0007H

| | |
\ \ \
Down count Up count

Figure 12-16: Mode 1 (When Rising Edge Is Specified as Valid Edge of TIUD1 Pin):

In Case of Simultaneous TIUD1, TCUD1 Pin Edge Timing

TIUD1

TCUD1

TMENCH X 0007H X 0006H X 0005H X 0004H X 0005H X 0006H X 0007H
| | |
| — |

Down count Up count
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(b) Mode 2 (PRM102 to PRM100 bits = 101B)

The count conditions in mode 2 are as follows.
e TMENC10 up count upon detection of valid edge of TIUD1 pin
e TMENC10 down count upon detection of valid edge of TCUD1 pin

Caution: If the count clock is simultaneously input to the TIUD1 pin and the TCUD1 pin, count
operation is not performed and the immediately preceding value is held.

Figure 12-17: Mode 2 (When Rising Edge Is Specified as Valid Edge of TIUD1, TCUD1 Pins)

TIUDA

TCUD1

|
\ \
Up count Hold value Down count

TMENCH1 X 0006H X 0007H X 0008H X 0007HX OOOGHX 0005H
| | |
|
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(c) Mode 3 (PRM102 to PRM100 bits = 110B)

In mode 3, when two signals 90 degrees out of phase are input to the TIUD1 and TCUD1 pins, the
level of the TCUD1 pin is sampled at the timing of the valid edge of the TIUD1 pin (refer to Figure
12-18).

If the TCUD1 pin level sampled at the valid edge timing of the TIUD1 pin is low, TMENC10 counts
down.

If the TCUD1 pin level sampled at the valid edge timing of the TIUD1 pin is high, TMENC10 counts

up.

Figure 12-18: Mode 3 (When Rising Edge Is Specified as Valid Edge of TIUD1 Pin)

TIUD1
TCUD1 J : |_
TMENCH1 X 0007H EXooosH X ooogHD( 000AH X OOOQHX OOOSHEX 0007H
| | |
| |

\
Up count Down count

Figure 12-19: Mode 3 (When Rising Edge Is Specified as Valid Edge of TIUD1 Pin):
In Case of Simultaneous TIUD1, TCUD1 Pin Edge Timing

TIUDA

TCUD1 : |

TMENCA1 X 0007H EXOOOBH X OOOQHX 000AH X OOOQHX OOOSHEX 0007H
| |
| |

\
\
Up count Down count
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(d) Mode 4 (PRM102 to PRM100 bits = 111B)

In mode 4, when two signals out of phase are input to the TIUD1 and TCUD1 pins, up/down
operation is automatically judged and counting is performed according to the timing shown in
Figure 12-20.

In mode 4, counting is executed at both the rising and falling edges of the two signals input to the

TIUD1 and TCUD1 pins. Therefore, TMENC10 counts four times per cycle of an input signal
(x 4 count).

Figure 12-20: Mode 4

Up count Down count

Cautions: 1. When mode 4 is specified as the operation mode of TMENC10, the valid edge
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specifications for pins TIUD1 and TCUD1 are not valid.

2. If the TIUD1 pin edge and TCUD1 pin edge are input simultaneously in mode 4,
TMENC10 continues the same count operation (up or down) it was performing
immediately before the input.
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(3) Operation in UDC mode A

(a) Interval operation
The operations at the count clock following a match of the TMENC10 count value and the CM100
set value are as follows.

¢ In case of up count operation: TMENC10 is cleared (0000H) and the INTCM10 interrupt is
generated.

* In case of down count operation: The TMENC10 count value is decremented (-1) and the
INTCM10 interrupt is generated.

Remark: The interval operation can be combined with the transfer operation.

(b) Transfer operation

The operations at the next count clock after the count value of TMENC10 becomes 0000H during
TMENC10 count down operation are as follows.

¢ In case of down count operation: The data held in CM100 is transferred.
¢ In case of up count operation: The TMENC10 count value is incremented (+1).

Remarks: 1. Transfer enable/disable can be set with the RLEN bit of the TMC10 register.

2. The transfer operation can be combined with the interval operation.

Figure 12-21: Example of TMUENC10 Operation When Interval Operation and Transfer
Operation are Combined

CM10 setvalue -----------f----------mmmmmmogomm oo

TMENCH1 count value

TMENC1 and CM10

match & timer clear & CM10 data transfer

TMENC1 underflow

Up count Down count
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(c) Compare function

TM1n connects two compare register (CM100, CM101) channels and two capture/compare
register (CC100, CC101) channels.
When the TMENC10 count value and the set value of one of the compare registers match, a

match interrupt (INTCM10, INTCM11, INTCC10N°t INTCC11Not®) js output.

Note: This match interrupt is generated when CC100 and CC101 are set to the compare register

(4)

548

mode.

(d) Capture function

TMENC10 connects two capture/compare register (CC100, CC101) channels.

When CC100 and CC101 are set to the capture register mode, the value of TMENC10 is captured
in synchronization with the corresponding capture trigger signal.

When the TMENC10 is set to the capture register mode, a capture interrupt (INTCC10, INTCC11)
is generated upon detection of the valid edge.

Operation in UDC mode B

(a) Basic operation
The operations at the next count clock after the count value of TMENC10 and the CM100 set value
match when TMENC10 is in UDC mode B are as follows.

¢ In case of up count operation.  TMENC10 is cleared (0000H) and the INTCM10 interrupt is
generated.

¢ In case of down count operation: The TMENC10 count value is decremented (-1).

The operations at the next count clock after the count value of TMENC10 and the CM101 set value
match when TMENC10 is in UDC mode B are as follows.

¢ In case of up count operation:  The TMENC10 count value is incremented (+1).

¢ In case of down count operation: TMENC10 is cleared (0000H) and the INTCM11 interrupt is
generated.

Figure 12-22: Example of TM10Operation in UDC Mode

CM10 setvalue ---------- - - AT T oo
TMENCH1 not
cleared if count clock
Clear  counts up following match
TMENCH1 count value -#----------f---------- f --------------------------------------------

Clear TMENCH1 not
cleared if count clock
counts down following match

CM11 setvalug ------------------------------------om- N M
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Chapter 12 16-bit 2-Phase Encoder Input Up/Down Counter/General Purpose Timer (TMENC10)

(b) Compare function

TMENC10 connects two compare register (CM100, CM101) channels and two capture/compare
register (CC100, CC101) channels.

When the TMENC10 count value and the set value of one of the compare registers match, a
match interrupt (INTCM10 (only during up count operation), INTCM11 (only during down count

operation), INTCC10N°te INTCC11N°t) s output.

Note: This match interrupt is generated when CC100 and CC101 are set to the compare register
mode.

(c) Capture function

TMENC10 connects two capture/compare register (CC100, CC101) channels.

When CC100 and CC101 are set to the capture register mode, the value of TMENC10 is captured
in synchronization with the corresponding capture trigger signal.

When the TMENC10 is set to the capture register mode, a capture interrupt (INTCC10, INTCC11)
is generated upon detection of the valid edge.
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12.6 Supplementary Description of Internal Operation

12.6.1 Clearing of count value in UDC mode B

When TMENC10 is in UDC mode B, the count value clear operation is as follows.
¢ In case of TMENC10 up count operation: TMENC10 is cleared upon match with CM100

¢ In case of TMENC10 down count operation: TMENC10 is cleared upon match with CM101

Figure 12-23: Clear Operation upon Match with CM100 During TMENC10 Up Count Operation

Clear TMENCA1
(Not clear TMENC1)

Count clock J |_

(rising edge set as valid edge)
TMENCH1 x FFFEH XFFFFHE (ggggﬂ)x(gggaﬂ)x

CM10

Up count ——=! Up count ——
(Down count)

Remark: Items between parentheses in the above figure apply to down count operation.

Figure 12-24: Clear Operation upon Match with CM101 during TMENC10
Down Count Operation

Clear TMENC1
(Not clear TMENC1)

Count clock J |_

(rising edge set as valid edge) |

TMENCH1 X 00FFH X 00FEH %8822:‘0)((5555,:*))(

CM11

Up count —! Down count ——
(Up count)

Remark: Items between parentheses in the above figure apply to up count operation.
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12.6.2 Clearing of count value upon occurrence of compare match

The internal operation during TMENC10 clear operation upon occurrence of a compare match is as
follows.

Figure 12-25: Count Value Clear Operation upon Compare Match

Clear TMENCAH
(Not clear TMENC1)
'
Count clock |_
(rising edge set as valid edge)
TMENCH1 X FFFEH XFFFFH X(SE‘F’%HH)X(SSEB%)X

CM10 | FFFFH

Up count —» Up count ——

(Down count)

Caution: The operations at the next count clock after the count value of TMENC10 and the
CM100 set value match are as follows.

¢ In case of up count: Clear operation is performed.
¢ In case of down count: Clear operation is not performed.

Remark: Items between parentheses in the above figure apply to down count operation.

12.6.3 Transfer operation

The internal operation during TMENC10 transfer operation is as follows.
Figure 12-26: Internal Operation During Transfer Operation

Transfer operation is performed.
(Transfer operation is not performed.)

Count clock J |_
(rising edge set as valid edge)
TMENCAH X 0001H XOOOOH (ESETE)X(ESSZEHH)X
CMm10 FFFFH
Down count ——=! Down count —
(Up count)

Caution: The count operations after the TMENC10 count value becomes 0000H are as follows.

¢ In case of down count: Transfer operation is performed.
¢ In case of up count: Transfer operation is not performed.

Remark: Items between parentheses in the above figure apply to up count operation.
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12.6.4 Interrupt signal output upon compare match

An interrupt signal is output when the count value of TMENC10 matches the set value of the CM100,
CM101, cc1oNete or CcC11Note register. The interrupt generation timing is as follows.

Note: When CC100 and CC101 are set to the compare register mode.

Figure 12-27: Interrupt Output upon Compare Match (CM101 with Operation Mode
set to General-Purpose Timer Mode and Count Clock Set to fyx/8)

= U LU U U
Count clock —| |_

TMENCH1 0007H X 0008H X 0009H X 000AH X 000BH X

CM11 0009H

Internal match signal

INTCM11

Remark: fc k: Base clock

An interrupt signal such as illustrated in Figure 12-27 is output at the next count following match of the
TMENC10 count value and the set value of a corresponding compare register.

12.6.5 TM1UBD flag (bit 0 of STATUS register) operation

In the UDC mode (CMD bit of TUM register = 1), the TM1UBD flag changes as follows during
TMENC10 up/down count operation at every internal operation clock.

Figure 12-28: TM1UBDn Flag Operation

Count clock | |_
TMENCH1 OOOOHX 0001H XOOOOH X 0001H X 0000H X 0001H

TM1UBD
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Chapter 13 Auxiliary Frequency Output Function (AFO)

13.1 Features

¢ Frequency up to 8 Mbps
¢ Programmable frequency output
¢ Interval timer function

¢ Interrupt request signal (INTBRG2)

13.2 Configuration

The AFO function includes the following hardware.

Table 13-1: AFO Configuration

Item Configuration

Control registers Prescaler mode registers 2 (PRSM2)

Prescaler compare registers 2 (PRSCM2)

Figure 13-1: Block Diagram of Auxiliary Frequency Output Function

8-bit Counter

fux/d ——— —(©O) AFO
fyx/8 ———» Y _| Output
A Control

PRSCM2

— INTBRG2
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Chapter 13 Auxiliary Frequency Output Function (AFO)

13.3 Control Registers

(1) Prescaler mode register 2 (PRSM2)
The PRSM2 register controls generation of a baud rate signal for the AFO function.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 00H

PRSM2

Cautions: 1.
2.

554

Figure 13-2: Prescaler Mode Register 2 (PRSM2)

R/W Address: FFFFFDEOH

7 6 5 4 3 2 1 0
0 0 BGCE2 0 0 BGCS21 | BGCS20

BGCE2 Baud Rate Generator Output Control

0 Disabled

1 Enabled
BGCS21 | BGCS20 | Baud Rate Generator Clock Selection (fggcso) | Setting Value (k)

0 0 fxx 0

0 1 fyx/2 1

1 0 fyx/4 2

1 1 fyx/8 3

Do not rewrite the PRSM2 register during operation.
Set the BGCS21, BGCS20 bits before setting the BGCE2 bit to 1.
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(2) Prescaler compare registers 2 (PRSCM2)

The PRSCM2 register is an 8-bit compare register.
This register can be read or written in 8-bit units.
Reset input clears this register to 00H.

Figure 13-3: Prescaler Compare Register 2 (PRSCM2)

After reset: 00H R/W Address: FFFFFDE1H
7 6 5 4 3 2 1 0
PRSCM2 |PRSCM27|PRSCM26|PRSCM25/PRSCM24|PRSCM23|PRSCM22|PRSCM21|{PRSCM20

PRSCM|PRSCM|PRSCM|PRSCM|PRSCM|PRSCM[PRSCM[PRSCM| AFO Clock | N
27 26 | 25 24 23 22 | 21 20
0 0 0 0 0 0 0 0 | faasco/256 | 256
0 0 0 0 0 0 0 1 fagsce 1
0 0 0 0 0 0 1 0 fagsca/2 2
1 1 1 1 1 1 0 0 | fagscal252 | 252
1 1 1 1 1 1 0 1 | fagsce/253 | 253
1 1 1 1 1 1 1 0 | fagsco/254 | 254
1 1 1 1 1 1 1 1 | fagsce/255 | 255

Cautions: 1. Do not rewrite the PRSCM2 register during operation.
2. Set the PRSCM2 register before setting the BGCE2 bit of the PRSM2 register to 1.
3. Do not set the AFO clock to a higher frequency than 8 MHz.

Remark: fggcgo: Clock frequency selected by the BGCS21, BGCS20 bits of the PRSM2 register.

User’s Manual U16580EE2V0OUDOO 555



Chapter 13 Auxiliary Frequency Output Function (AFO)

13.4 Operation

13.4.1 Auxiliary frequency output

The auxiliary frequency output (AFO) is enabled as soon as the shared port (P75) is set into control
output mode by setting bit 5 of the PM7 register to 0 and bit 5 of the PMC7 register to 1.

13.4.2 Auxiliary frequency generation

The auxiliary frequency output clock is generated by dividing the main clock. The baud rate generated
from the main clock is obtained by the following equation.

_TBacs2 _ _ fxx

f
AFO Nx 2 2k><N><2

Remarks: 1. fapg:  AFO clock

2. fggese: Clock frequency selected by the BGCS21, BGCS20 bits of the PRSM2

register.
3. fxx: Main clock oscillation frequency
4, k PRSM2 register setting value (2 <k <5)
5. N: PRSCMm register setting value (1 to 255), when PRSCM2 = 01H to FFH,

or N = 256, when PRSCM2 = 00H.

13.4.3 Interval timer function
The AFO function can be used as interval timer regardless whether the auxiliary frequency output is

used or not. For this purpose an interrupt request signal (INTBRG2) is assigned, which can be handled
like any maskable interrupt.
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14.1 Features

e Analog input: 2 X 10 channels (ANIOO to ANI09, ANI10 to ANI19)
* 10-bit resolution
e On-chip A/D conversion result register (ADCRn0 to ADCRnN9): 10 bits x 10
e A/D conversion trigger mode
- A/D trigger mode

- Timer trigger mode
- External trigger mode

e Successive approximation method

e DMA transfer support of A/D conversion result to internal RAM

Remark: n=0,1
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14.2 Configuration

The A/D converter of the VB50E/PH2 adopts the successive approximation method, and uses A/D con-
verter n mode registers 0, 1, 2 (ADMn0, ADMn1, ADMn2), and the A/D conversion result register
(ADCRNO to ADCRnN9) to perform A/D conversion operations (n =0, 1).

(1)

()

3)

(4)

®)

(6)

@)

Input circuit

The input circuit selects the analog input (ANINO to ANIn9) according to the mode set by the
ADMnNO, ADMn1, and ADMn2 registers.

C-Array

Holds the charge of the differential voltage between the voltage input from the analog input pins
(ANINnO to ANIn9) and the reference voltage (1/2 AVpp), and redistributes the sampled charges.

C-Dummy
This block holds the reference voltage (1/2 AVpp) and assigns the reference of the comparator
input.

Voltage comparator

The voltage comparator compares the C-Array comparison potential with the C-Dummy reference
potential.

A/D conversion result register (ADCRnm), A/D conversion result register nH (ADCRnmH)
(n=0,1)(m=0to09)

ADCRnm is a 10-bit register that holds A/D conversion results. Each time A/D conversion is
completed, the conversion results are loaded from the successive approximation register (SAR).
RESET input makes this register undefined.

A/D conversion result register for DMA transfer (ADDMAR) (n = 0, 1)

ADDMAnN is a 16-bit register that holds the last 10-bit A/D conversion result and an over rung flag
for indicating a DMA transfer failure.

ANINnO to ANIn9 pins (n=0, 1)

These are 10-channel analog input pins for the A/D converter n. They input the analog signals to
be A/D converted.

Caution: Make sure that the voltages input to ANIn0 to ANIn9 do not exceed the rated values. If

®)

558

a voltage higher than AVpp or lower than AVgg, (even within the range of the absolute

maximum ratings) is input to a channel, the conversion value of the channel is
undefined, and the conversion values of the other channels may also be affected.

AVREF, Pins (n =0, 1)

This is the pin for inputting the reference voltage of the A/D converter. It converts signals input to
the ANInO to ANIn9 pins to digital signals based on the voltage applied between AVgg, and

AVREEn-
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(9) AVgg,pin(n=0,1)
This is the ground pin of the A/D converter. Always use this pin at the same potential as that of the

EVgg pin even when the A/D converter is not used.

(1 0) AVDD pln

This is the analog power supply pin of both A/D converters (ADCO, ADC1).

Block Diagram of A/D Converter (ADCn)

Comparator

C-Dummy

>

C-Array

O AVgern
—O AVpp
—O AVgqn

Input circuit

i

Successive approximation
register (SAR)

—!

|

Controller

Figure 14-1:
ANINO O—
ANIn1 O—
ANIn2 O—
ANIn3 O—
ANIn4 O—
ANIn5 O—
ANIn6 O—=
ANIn7 O—
ANIng8 O—
ANIn9 O—
fyx/d
ADTRGnO—~| 9%
aetection
Trigger TROADTRGO
events TROADTRGH1
from INTTROOD
TMRO | \NTTROCD Trigger
Trigger TR1ADTRGO selector
events TR1ADTRG1
from INTTR10D
TMRT | |NTTRICD
Remarks: 1. fyy: Main clock
2. n=0,1
Cautions: 1.

I

ADDMAnN

ADCRNO (ADCRnOH

ADCRn1 (ADCRn1H

ADCRn2 (ADCRn2H

ADCRnN3 (ADCRn3H

ADCRn4 (ADCRn4H

ADCRn6 (ADCRn6H

ADCRn7 (ADCRn7H

ADCRn8 (ADCRn8H

)
)
)
)
)
ADCRn5 (ADCRn5H)
)
)
)
)

ADCRn9 (ADCRn9H

INTADN

ADDMARQnN

If there is noise at the analog input pins (ANIn0 to ANIn9) or at the reference

voltage input pin (AVgggn), that noise may generate an illegal conversion resulit.

Software processing will be needed to avoid a negative effect on the system from
this illegal conversion result.
An example of this software processing is shown below.

e Take the average result of a number of A/D conversions and use that as the
A/D conversion result.

e Execute a number of A/D conversions consecutively and use those results,
omitting any exceptional results that may have been obtained.

2. Do not apply a voltage outside the AVgg, to AVRer, range to the pins that are
used as A/D converter input pins.
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14.3 Control Registers

(1) A/D converter n mode register 0 (ADMnO)

The ADMNO register is an 8-bit register that specifies the operation mode, and executes
conversion operations.

This register can be read or written in 8-bit or 1-bit units. However, bit 6 can only be read. Writing
this bit is ignored.

Reset input sets this register to O0OH.

Cautions: 1. When the ADCEN bit is 1 in the timer trigger mode and external trigger mode, the
trigger signal standby state is set. To clear the ADCEn bit, write 0 or reset.
In the A/D trigger mode, the conversion trigger is set by writing 1 to the ADCEn
bit. After the operation, when the mode is changed to the timer trigger mode or
external trigger mode without clearing the ADCEn bit, the trigger input standby
state is set immediately after changing the register.

2. Changing the setting of the BSn and MSn bits is prohibited while A/D conversion
is enabled (ADCEn bit = 1).

3. When data is written to the ADMnO register during an A/D conversion operation,
the conversion operation is initialized and conversion is executed from the
beginning.

Figure 14-2: A/D Converter n Mode Register 0 (ADMn0)

After reset: O0H R/W Address: ADMOO FFFFF200H,
ADM10 FFFFF240H
7 6 5 4 3 2 1 0
ADMNO | ADCEn | ADCSn BSn MSn 0 0 0 0
(n=0,1)
ADCEn A/D Conversion Operation Control of ADCn
0 Disables A/D conversion operation of ADCn
1 Enables A/D conversion operation ADCn
ADCSn A/D Conversion Status Flag of ADCn
0 A/D conversion of ADCn is stopped
1 A/D conversion of ADCn is operating
BSn ADCn Buffer Mode Specification
0 1-buffer mode

1 4-buffer mode

MSn ADCn Operation Mode Specification
0 Scan mode
1 Select mode

Remark: n=0,1
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(2) AJ/D converter n mode register 1 (ADMn1)

The ADMn1 register is an 8-bit register that specifies the conversion operation time and trigger
mode.

This register can be read or written in 8-bit or 1-bit units.

Reset input sets this register to O0H.

Cautions: 1. Changing the setting of the EGAn1, EGANn0O, and FRn3 to FRnO bits is prohibited
while A/D conversion is enabled (ADCEn bit of the ADMnO register = 1).

2. When data is written to the ADMn1 register during an A/D conversion operation,
the conversion operation is initialized and conversion is executed from the
beginning.

Figure 14-3: A/D Converter n Mode Register 1 (ADMn1) (1/2)

After reset: 00H R/W Address: ADMO1 FFFFF201H,
ADM11 FFFFF241H
7 6 5 4 3 2 1 0
ADMnt | EGAnt | EGAn0 | TRGn1 | TRGn0O | FRn3 FRn2 | FRnt | FRn0 |
(n=0,1)
EGAN1 EGANO Valid Edge Specification of External Trigger Input (ADTRGn)
0 0 No edge detected (does not operate as external trigger)
0 1 Falling edge detected
1 0 Rising edge detected
1 1 Both edges, falling and rising edge detected
TRGn1 TRGnO ADCn Trigger Mode Specification
0 0 A/D trigger mode
0 1 Timer trigger mode
1 0 External trigger mode
1 1 Setting prohibited

Remark: n=0,1
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Figure 14-3: A/D Converter n Mode Register 1 (ADMn1) (2/2)

FRn3 FRn2 FRn1 FRnO Number of | Conversion Operation TimeNote 1
conversion R
clocks fyx = 64 MHz | A/D Stabilization
TimeNote 2
0 0 0 0 128  |2.0ps 64/fyx
0 0 0 1 256 |4.0ps 128/fyy
0 0 1 0 384  |6.0ps 160/fyy
° 0 ! 1 512 [8.0ps 160/fyx
0 1 0 0 640 Setting 160/fxy
prohibited
° ! 0 1 768 160/fxy
Others than above Setting prohibited

Notes: 1. Set the conversion operation time in the range of 2 to 10 ps.

2. After the ADCEn bit is set from 0 to 1 to secure the stabilization time of the A/D converter,
conversion is started after the A/D stabilization time has elapsed only before the first A/D

conversion is executed.

Cautions: 1. Do not change the set value of the A/D conversion time (FRn3 to FRnO bits)

during an A/D conversion operation (ADCEn bit = 1). To change the value, clear

the ADCERNn bit to 0.

2. When the trigger mode (TRGn1 and TGRnO bits) is changed midway, A/D
conversion can be started immediately without having to secure the A/D

stabilization time by re-setting the ADCE bit to 1.

Remarks: 1. fyyx: Main clock

2. n=0,1
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(3) A/D converter n mode register 2 (ADMn2)
The ADMnN2 register is an 8-bit register that specifies the analog input pin of the A/D converter n
(n=0,1).
This register can be read or written in 8-bit or 1-bit units.
Reset input sets this register to O0H.

Cautions: 1. If a channel for which no analog input pin exists is specified, the result of A/D
conversion is undefined.

2. Changing the setting of the ANISn3 to ANISnO bits is prohibited while A/D
conversion is enabled (ADCEn bit of the ADMnO register = 1).

3. When data is written to the ADMn2 register during an A/D conversion operation,
the conversion operation is initialized and conversion is executed from the
beginning.

Figure 14-4: A/D Converter n Mode Register 2 (ADMn2)

After reset: 00H R/W Address: ADMO1 FFFFF201H,
ADM11 FFFFF241H

6 5 4 3 2 1 0

ADMnN2 | 0 0 0 0 ANISNn3 | ANISn2 | ANISn1 ANInO

(n=0,1)

ANIn3 ANIn2 ANIn2 ANInO Specification of Analog Input Pins for A/D
Conversion

Select Mode Scan Mode
0 0 0 0 ANInO ANInO
0 0 0 1 ANIn1 ANInO, ANIn1
0 0 1 0 ANIn2 ANInO to ANIn2
0 0 1 1 ANIn3 ANInO to ANIn3
0 1 0 0 ANIn4 ANInO to ANIn4
0 1 0 1 ANIn5 ANINO to ANIn5
0 1 1 0 ANIn6 ANInO to ANIn6
0 1 1 1 ANIn7 ANInO to ANIn7
1 0 0 0 ANIn8 ANInO to ANIn8
1 0 0 1 ANIn9 ANInO to ANIn9

Others than above Setting prohibited

Remark: n=0,1
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(4) A/D converter n trigger source select register (ADTRSELnN)

The ADTRSELRN register is an 8-bit register that specifies the timer trigger signal in the timer
trigger mode (TRGn1, TRGnNO bits of ADMn1 register = 01B).

This register can be read or written in 8-bit units.

Reset input sets this register to O0H.

Caution: Before changing the setting of the ADTRSELn register, stop the A/D conversion oper-
ation (by clearing the ADCEn bit of the ADMnO register to 0). The operation is not
guaranteed if the setting of the ADTRSELN register is changed while A/D conversion
is enabled (ADCEn bit = 1).

Figure 14-5: A/D Converter n Trigger Source Select Register (ADTRSELn)

After reset: 00H R/W Address: ADTRSELO FFFFF270H,
ADTRSEL1 FFFFF272H
6 5 4 3 2 1 0
ADTRSELn | 0 0 0 0 TSELNn3 | TSELn2 | TSELn1 | TSELNO
(n=0,1)
TSELNn3 | TSELn2 | TSELn2 | TSELNnO Trigger Source Selection
in Timer Trigger Mode
0 0 0 0 None. All trigger sources are ignored.
0 0 0 1 TROADTRGO signal (from TMRO)
0 0 1 0 TROADTRGH1 signal (from TMRO)
0 0 1 1 TR1ADTRGO signal (from TMR1)
0 1 0 0 TR1ADTRGH1 signal (from TMR1)
0 1 0 1 INTTROOD interrupt (from TMRO)
0 1 1 0 INTTROCD interrupt (from TMRO)
0 1 1 1 INTTR10OD interrupt (from TMR1)
1 0 0 0 INTTR1CD interrupt (from TMR1)
Others than above Setting prohibited

Remark: n=0,1
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(5) AJD conversion result registers n0 to n9, nOH to n9H (ADCRnO to ADCRn9, ADCRnOH to
ADCRN9H)

The ADCRnm register is a 10-bit register holding the A/D conversion results (n =0, 1)(m =0 to 9).
These registers are read-only in 16-bit or 8-bit units. When 16-bit access is performed, the
ADCRnNm register is specified, and when 8 bit access is performed, the ADCRnmH register
holding the higher 8 bits of the conversion result is specified.

When reading the 10-bit data of the A/D conversion results from the ADCRnm register, only the
higher 10 bits are valid and the lower 6 bits are always read as 0.

Reset input causes an undefined register content.

Figure 14-6: A/D Conversion Result Registers n0 to n9, nOH to n9H
(ADCRnNO to ADCRn9, ADCRnOH to ADCRn9H)

After reset:  Undefined R Address: ADCRO00 FFFFF210H, ADCR10 FFFFF250H,
ADCRO1 FFFFF212H, ADCR11 FFFFF252H,
ADCRO02 FFFFF214H, ADCR12 FFFFF254H,
ADCRO03 FFFFF216H, ADCR13 FFFFF256H,
ADCRO04 FFFFF218H, ADCR14 FFFFF258H,
ADCRO5 FFFFF21AH, ADCR15 FFFFF25AH,
ADCRO06 FFFFF21CH, ADCR16 FFFFF25CH,
ADCRO07 FFFFF21EH, ADCR17 FFFFF25EH,
ADCRO08 FFFFF220H, ADCR18 FFFFF260H,
ADCRO09 FFFFF222H, ADCR19 FFFFF262H,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCRnm |ADnm9\ADnma\ADnm7\ADnm6\ADnms\ADnmax\ADnms\ADnmz\ADnm1\ADnmo| 0 \ 0 | 0 \ 0 | 0 \ 0 |

L |
ADCRnmH

After reset:  Undefined R Address: ADCROOH FFFFF210H, ADCR10H FFFFF250H,
ADCRO1H FFFFF212H, ADCR11H FFFFF252H,
ADCRO2H FFFFF214H, ADCR12H FFFFF254H,
ADCRO3H FFFFF216H, ADCR13H FFFFF256H,
ADCRO04H FFFFF218H, ADCR14H FFFFF258H,
ADCRO5H FFFFF21AH, ADCR15H FFFFF25AH,
ADCRO6H FFFFF21CH, ADCR16H FFFFF25CH,
ADCRO7H FFFFF21EH, ADCR17H FFFFF25EH,
ADCRO8H FFFFF220H, ADCR18H FFFFF260H,
ADCRO09H FFFFF222H, ADCR19H FFFFF262H,

7 6 5 4 3 2 1 0
ADCRnmH ADnm9 ADnm8 ADnm7 ADnm6 ADnm5 ADnm4 ADnm3 ADnm2

Remark: n=0,1
m=0to9
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The correspondence between each analog input pin and the ADCRnm register is shown in Table 14-1
below.

Table 14-1: Assignment of A/D Conversion Result Registers to Analog Input Pins

Analog Input Pin Assignment of A/D Conversion Result Registers
Select 1 Buffer Mode/ Select 4 Buffer Mode
Scan Mode

ANINnO ADCRNO, ADCRnOH ADCRNO to ADCRn3,

ANInT ADCRn1, ADCRn1H ADCRnOH to ADCRn3H

ANIn2 ADCRn2, ADCRn2H

ANINn3 ADCRN3, ADCRn3H

ANIn4 ADCRn4, ADCRn4H ADCRn4 to ADCRn7,

ANIn5 ADCRn5, ADCRn5H ADCRnaH to ADCRn7H

ANIn6 ADCRn6, ADCRn6H

ANIn7 ADCRNn7, ADCRn7H

ANIn8 ADCRN8, ADCRn8H ADCRnN8 to ADCRn9,

ANIn9 ADCRn9, ADCRnOH ADCRn8H to ADCRnSH

The relationship between the analog voltage input to the analog input pins (ANInO to ANIn9) and the
A/D conversion result (of the A/D conversion result register (ADCRnm)) is as follows:

v
ADCR = INT( IN_ 1024+o,5)
AVger

or,

AVREF
§AN<(ADCFP+05)X'?6§I

AVREF

(ADCR-0,5) x 1004

INT(): Function that returns the integer value

VIN: Analog input voltage

AVREF: AVREF pln voltage

ADCR: Value of A/D conversion result register (ADCRnm)

Figure 14-7 shows the relationship between the analog input voltage and the A/D conversion results.

Remark: n=0,1
m=0to9

566 User's Manual U16580EE2VOUDOO



Chapter 14 A/D Converter

Figure 14-7: Relationship Between Analog Input Voltage and A/D Conversion Results

1023

1022

A/D conversion

results (ADCRnm) 1021

Remark: n=0,1
m=0to9

1
1
1
—d
11 3 2 5 3 2043 1022 2045 1023 2047
2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 204
Input voltage/AV ..
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(6) A/D conversion result register n for DMA (ADDMAR)
The ADDMAN register is a 16-bit register holding the result of the latest A/D conversion operation,
and is used for DMA transfer of ADCn results into the internal RAM. It has an overrun detection
flag indicating an overrun situation of the DMA transfer mechanism (n = 0, 1).
This register is read-only in 16-bit units.
Reset input causes an undefined register content.

Caution: Do not read the ADDMAnN register by CPU during DMA transfer activities. If this
register is read by CPU, overflow detection cannot be ensured.

Figure 14-8: A/D Conversion Result Registers n0 to n9, nOH to n9H
(ADCRnO to ADCRn9, ADCRnOH to ADCRn9H)

After reset: Undefined R Address: ADDMAO FFFFF224H,
ADDMA1 FFFFF264H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ADDMAnN  |ADDMAJADDMAIADDMA|ADDMAJADDMAIADDMA|ADDMAIADDMAJADDMAJADDMA
n9 n8 n7 né n5 nd n3 n2 ni n0

0 0 0 0 0 |ODFn

ADDMAN9 to A/D Conversion Result for DMA Transfer
ADDMANO

O0O0H to 3FFH Latest A/D conversion result value

ODFn Overrun Detection Flag
0 No A/D conversion result overrun was detected.
1 At least one A/D conversion result was overrun since the last read of the
ADDMAn register.

e The ODFn flag is used for indicating a DMA transfer failure of the A/D conversion
results.

e The ODFn flag is cleared (0), when the A/D conversion is stopped (ADCEn bit of the
ADMNO register is cleared to 0).

Remark: n=0,1
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14.4 Operation

14.4.1 Basic operation

A/D conversion is executed by the following procedure.

<1> The selection of the analog input and specification of the operation mode, trigger mode, etc.

should be specified using the ADMn0, ADMn1 or ADMn2 registersN°® 1 (n = 0, 1).
When the ADCENn bit of the ADMnO register is set to 1, A/D conversion starts in the A/D trigger

mode. In the timer trigger mode and external trigger mode, the trigger standby stateNote 2 js set.

<2> When A/D conversion is started, the C-array voltage on the analog input side and the C-array volt-
age on the reference side are compared by the comparator.

<3> When the comparison of the 10 bits ends, the conversion results are stored in the ADCRnm
register. When A/D conversion has been performed the specified number of times, the A/D
conversion end interrupt (INTADn) is generated (n=0, 1), (m =010 9).

Notes: 1. If the setting of the ADMn0O, ADMn1 or ADMn2 registers (n = 0, 1) is changed during A/D
conversion, the operation immediately before is stopped, and the result of the conversion is
not stored in the ADCRnm register (m = 0 to 9). The A/D conversion operation is then
initialized, and conversion is executed from the beginning again.

2. During the timer trigger mode and external trigger mode, if the ADCEn bit of the ADMn0
register is set to 1, the mode changes to the trigger standby state. The A/D conversion oper-
ation is started by the trigger signal (ADCSn bit in the ADMnO register = 1), and the
trigger standby state (ADCSn bit = 0) is returned when the A/D conversion operation ends.
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14.4.2 Operation mode and trigger mode

Various conversion operations can be specified for the A/D converter by specifying the operation mode
and trigger mode. The operation mode and trigger mode are set by the ADMn0O and ADMn1registers.
The following table shows the relationship between the operation mode and trigger mode.

(1)

570

Table 14-2: Relationship Between Operation Mode and Trigger Mode

Trigger Mode Operation Mode Register Set Value

ADMnNO ADMn1

A/D trigger Select 1 buffer xx010000B xx000xxxB
4 buffers xx110000B
Scan xx000000B

Timer trigger Select 1 buffer xx010000B xx010xxxB
4 buffers xx110000B
Scan xx000000B

External trigger | Select 1 buffer xx010000B xx100xxxB
4 buffers xx110000B
Scan xx000000B

Trigger mode

There are three types of trigger modes that serve as the start timing of A/D conversion processing:
A/D trigger mode, timer trigger mode, and external trigger mode. These trigger modes are set by
the TRGn1 and TRGNO bits of the ADMn1 register.

(a) A/D trigger mode

This mode starts the conversion timing of the analog input set to the ANIn0 to ANIn9 pins, and by
setting the ADCEn bit of the ADMnO register to 1, starts A/D conversion. Unless the ADCEn bit is
cleared to O after conversion, the next conversion operation is repeated. If data is written to the
ADMNO to ADMn2 registers during conversion, conversion is stopped and then executed from the
beginning again.

(b) Timer trigger mode

This mode specifies the conversion timing of the analog input set for the ANInO to ANIn9 pins
using signals from the inverter timer R (TMRO, TMR1).

The ADTRSELR register specifies the analog input conversion timing by selecting either one of the
A/D converter trigger signals (TROADTRGO, TROADTRG1, TR1ADTRGO, TR1ADTRG1) or one of
the top and bottom reversal interrupts (INTTROCD, INTROOD, INTTR1CD, INTTR10D) connected
to the 16-bit inverter timer R (TMRO, TMR1).

If the ADCENn bit of the ADMnO register is set to 1, the A/D converter waits for an event input
(TROADTRGO, TROADTRG1, TR1ADTRGO, TR1ADTRGH1, INTTROCD, INTROOD, INTTR1CD, or
INTTR10D), and starts conversion when the event occurs (ADCSn bit of the ADMnO register = 1).
When conversion has finished, the converter waits for an event input again (ADCSn bit = 0). If data
is written to the ADMnO0 to ADMn2 registers during conversion, conversion is stopped and then
executed from the beginning again.
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()

(c) External trigger mode

This mode specifies the conversion timing of the analog input to the ANIn0O to ANIn9 pins using the
ADTRGN pin.

The EGAn1 and EGANO bits of the ADMn1 register are used to specify the valid edge to be input
to the ADTRGn pin.

When the ADCERn bit of the ADMnO register is set to 1, the A/D converter waits for an external
trigger (ADTRGN), and starts conversion when the valid edge of ADTRGn is detected (ADCSn bit
of the ADMnO register = 1). When the converter has finished its conversion operation, it waits for
an external trigger again (ADCSn bit = 0).

If the valid edge is detected at the ADTRGn pin during conversion, conversion is executed from
the beginning again.

If data is written to the ADMn0 to ADMn2 registers during conversion, conversion is stopped and
then executed from the beginning again.

Operation mode

There are two operation modes that set the ANInO to ANIn9 pins: select mode and scan mode.
The select mode has sub-modes that consist of 1-buffer mode and 4-buffer mode. These modes
are set by the BSn and MSn bits of the ADMnO register.

(a) Select mode

In this mode, one analog input specified by the ADMn2 register is A/D converted. The conversion
results are stored in the ADCRnm register corresponding to the analog input (ANInm). For this
mode, the 1-buffer mode and 4-buffer mode are provided for storing the A/D conversion results
(m=0to09).

¢ 1-buffer mode

In this mode, one analog input specified by the ADM2 register is A/D converted. The conversion
results are stored in the ADCRnm register corresponding to the analog input (ANInm) (m = 0 to 9).
The ANInm and ADCRnm register correspond one to one, and an A/D conversion end interrupt
(INTADnN) is generated each time one A/D conversion ends. After conversion has finished, the next
conversion operation is repeated, unless the ADCEn bit of the ADMnO register is cleared to 0.
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Figure 14-9: Select Mode Operation Timing: 1-Buffer Mode (ANIn1)

/ e
ANIn1 (input)
Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
. Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
A/D conversion (ANIn1) | | (ANIn1) | | (ANInt) | | (ANIn1) (ANIn1) (ANIn1)
. Data 1 Data 2 Data 3 Data 4 Data 5
ADCRn1 register (ANIn1) | (ANIn1) | (ANIn1) (ANIn1) (ANIn1)

INTADn interrupt |_| |_| |_| |_| |_| |_|_

Conversion  ADCEn ADCEnN ADCEN Conversion  ADCEn
start bit set bit set bit set start bit set
(ADMNO register setting) (ADMNO register setting)
Analog input ADCRnm register
ANIno O ADCRNO
ANInt O ADCRnN1
ANIn2 O \ / ADCRnN2
ANIN3 O oO—|N D( Xg’gf)”er 0O ADCRn3
ANIn4 O ADCRn4
ANIn5 O ADCRN5
ANIne O ADCRn6
ANIn7 O ADCRn7
ANIng O ADCRN8
ANIng O ADCRN9

Remark: n=0,1
m=0to9
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e 4-buffer mode
In this mode, one analog input is A/D converted and the results are stored in the ADCRnm regis-
ters. The A/D conversion end interrupt (INTADN) is generated when the four A/D conversions end
(m = 0 to 3 when one of the analog input channels ANIn0O to ANIn3 is specified,
m = 4 to 7 when one of analog input channels ANIn4 to ANIn7 is specified, and m = 8 to 9 when
one of the analog input channels ANIn8 or ANINn9 is specified).
After conversion has finished, the next conversion operation is repeated, unless the ADCEn bit of
the ADMO register is cleared to 0.

Figure 14-10: Select Mode Operation Timing: 4-Buffer Mode (ANIn2)

ANINn2 (input)

A/D conversion

/é/ )\\€
Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
(ANINn2) (ANIn2) (ANINn2) (ANINn2) (ANIn2) (ANINn2)

NN

ADCRNm register

INTADnN interrupt

Data 1 Data 2 Data 3 Data 4 Data 5
(ANIn2) (ANINn2) (ANINn2) (ANINn2) (ANINn2)
ADCRN0O ADCRn1 ADCRnN2 ADCRnN3 ADCRN0O
Conversion start Conversion start
(ADMnNO register setting) (ADMNO register setting)
Analog input ADCRnm register
ANInO O ADCRNO
ANIn1 O ADCRn1
ANIn2 O ADCRn2
\ A/D converter
ANIN3 O O— (ADCn) —O —— ADCRn3
ANInda O ADCRn4
ANIns O ADCRn5
ANIne O ADCRn6
ANIn7 O ADCRn7
ANIn8 O ADCRnN8
ANIn9 O ADCRn9

Remark: n=0,1
m=0to9
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(b) Scan mode

In this mode, the analog inputs specified by the ADMn2 register are selected sequentially from the
ANINO pin, and A/D conversion is executed. The A/D conversion results are stored in the ADCRnm
register corresponding to the analog input (m = 0 to 9). When the conversion of the specified
analog input ends, the A/D conversion end interrupt (INTADnN) is generated. After conversion has
finished, the next conversion operation is repeated, unless the ADCEn bit of the ADMnO register is
cleared to 0.

Figure 14-11: Scan Mode Operation Timing: 4-Channel Scan (ANIO to ANI3)

ANINO (input)y  —€ -
9\\ [
Data 1
Data 5
\
ANIn1 (input) —
Data 2 pata
/\\
[
ANIn2 (input) Data 3 —
-

ANIN3 (input) ——— |

Data 4
) Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
A/D conversion (ANINO) (ANIn1) (ANIn2) | (ANIn3) (ANINO) (ANIn1)
Data 1 Data 2 Data 3 Data 4 Data 5
ADCRNm register (ANInO) (ANIn1) (ANIn2) (ANIng) (ANInO)
ADCRO ADCR1 ADCR2 ADCR3 ADCRO
INTADnN interrupt |_|
Conversion start Conversion start
(ADMnNO register setting) (ADMnO register setting)
Analog input ADCRNm register

ANInO O ADCRNO

ANIn1 - O ADCRn1

ANIn2 O ADCRn2

ANINE O ———= O— N D( Xgrc‘;’r’f)”er O ———| ADCRn3

ANInda O ADCRn4

ANIn5 O ADCRn5

ANIn6 O ADCRnN6

ANIn7 O ADCRn7

ANIng O ADCRn8

ANIn9 O ADCRN9

Remark: n=0,1
m=0to9
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14.5 Operation in A/D Trigger Mode

When the ADCERn bit of the ADMnO register is set to 1, A/D conversion is started.

14.5.1 Select mode operation

In this mode, the analog input specified by the ADMn2 register is A/D converted. The conversion results
are stored in the ADCRnm register corresponding to the analog input. In the select mode, the 1-buffer
mode and 4-buffer mode are supported according to the storing method of the A/D conversion results

(n=0,1),(m=0109).

(1) 1-buffer mode (A/D trigger select: 1 buffer)

In this mode, one analog input is A/D converted once. The conversion results are stored in one
ADCRn register. The analog input and ADCRn register correspond one to one.
Each time an A/D conversion is executed, an A/D conversion end interrupt (INTAD) is generated
and A/D conversion ends. The next conversion operation is repeated, unless the ADCE bit of the

ADMO register is cleared to 0.

Table 14-3: Correspondence Between Analog Input Pins and ADCRnm Register

(A/D Trigger Select: 1 Buffer)

Analog Input A/D Conversion Result Register

ANInm ADCRnm

This mode is most appropriate for applications in which the results of each first-time A/D conver-

sion are read.

Figure 14-12: Example of 1-Buffer Mode Operation (A/D Trigger Select: 1 Buffer)

ADMn2 ANIn0 O
ANIn1 O

ADCRNO

ADCRnN1

ANIn2 O

ANIn3 Q\(%

ANInd4 O

A/D converter
(ADCn)

ADCRn2

L

ADCRn3

ADCRn4

ANIn5 O
ANIne O
ANIn7 O
ANIng8 O
ANIng O

<1> The ADCERn bit of ADMnO register is set to 1 (enable)

<2> ANIn2 is A/D converted

<3> The conversion result is stored in ADCRN2 register

<4> The INTAD interrupt is generated

Remark: n=0,1
m=01t09

ADCRn5

ADCRn6

ADCRn7

ADCRnN8

ADCRN9
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(2) 4-buffer mode (A/D trigger select: 4 buffers)

In this mode, one analog input is A/D converted four times (two times for analog input ANIn8 or
ANIn9) and the results are stored in the ADCRnm register. When the 4th A/D conversion ends, an
A/D conversion end interrupt (INTADn) is generated and the A/D conversion is stopped. The next
conversion operation is repeated, unless the ADCEn bit of the ADMnO register is cleared to 0.

Table 14-4: Correspondence Between Analog Input Pins and ADCRnm Register

(A/D Trigger Select: 4 Buffers)

Analog Input

A/D Conversion Result Register

ANIO to ANI3

ADCRnNO (1st time)

ADCRnN1 (2nd time)

ADCRN2 (3rd time)

ADCRN3 (4th time)

ANI4 to ANI7

ADCRnN4 (1st time)

ADCRnN6 (3rd time)

ADCRN7 (4th time)

ANIn8, ANIn9

ADCRN8 (1st time)

(
(
(
(
ADCRN5 (2nd time)
(
(
(
(

ADCRnN9 (2nd time)

This mode is suitable for applications in which the average of the A/D conversion results is calcu-

lated.
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Figure 14-13: Example of 4-Buffer Mode Operation (A/D Trigger Select: 4 Buffers)

<1>
<2>
<3>
<4>
<5>
<6>
<7>
<8>
<9>

Remark:

ADMn2

The ADCEn bit of ADMnO register is set to 1 (enable)

ANIno O
ANIn1 O

ADCRnO

ADCRnN1

ANIn2 O
ANIn3 O——=0O—
ANInd O (x4)

A/D converter
(ADCn)

ADCRNn2

4<>4>

ADCRn3

ADCRn4

ANIn5 O
ANIn6 O
ANIn7 O
ANIng O
ANIng O

ANIn3 is A/D converted
The conversion result is stored in ADCRnNO register
ANIn3 is A/D converted
The conversion result is stored in ADCRn1 register
ANIn3 is A/D converted
The conversion result is stored in ADCRnN2 register
ANIn3 is A/D converted
The conversion result is stored in ADCRn3 register
<10> The INTAD interrupt is generated

n=0,1
m=0to9

ADCRn5

ADCRn6

ADCRn7

ADCRn8

ADCRn9
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14.5.2 Scan mode operations

In this mode, the analog inputs specified by the ADMn2 register are selected sequentially from the
ANINO pin, and A/D conversion is executed. The A/D conversion results are stored in the ADCRnm
register corresponding to the analog input (m = 0 to 9).

When conversion of all the specified analog input ends, the A/D conversion end interrupt (INTADn) is
generated, and A/D conversion is stopped. The next conversion operation is repeated, unless the
ADCER bit of the ADMnO register is cleared to 0.

Table 14-5: Correspondence Between Analog Input Pins and ADCRnm Register

(A/D Trigger Scan)
Analog Input A/D Conversion Result Register
ANInO ADCRNO
ANInmNote ADCRnm

Note: Set by the ANISn3 to ANISNO0 bits of the ADMn2 register.

This mode is most appropriate for applications in which multiple analog inputs are constantly
monitored.
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<1>
<2>
<3>
<4>
<5>
<6>
<7>
<8>
<9>

Figure 14-14: Example of Scan Mode Operation (A/D Trigger Scan)

ADMn2 ANIn0 O ADCRnO
ANIn1 O ADCRn1
ANIn2 O ADCRn2
ANIn3 O O—M D( Xg’gr?)”er g ADCRn3
ANIng4 O / \ ADCRn4
ANIn5 O ADCRn5
ANIn6 O ADCRn6
ANIn7 O ADCRn7
ANIn8 O ADCRnN8
ANIn9 O ADCRn9

The ADCEn bit of ADMnO register is set to 1 (enable)
ANINnO is A/D converted

The conversion result is stored in ADCRnO

ANIn1 is A/D converted

The conversion result is stored in ADCRn1

ANINn2 is A/D converted

The conversion result is stored in ADCRn2

ANIn3 is A/D converted

The conversion result is stored in ADCRn3

<10> ANIn4 is A/D converted

<11> The conversion result is stored in ADCRn4
<12> ANIn5 is A/D converted

<13> The conversion result is stored in ADCRn5
<14> The INTAD interrupt is generated

Remark:

n=0,1
m=0to9
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14.6 Operation in Timer Trigger Mode

In this mode, the conversion timing of the analog input signal set by the ANIn0O to ANIn9 pins is defined
by a timer event signal (A/D converter trigger signal, or top and bottom reversal interrupt) of the inverter
timers RO and R1 (TMRO, TMR1).

The analog input conversion timing is generated when an A/D converter trigger signal from the timers
(TROADTRGO, TROADTRG1, TR1ADTRGO, TR1ADTRG1), or a top or bottom reversal interrupt
(INTTROCD, INTROOD, INTTR1CD, INTTR10D) is generated by inverter timer RO or R1 (TMRO or
TMR?1).

When the ADCEn bit of the ADMnO register is set to 1, the A/D converter waits for the signal
(TROADTRGO, TROADTRG1, TR1ADTRGO, TR1ADTRG1) or interrupt (INTTROCD, INTROOD,
INTTR1CD, INTTR10D), and starts conversion when the timer event occurs (ADCSn bit of the ADMnO
register = 1). When conversion is finished, the converter waits for a timer event signal again (ADCSn bit
=0).

If the timer event signal occurs during conversion, the conversion operation is executed from the
beginning again.

If data is written to the ADMnO to ADMn2 registers during conversion, the conversion operation is
stopped and executed from the beginning again.

14.6.1 Select mode operation

In this mode, an analog input (ANInO to ANIn9) specified by the ADMn2 register is A/D converted. The
conversion results are stored in the ADCRnm register corresponding to the analog input. In the select
mode, the 1-buffer mode and 4-buffer mode are provided according to the storing method of the A/D
conversion results.

(1) 1-buffer mode operation (timer trigger select: 1 buffer)

In this mode, one analog input is A/D converted once and the conversion results are stored in one
ADCRnm register.

One analog input is A/D converted once using the trigger of the timer event signals (TROADTRGO,
TROADTRG1, TR1ADTRGO, TR1ADTRG1, INTTROCD, INTROOD, INTTR1CD, INTTR10D) and
the results are stored in one ADCRnm register. An A/D conversion end interrupt (INTADnN) is gen-
erated for each A/D conversion.

Unless the ADCERn bit of the ADMNO register is cleared to 0, A/D conversion is repeated each time
a timer event signal is generated.
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Table 14-6: Correspondence Between Analog Input Pins and ADCRnm Register

Remark:

(1-Buffer Mode (Timer Trigger Select: 1 Buffer))

Trigger Analog Input A/D Conversion Result Register
Timer event signal | ANInO ADCRnNO
(TROADTRGO,

TROADTRGH, ANIn1 ADCRn1
TR1ADTRGO, ANIn2 ADCRN2
TR1ADTRG1, ANIn3 ADCRnN3
INTTROCD,
INTROOD, ANIn4 ADCRn4
INTTR1CD, ANIn5 ADCRn5
INTTR10D)
ANIn6 ADCRnN6
ANIn7 ADCRn7
ANIn8 ADCRnN8
ANIn9 ADCRN9

n=0,1
m=0to9

Figure 14-15: Example of 1-Buffer Mode Operation (Timer Trigger Select: 1 Buffer) (ANIn1)

<1>
<2>
<3>
<4>
<5>

Remark:

ANIno O

TROADTRGO O—— ANIn1 O
ANIn2 O
YANIN3 O

ANIn4 O
ANIn5 O
ANIn6 O
ANIn7 O
ANIn8 O
ANIn9 O

n=0,1
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A/D converter
(ADCn)

The ADCEn bit of ADMnO register is set to 1 (enable)
The TROADTRGO signal is generated
ANIn1 is A/D converted
The conversion result is stored in ADCRn1
The INTADn interrupt is generated

-

ADCRnO

ADCRn1

ADCRn2

ADCRn3

ADCRn4

ADCRn5

ADCRn6

ADCRn7

ADCRn8

ADCRNn9
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()

4-buffer mode operation (timer trigger select: 4 buffers)

In this mode, A/D conversion of one analog input is executed four times, and the results are stored
in the ADCRnm register.

One analog input is A/D converted four times using the timer event signals (TROADTRGO,
TROADTRG1, TR1ADTRGO, TR1ADTRG1, INTTROCD, INTROOD, INTTR1CD, INTTR10D) as a
trigger, and the results are stored in four ADCRnm registers. The A/D conversion end interrupt
(INTADn) is

generated when the four A/D conversions end.

After conversion has finished, the next conversion is repeated when a timer event signal is
generated, unless the ADCEn bit of the ADMnO register is cleared to 0.

This mode is suitable for applications in which the average of the A/D conversion results is
calculated.

Table 14-7: Correspondence Between Analog Input Pins and ADCRnm Register
(4-Buffer Mode (Timer Trigger Select: 4 Buffers))

Trigger Analog Input A/D Conversion Result Register
Timer event signal | ANIO to ANI3 ADCRNO (1st time)

(TROADTRGO, -
TROADTRGH, ADCRN1 (2nd time)
TR1ADTRGO, ADCRN2 (3rd time)
TR1ADTRGH, ADCRn3 (4th time)
INTTROCD,

INTROOD, ANI4 to ANI7 ADCRnN4 (1st time)
INTTR1CD, ADCRN5 (2nd time)
INTTR10D)

ADCRnN6 (3rd time)

ADCRN7 (4th time)
ANIn8, ANIn9 ADCRN8 (

ADCRN9 (2nd time)

1st time)

Remark: n=0,1
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Figure 14-16: Example of 4-Buffer Mode Operation (Timer Trigger Select: 4 Buffers) (ANIn3)

<1>
<2>
<3>
<4>
<5>
<6>
<7>
<8>
<9>
<10
<11
<12
<13
<14

Remark:

TROADTRGO C<4) ANIn0 O ADCRnO
ANIn1 O ADCRnN1
ANIn2 O ADCRN2
ANIn3 O &»Oi A/D converter ——O——~ ADCRn3
ANIn4 O ADCRn4
ANIn5 O ADCRN5
ANIn6 O ADCRN6
ANIn7 O ADCRN7
ANIn8 O ADCRN8
ANIn9 O ADCRN9

The ADCEn bit of ADMnO register is set to 1 (enable)
TheTROADTRGO signal is generated
ANIn3 is A/D converted
The conversion result is stored in ADCRO
TheTROADTRGO signal is generated
ANIn3 is A/D converted
The conversion result is stored in ADCR1
TheTROADTRGO signal is generated
ANIn3 is A/D converted
> The conversion result is stored in ADCR2
> TheTROADTRGO signal is generated
> ANIn3 is A/D converted
> The conversion result is stored in ADCR3
> The INTADn interrupt is generated

n=0,1
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Chapter 14 A/D Converter

14.6.2 Scan mode operation

In this mode, the analog inputs specified by the ADMn2 register are selected sequentially from the
ANINO pin and are A/D converted the specified number of times using the timer event signal as a
trigger.

The result of conversion is stored in the ADCRnm register corresponding to the analog input. When all
the specified analog input signals have been converted, an A/D conversion end interrupt (INTADn)
occurs.

After conversion has finished, the A/D converter waits for a trigger unless the ADCEn bit of the ADMnO
register is cleared to 0. When a timer event occurs again, the converter starts A/D conversion again,
starting from the ANInO input.

This mode is most appropriate for applications in which multiple analog inputs are constantly
monitored.

Table 14-8: Correspondence Between Analog Input Pins and ADCRnm Register
(Scan Mode (Timer Trigger Scan))

Trigger Analog Input A/D Conversion Result Register
Timer event signal ANInO ADCRNO
(TROADTRGO,
TROADTRGH, ANIn1 ADCRnN1
TR1ADTRGO, ANIn2 ADCRN2
TR1ADTRGH, ANIn3 ADCRn3

INTTROCD,

INTROOD, ANIn4 ADCRn4
INTTR1CD, ANIn5 ADCRnN5
INTTR10D)

ANIn6 ADCRnN6
ANIn7 ADCRn7
ANIn8 ADCRn8
ANIn9 ADCRN9

Remark: n=0,1
m=0to9
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Chapter 14 A/D Converter

Figure 14-17: Example of Scan Mode Operation (Timer Trigger Scan) (ANIn0 to ANIn4)

<1>
<2>
<3>
<4>
<5>
<6>
<7>
<8>
<9>

ANIn0 O
ANIn1 O

TROADTRGO () ANIn2 O
ANIn3 O A/D converter

o— G
(ADCn)
ANInd O A ~1

ANIn5 O
ANIn6 O
ANIn7 O
ANIn8 O
ANIn9 O

The ADCEn bit of ADMnO register is set to 1 (enable)
The TROADTRGO signal is generated

ANInO is A/D converted

The conversion result is stored in ADCRnO

ANIn1 is A/D converted

The conversion result is stored in ADCRn1

ANINn2 is A/D converted

The conversion result is stored in ADCRn2

ANIn3 is A/D converted

<10> The conversion result is stored in ADCRn3
<11> ANIn4 is A/D converted

<12> The conversion result is stored in ADCRn4
<13> The INTADn interrupt is generated

Remark:

n=0,1
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ADCRn2

ADCRN3

ADCRn4

ADCRn5

ADCRn6

ADCRn7

ADCRn8

ADCRn9
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14.7 Operation in External Trigger Mode

In this mode, the conversion timing of the analog signals input to the ANInO to ANIn9 pins is specified
by the ADTRGnN pin.

Detection of the valid edge at the ADTRGn input pin is specified by using the EGAn1 and EGANO bits of
the ADMn1 register.

When the ADCEn bit of the ADMnO register is set to 1, the A/D converter waits for an external trigger
(ADTRGnN), and starts conversion when the valid edge of ADTRGn is detected (ADCSn bit of the
ADMNO register = 1). When the converter has ended conversion, it waits for the external trigger again
(ADCSn bit = 0).

If the valid edge is detected at the ADTRGn pin during conversion, conversion is executed from the
beginning again.

If data is written to the ADMnO to ADMn2 registers during conversion, conversion is stopped and
executed from the beginning again.

14.7.1 Select mode operations

In this mode, one analog input (ANInO to ANIn9) specified by the ADMn2 register is A/D converted. The
conversion results are stored in the ADCRnm register corresponding to the analog input. In the select
mode, there are two select modes: 1-buffer mode and 4-buffer mode, according to the storing method
of the conversion results.

(1) 1-buffer mode (external trigger select: 1 buffer)

In this mode, one analog input is A/D converted using the ADTRGn signal as a trigger. The
conversion results are stored in one ADCRnm register. The analog input and the A/D conversion
results register correspond one to one. The A/D conversion end interrupt (INTADn) is generated
for each A/D conversion, and A/D conversion is stopped.

Table 14-9: Correspondence Between Analog Input Pins and ADCRnm Register
(External Trigger Select: 1 Buffer)

Trigger Analog Input A/D Conversion Result Register
ADTRGn signal ANInm ADCRnm

While the ADCEn bit of the ADMnO register is 1, A/D conversion is repeated every time a trigger is
input from the ADTRGn pin.

This mode is most appropriate for applications in which the results are read after each A/D conver-
sion.
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Figure 14-18: Example of 1-Buffer Mode Operation (External Trigger Select: 1 Buffer) (ANIn1)

<1>
<2>
<3>
<4>
<5>

Remark:

ANIn0 O ADCRNO
ADTRGn O— ANIn1 O ADCRn1
ANIn2 Qx / ADCRn2
ANIn3 O o— N D( Xgr(‘;’r‘:’)”er O ADCRnN3
ANIn4 O ADCRn4
ANIns O ADCRn5
ANIng O ADCRn6
ANIn7 O ADCRn7
ANIn8 O ADCRn8
ANIng O ADCRn9

The ADCEn bit of ADMnOQ is set to 1 (enable)
The external trigger is generated

ANIn1 is A/D converted

The conversion result is stored in ADCRn1
The INTADn interrupt is generated

n=0,1
m=0to9
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(2) 4-buffer mode (external trigger select: 4 buffers)

588

In this mode, one analog input is A/D converted four times using the ADTRGn signal as a trigger
and the results are stored in the ADCRnm register. The A/D conversion end interrupt (INTADn) is

generated and A/D conversion is stopped after the 4th A/D conversion.

Table 14-10: Correspondence Between Analog Input Pins and ADCRnm Register
(External Trigger Select: 4 Buffers))

Trigger

Analog Input

A/D Conversion Result Register

ADTRG signal

ANIO to ANI3

ADCRnNO (1st time)

ADCRN1 (2nd time)

ADCRN2 (3rd time)

ADCRN3 (4th time)

ANI4 to ANI7

ADCRN4 (1st time)

ADCRN5 (2nd time)

ADCRnNG6 (3rd time)

ADCRN7 (4th time)

ANIn8, ANIn9

1st time)

(
(
ADCRN8 (
ADCRN9 (2nd time)

While the ADCEn bit of the ADMnO register is 1, A/D conversion is repeated every time a trigger is
input from the ADTRGn pin.
This mode is suitable for applications in which the average of the A/D conversion results is calcu-

lated.
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Figure 14-19: Example of 4-Buffer Mode Operation (External Trigger Select: 4 Buffers) (ANIn2)

<1>
<2>
<3>
<4>
<5>
<6>
<7>
<8>
<9>

<11> The external trigger is generated

(x4)
ADTRGh O————»

ANIn0 O
ANIn1t O
(x
ANIn2 O
ANIn3 O
ANInd O
ANIn5 O
ANIne O
ANIn7 O
ANIn8 O
ANIng O

4)

ADCRnO

ADCRn1

Oi

A/D converter
(ADCn)

ADCRn2

4<>4>

ADCRn3

ADCRn4

The ADCEn bit of ADMnO register is set to 1 (enable)

The external trigger is generated

ANIn2 is A/D converted
The conversion result is stored in ADCRNO

The external trigger is generated

ANIn2 is A/D converted

The conversion result is stored in ADCRn1
The external trigger is generated

ANINn2 is A/D converted
<10> The conversion result is stored in ADCRn2

<12> ANIn2 is A/D converted
<13> The conversion result is stored in ADCRn3

<14> The INTAD interrupt is generated

Remark:

n=0,1
m=0to9

ADCRn5

ADCRn6

ADCRn7

ADCRn8
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14.7.2 Scan mode operation

In this mode, the analog inputs specified by the ADMn2 register are selected sequentially from the
ANINnO pin using the ADTRGnN signal as a trigger, and A/D converted. The A/D conversion results are
stored in the ADCRnm register corresponding to the analog input ANInm (n =0, 1)(m =0 to 9).

When conversion of all the specified analog inputs has ended, the A/D conversion end interrupt
(INTADn) is generated.n Unless the ADCE bit of the ADMnO register is cleared to 0 after end of
conversion, the A/D converter waits for a trigger. The converter starts A/D conversion from the ANInO
input when a trigger is input to the ADTRGn pin again.

Table 14-11: Correspondence Between Analog Input Pins and ADCRnm Register
(External Trigger Scan)

Trigger Analog Input A/D Conversion Result Register
ADTRGn signal ANInO ADCRNO
ANIn1 ADCRnN1
ANIn2 ADCRn2
ANIn3 ADCRN3
ANIn4 ADCRn4
ANIn5 ADCRn5
ANIn6 ADCRnN6
ANIn7 ADCRn7
ANIn8 ADCRn8
ANIn9 ADCRN9

When a trigger is input to the ADTRGn pin while the ADCER bit of the ADMnO register is 1, A/D
conversion is started again.
This is most appropriate for applications in which multiple analog inputs are constantly monitored.

Remark: n=0,1
m=0to9
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Figure 14-20: Example of Scan Mode Operation (External Trigger Scan) (ANIn0 to ANIn3)

<1>
<2>
<3>
<4>
<5>
<6>
<7>
<8>
<9>

ANIno O

ANIn1 O
ANIn2 O

ADTRGn ANIN3 O ———(O—— A/D converter [—CO——

ANIn4 O (ADCn)

ANIn5 O
ANIn6 O
ANIn7 O
ANIn8 O
ANIng O

The ADCEn bit of ADMnO register is set to 1 (enable)
The external trigger is generated

ANInO is A/D converted

The conversion result is stored in ADCRnO

ANIn1 is A/D converted

The conversion result is stored in ADCRn1

ANIn2 is A/D converted

The conversion result is stored in ADCRn2

ANIn3 is A/D converted

<10> The conversion result is stored in ADCRn3
<11> The INTADn interrupt is generated

Remark:

n=0,1
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ADCRn1

ADCRn2
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ADCRn4

ADCRn5
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14.8 Precautions

(1)

()

Stopping conversion operation

When the ADCER bit of the ADMnO register is cleared to 0 during a conversion operation, the
conversion operation stops and the conversion results are not stored in the ADCRnm register
(n=0,1),(m=0t09).

External/timer trigger interval

Set the interval (input time interval) of the trigger in the external or timer trigger mode longer than
the conversion time specified by the FRn3 to FRnO bits of the ADMn1 register.

When 0 < interval <conversion operation time

©)

4)

®)

592

When the following external trigger or timer trigger is input during a conversion operation, the
conversion operation is aborted and the conversion starts according to the last external trigger
input or timer trigger input.

When conversion operations are aborted, the conversion results are not stored in the ADCRnm
register (n =0, 1) (m = 0 to 9). However, the number of times the trigger has been input is counted.
When an interrupt occurs, the values that have been converted are stored in the ADCRnm
register.

Operation in HALT mode

A/D conversion continues in the HALT mode. When this mode is released by NMI input or
unmasked maskable interrupt input (see section 8.3.2 (2) "Releasing HALT mode” on
page 246), the ADMn0, ADMn1, and ADMn2 registers as well as the ADCRnm register hold the
value (n=0,1) (m=0109).

Input range of ANInO to ANIn9
Use the input voltage at ANInO to ANIn9 within the specified range. If a voltage outside the range
of AVRgg is input to any of these pins (even within the absolute maximum rating range), the

converted value of the channel is undefined. In addition, the converted value of the other channels
may also be affected.

Conflicts

(a) Conflict between writing A/D conversion result registers (ADCRnm, ADCRnmH) at end
of conversion and reading ADCRnm and ADCRnmH registers by instruction

Reading the ADCRnm and ADCRnmH registers takes precedence. After these registers have
been read, the new conversion result is written to the ADCRnm and ADCRnmH registers.

(b) Conflict between writing ADCRnm and ADCRnmH at end of conversion and input of
external trigger signal

The external trigger signal is not accepted during A/D conversion. Therefore, it is not accepted
while ADCRnm and ADCRnmH are being written.

(c) Conflict between writing ADCRnm and ADCRnmH at end of conversion and writing
ADMnN1 or ADMn2 register

If ADMn1 or ADMn2 register is written immediately after ADCRnm and ADCRnmH have been
written on completion of A/D conversion, the conversion result is written to the ADCRnm and
ADCRnmH registers, but the A/D conversion end interrupt (INTADn) may not occur depending on
the timing.
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15.1 Features

e Transfer speed: 16 bps to 2000 kbps

¢ Full-duplex communication: Internal UARTC receive data register n (UCnRX)
Internal UARTC transmit data register n (UCnTX)

e 2-pin configuration: TXDCn: Transmit data output pin
RXDCn: Receive data input pin

* Receive error output function
- Parity error
- Framing error
- Overrun error
¢ Interrupt sources: 3
- Receive error interrupt (INTUCNRE)
- Reception complete interrupt (INTUCNR)
- Transmission enable interrupt (INTUCNT)
e Character length: 7, 8 bits
e Parity function: Odd, even, 0, none
¢ Transmission stop bit: 1, 2 bits
¢ On-chip dedicated baud rate generator
e MSB/LSB-first transfer selectable

e Transmit/receive data level inversion possible

e 13 to 20 bits selectable for the SBF (Sync Break Field) in the LIN (Local Interconnect Network)
communication format

¢ Recognition of 11 bits or more possible for SBF reception in LIN communication format
e SBF reception flag provided
e Extension bit operation possible (uses parity bit as 9th data bit)

¢ Transfer and reception status flags

Remark: n=0,1
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15.2 Configuration

(1)

()

©)

(4)

®)

(6)

)

®)

(9

(10

594

UARTCn control register 0 (UCnhCTLO)

The UCnCTLO register is an 8-bit register used to specify the asynchronous serial interface
operation.

UARTCn control register 1 (UCnCTL1)

The UCnCTL1 register is an 8-bit register used to select the input clock for the asynchronous
serial interface.

UARTCn control register 2 (UCnhCTL2)

The UCnCTL2 register is an 8-bit register used to control the baud rate for the asynchronous serial
interface.

UARTCn option control register 0 (UCnOPTO0)

The UCnOPTO register is an 8-bit register used to control serial transfer for the asynchronous
serial interface.

UARTCn option control register 1 (UChOPT1)
The UCnOPT1 register is an 8-bit register used to control the extension bit operation.

UARTCn status register (UCnSTR)
The UCnSTR register consists of flags indicating the error contents when a reception error occurs.

Each one of the reception error flags is set (to 1) upon occurrence of a reception error and is reset
(to 0) by reading the UCnSTR register.

UARTCn status register 1 (UChSTR1)
The UCnSTRH1 register indicates the operating status during a reception.

UARTCn receive shift register

This is a shift register used to convert the serial data input to the RXDCn pin into parallel data.
Upon reception of 1 byte of data and detection of the stop bit, the receive data is transferred to the
UCnRX register.

This register cannot be manipulated directly.

UARTCn receive data register (UChRX)

The UCnRX register is an 8-bit register that holds receive data. When 7 characters are received, 0
is stored in the highest bit (when LSB first received).

In the reception enabled status, receive data is transferred from the UARTCn receive shift register
to the UCnRX register in synchronization with the completion of shift-in processing of 1 frame.
Transfer to the UCnRX register also causes reception complete interrupt (INTUCRNR) to be output.

UARTCn transmit shift register

The transmit shift register is a shift register used to convert the parallel data transferred from the
UCNTX register into serial data.

When 1 byte of data is transferred from the UCnTX register, the shift register data is output from
the TXDCn pin.

This register cannot be manipulated directly.
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(11) UARTCn transmit data register (UChTX)

The UCnTX register is an 8-bit transmit data buffer. Transmission starts when transmit data is
written to the UCnTX register. When data can be written to the UCnTX register (when data of one

frame is transferred from the UCnTX register to the UARTCn transmit shift register), the
transmission enable interrupt (INUCNT) is generated.

Figure 15-1: Block Diagram of Asynchronous Serial Interface n
S Internal bus S
2\
INTUCNT
INTUCNnR
INTUCnRE {}
; ; Transmission
Reception unit
UCnRX Pl unit ucCnTX
Beceiye Reception Transmission Transmit
shift register controller controller shift register
Filter Baud rate Baud rate Selector © TXDCn
fyx/2 —] generator generator
fxx/4 — t
fXX/B ] Select © RXDCn
fl16 ] elector
fxx/32 — -
fxx/64 — S %
fxx/128 — 5 <
fxx/256 — @
fxx/512 —
fxx/1024 —
fxx/2048 — UCnCTLA1 UCNCTLO UCnSTR UCnOTPO
fxx/8192 — UCnCTL2 UCnSTR1 UCnOTP1
S Internal bus
Remarks: 1. n=0, 1

2.

fxx: Internal system clock

User’s Manual U16580EE2V0OUDOO

595



Chapter 15 Asynchronous Serial Interface C (UARTC)

15.3 Control Registers

(1) UARTCnh control register 0 (UCnhCTLO)

The UCnCTLO register is an 8-bit register that controls the UARTCn serial transfer operation.
This register can be read or written in 8-bit or 1-bit units.
Reset input sets this register to 10H.

Caution: Be sure to set the UCnPWR bit = 1 and the UChRXE bit = 1 while the RXDCn pin is
high level (when UCnRDL bit of UChOPO register = 0).
If the UCnPWR bit = 1 and the UCnRXE bit = 1 are set while the RXDCn pin is low
level, reception will inadvertently start.

Figure 15-2: UARTCn Control Register 0 (UCnCTLO) (1/2)

After reset: 10H R/W Address: UCOCTLO FFFFFAOOH,
UC1CTLO FFFFFA20H
7 6 5 4 3 2 1 0

UCnCTLO |UCnPWR UCNnTXE | UCnRXE | UCnDIR | UCnPS1 | UCnPSO | UCnCL | UCNnSL
(n=0,1)

UCnPWR UARTCn Operation Control
0 Stops clock operation (UARTCn reset asynchronously)
1 Enables operating clock operation

Operating clock control and UARTCn asynchronous reset are performed with the
UCnPWR bit. The TXDCn pin output is fixed to high level by setting the UCnPWR bit to 0.

UCNnTXE Transmission Operation Enable
0 Stops transmission operation
1 Enables transmission operation

e The TXDCn pin output is fixed to high level by setting the UCnPWR bit to 0. Since the
UCNTXE bit is initialized by the operating clock, to initialize the transmission unit, set
UCNnTXE from 0 to 1, and 2 clocks later, the transmission enabled status is entered.

e When UCnPWR bit = 0, the value written to the UCnTXE bit is ignored.

UCnRXE Reception Operation Enable
0 Stops reception operation
1 Enables reception operation

¢ The receive operation is stopped by setting the UCnRXE bit to 0. Therefore, even if the
prescribed data is transferred, no reception completion interrupt is output and the
UARTCn reception data register (UCnRX) is not updated. Since the UCnRXE bit is
synchronized using the operating clock, to initialize the reception unit, set UCnRXE
from 0 to 1, and 2 clocks later, the reception enabled status is entered.

e When UCnPWR bit = 0, the value written to the UCnRXE bit is ignored.
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Figure 15-2: UARTCn Control Register 0 (UCnCTLO) (2/2)

UCnDIR Transfer Direction Selection
0 MSB-first transfer
1 LSB-first transfer

This bit can be rewritten only when UCnPWR bit = 0 or UCnTXE bit = UCnRXE bit = 0.

UCnPS1 | UCnPSO Parity Selection
During Transmission During Reception
0 No parity output Reception with no parity
1 0 parity output Reception with 0 parity
1 0 Odd parity output Odd parity check
1 1 Even parity output Even parity check
e These bits can be rewritten only when UCnPWR bit = 0 or UCnTXE bit = UCnRXE bit
=0.

* |f “Reception with O parity” is selected during reception, a parity check is not performed.
Therefore, since the UCnPE bit of the UCnSTAO register is not set, no error interrupt is
output.

¢ When transmission and reception are performed in the LIN format, set the UCnPS1 and
UCNnPSO bits to 00B.

uUCnCL Data Character Length Specification
0 7 bits
1 8 bits

This bit can be rewritten only when UCnPWR bit = 0 or UCnTXE bit = UCnRXE bit = 0.

UCnSL Stop Bit Length Specification
0 1 bit
1 2 bits

This bit can be rewritten only when UCnPWR bit = 0 or UCnTXE bit = UCnRXE bit = 0.

Remark: For details of parity, see 15.5.9 ”Parity types and operations” on page 621.
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(2) UARTCNnh control register 1 (UCnhCTL1)

The UCnCTL1 register is an 8-bit register that selects the UARTCn base clock (fxc x)-

This register can be read or written in 8-bit units.
Reset input clears this register to O0H.

Figure 15-3: UARTCn Control Register 1 (UCnCTL1)

After reset: OOH R/W Address: UCOCTL1 FFFFFAO1H,
UC1CTL1 FFFFFA21H
4 3 2 1 0
ucnCTL1 [ o0 0 0 0  |UCnCKS3|UCNCKS2|UCNCKS1|UCNCKSO
(n=0,1)
UCNnCKS3|UCnCKS2|UCnCKS1|UCNnCKS0 Base clock (fyc k) selection
0 0 0 0 fyx/2
0 0 0 1 fyx/4
0 0 1 0 fyx/8
0 0 1 1 fyx/16
0 1 0 0 fyx/32
0 1 0 1 fyx/64
0 1 1 0 fyx/128
0 1 1 1 fyx/256
1 - 0 0 fyx/512
1 . 0 1 fyx/1024
1 - 1 0 fyx/2048
1 . 1 1 fyx/8192

Remark: fyy: Internal system clock
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(8) UARTCNn control register 2 (UChCTL2)

The UCnCTL2 register is an 8-bit register that specifies the divisor to control the baud rate (serial

transfer speed) clock of UARTCn.
This register can be read or written in 8-bit units.
Reset input sets this register to FFH.

Figure 15-4: UARTCn Control Register 2 (UCnCTL2)

After reset: FFH R/W Address: UCOCTL2 FFFFFAO2H,
UC1CTL2 FFFFFA22H
7 6 5 4 3 1 0
UCnCTL2 | UCnBRS7 | UCnBRS6 | UCnBRS5 | UCnBRS4 | UCnBRS3 | UCnBRS2 | UCnBRS1 | UCnBRSO
(n=0,1)
UCn | UCn | UCn | UCn | UCn | UCn | UCn | UCn |Default Serial clock
BRS7 | BRS6 | BRS5 | BRS4 | BRS3 | BRS2 | BRS1 | BRSO | (k)
0 0 0 0 0 0 - - - Setting prohibited
0 0 0 0 0 1 0 0 4 |fxck/4
0 0 0 0 0 1 0 1 5 |fxcLk/®
0 0 0 0 0 1 1 0 6 |fxcLk/6
1 1 1 1 1 1 0 0 252 | fycLk/252
1 1 1 1 1 1 0 1 253 | fxcLk/253
1 1 1 1 1 1 1 0 254 | fycLk/254
1 1 1 1 1 1 1 1 255 | fxcLk/255

Remark: fyc k: Clock frequency selected by the UCNCKS3 to UCNCKSO bits of the UCnCTLA1

register
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(4) UARTCnh option control register 0 (UChOPTO)
The UCnOPTO register is an 8-bit register that controls the serial transfer operation of the

UARTCn register.
This register can be read or written in 8-bit or 1-bit units.
Reset input sets this register to 14H.

Figure 15-5: UARTCn Option Control Register 0 (UCnOPTO) (1/2)

After reset: 14H R/W Address: UCOOPTO FFFFFAO3H,
UC10PTO FFFFFA23H
7 6 5 4 3 2 1 0

UCnOPTO |UCnSRF UCnSRT | UCnSTT |UCnSLS2 | UCNnSLS1|UCNnSLS0| UCNnTDL | UCnRDL
(n=0,1)

UCnSRF SBF Reception Flag

0 When UCnPWR of UCnCTLO register = 0 and UCnRXE of UCnCTLO
register = 0 are set. Also upon normal end of SBF reception.

1 During SBF reception

e SBF (Sync Brake Field) reception is judged during LIN communication.
e The UCnSRF bit is held high when a SBF reception error occurs, and then SBF
reception is started again.

UCnSRT SBF Reception Trigger
0 —
1 SBF reception trigger

e This is the SBF reception trigger bit during LIN communication, and when read, “0” is
always read. For SBF reception, set the UCnSRT bit (to 1) to enable reception.

* Set the UCNnSRT bit after setting the UCnPWR bit of the UCnCTLO register to 1 and
the UCnRXE bit of the UCNCTLO register to 1.

UCnSTT SBF Transmission Trigger

0 —_
1 SBF transmission trigger
e This is the SBF transmission trigger bit during LIN communication, and when read, “0”
is always read.

e Set the UCnSRT bit after setting the UCnPWR bit of the UCnCTLO register to 1 and
the UCnRXE bit of the UCnCTLO register to 1.
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Figure 15-5: UARTCn Option Control Register 0 (UChOPTO) (2/2)

UCnSLS2 | UCnSLS1|UCNnSLSO SBF Length Selection
1 0 1 13-bit output (reset value)
1 0 0 14-bit output
1 1 1 15-bit output
0 1 0 16-bit output
0 0 1 17-bit output
0 0 0 18-bit output
0 1 1 19-bit output
1 1 0 20-bit output

This register can be set when the UCnPWR bit of the UCnCTLO register is 0 or when the
UCnRXE bit of the UCnCTLO register is 0.

uCnTDL

Transmit Data Level

0

Normal output of transfer data

1

Inverted output of transfer data

* The value of the TXDCn pin can be inverted using the UCnTDL bit.

e This bit can be set when the UCnPWR bit of the UCnCTLO register is 0 or when the
UCNTXE bit of the UCnCTLO register is 0.

UCnRDL

Receive Data Level

0

Normal input of transfer data

1

Inverted input of transfer data

e The value of the RXDCn pin can be inverted using the UCnRDL bit.

e This bit can be set when the UCnPWR bit of the UCnCTLO register is 0 or the
UCnRXE bit of the UCnCTLO register is 0.
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(5) UARTCnh option control register 1 (UChOPT1)
The UCnOPT1 register is an 8-bit register that controls the extension bit operation of the UARTCn.
The register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

Figure 15-6: UARTCn Option Control Register 1 (UCnOPT1)

After reset: 00H R/W Address: UCOOPT1 FFFFFAOAH,
UC10PT1 FFFFFA2AH
4 3 2 1 0
UCnOPTH1 | 0 0 0 0 0 0 0 UCnEBE
(n=0,1)
UCnEBE Extension Bit Operation Enable

0 Extension bit operation disabled. Transfer data length set by UCnCL bit of the
UCNnCTLO register.

1 Extension bit operation enabled.
¢ During extension bit operation a 9-th data bit is sent or received instead of the parity
bit.

e Extension bit operation is only effective when the parity selection is set to no parity
(UCnPS1, UCNnPSO bits = 00B), and the character length is set to 8 bits (UCnCL bit =
1). In all other cases the setting of UCnEBE bit is ignored.
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Table 15-1: Relation between UARTCn Register Settings and Data Format
Register Bit Settings Data Format
UCnEBE | UCnPS1 | UCnPSO | UCnCL | UCnSL | DO - D6 D7 D8 D9 D10
0 0 0 0 0 Data Stop
0 1 Data Stop Stop
1 0 Data Data Stop
1 1 Data Data Stop Stop
other than 00B 0 0 Data Parity Stop
0 1 Data Parity Stop Stop
1 0 Data Data Parity Stop
1 1 Data Data Parity Stop Stop
1 0 0 0 0 Data Stop
0 1 Data Stop Stop
1 0 Data Data |DataN°t®| Stop
1 1 Data Data |DataNot® | Stop Stop
other than 00B 0 0 Data Parity Stop
0 1 Data Parity Stop Stop
1 0 Data Data Parity Stop
1 1 Data Data Parity Stop Stop

Note: Insertion of extension bit
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(6) UARTCNnh status register (UCnSTR)

The UCnSTR register is an 8-bit register that displays the UARTCn transfer status and reception
error contents.

This register can be read or written in 8-bit or 1-bit units, but the UCnTSF bit is a read-only bit,
while the UCnPE, UCnFE, and UCnQOVE bits can both be read and written. However, these bits
can only be cleared by writing 0 and they cannot be set by writing 1. (If 1 is written to them, the
hold status is entered.)

The initialization conditions are shown below.

Register/Bit Initialization Conditions
UCNnSTR register Reset input
UCnPWR bit of UCnCTLO register =0
UCNTSF bit UCNTXE bit of UCNCTLO register = 0
UCnPE, UCnFE, UCnOVE bits 0 write
UCNnRXE bit of UCNCTLO register =0

Figure 15-7: UARTCnh Status Register (UCnSTR) (1/2)

After reset: O0OH R/W Address: UCOSTR FFFFFA04H,
UC1STR FFFFFA24H
7 6 5 4 3 2 1 0
UCnSTR [ UCnTSF 0 0 0 0 UCnPE | UCnFE | UCnOVE
(n=0,1)
UCnTSF Transfer Status Flag

0 e When UCnPWR bit of UCNCTLO register = 0 or UCnTXE bit of UCnCTLO
register = 0 has been set.

¢ When, following transfer completion, there was no next data transfer from
UCnTX
1 Write to UCNnTXB bit

The UCNTSF bit is always 1 when performing continuous transmission. When initializing
the transmission unit, check that the UCnTSF bit = 0 before performing initialization. The
transmit data is not guaranteed when initialization is performed while UCnTSF bit = 1.

UCnPE Parity Error Flag

0 e When UCnPWR bit of UCNCTLO register = 0 or UCnRXE bit of UCnCTLO
register = 0 has been set.

e When 0 has been written

1 e When parity of data and parity bit do not match during reception.

¢ The operation of the UCnPE bit is controlled by the settings of the UCnPS1 and
UCnPSO bits of the UCNCTLO register.

e The UCnPE bit can be read and written, but it can only be cleared by writing 0 to it,

and it cannot be set by writing 1 to it. When 1 is written to this bit, the hold status is
entered.
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Figure 15-7: UARTCn Status Register (UCnSTR) (2/2)

UCnFE

Framing Error Flag

e When UCnPWR bit of UCnCTLO register = 0 or UCnRXE bit of UCnCTLO
register = 0 has been set

e When 0 has been written

1

When no stop bit is detected during reception

Only the first bit of the receive data stop bits is checked, regardless of the value of the

UCnSL bit of the UCnCTLO register.

The UCNFE bit can be both read and written, but it can only be cleared by writing 0 to

it, and it cannot be set by writing 1 to it. When 1 is written to this bit, the hold status is

entered.
UCnOVE Overrun Error Flag
0 ¢ When UCnPWR bit of UCNCTLO register = 0 or UCnRXE bit of UChCTLO

register = 0 has been set.
¢ When 0 has been written

When receive data has been set to the UCnRXB register and the next receive
operation is completed before that receive data has been read

When an overrun error occurs, the data is discarded without the next receive data

being written to the receive buffer.

The UCnOVE bit can be both read and written, but it can only be cleared by writing 0

to it. When 1 is written to this bit, the hold status is entered.
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(7) UARTCn status register 1 (UChSTR1)
The UCnSTR1 register is an 8-bit register that displays the UARTCn reception status.
The register is read only, and be read in 8-bit or 1-bit units.
Reset input clears this register to 00H.

Figure 15-8: UARTCn Status Register 1 (UCnSTR1)

After reset: 00H R Address: UCOSTR1 FFFFFAOBH,
UC1STR1 FFFFFA2BH
4 3 2 1 0
UCnSTRT | 0 0 0 0 0 UCnRSF
(n=0,1)
UCnRSF Receive Status Flag

0 e When UCnPWR bit of UCNCTLO register = 0 or UCnRXE bit of UCnCTLO
register = 0 has been set.
¢ When the stop bit has been detected.

1 During reception, when the start bit has been detected.

The UCnRSF flag is set (1) by the start bit detection, and it is cleared (0) by detection of
the first stop bit condition. In case of a two stop bit setting (UCnSL bit of UCnCTLO register
= 1), the UCnRSF flag is cleared during the first stop bit timing, simultaneously with the

reception complete interrupt timing (INTUCNR)
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(8) UARTCNn receive data register (UChRX, UChRXL)

The UCnRX register is a 16-bit buffer register that stores parallel data converted by receive shift
register. It is overlayed by an 8-bit register UCnRXL on the lower 8 bits, which stores the lower
byte of the received data.

The data stored in the receive shift register is transferred to the UCnRX register upon completion
of reception of one data frame.

When extension bit operation is enabled (UChEBE bit of UCnNOPT1 register = 1) the 9th data bit is
received in bit 8 of the UCnRX register. When the extension bit operation is disabled (UCnEBE

bit = 0) the data bits are received in the lower byte of the UCnRX register. The lower byte can be
read also by 8-bit access of the UCnRXL register.

During LSB-first reception when the data length has been specified as 7 bits and th extension bit
operation is disabled, the receive data is transferred to bits 6 to 0 of the UXnRXL register and the
MSB always becomes 0. During MSB-first reception, the receive data is transferred to bits 7 to 1 of
the UCnRXL register and the LSB always becomes 0.

When an overrun error (UCNOVE bit = 1) occurs, the receive data at this time is not transferred to
the UCnRX and UXnRXL register respectively.

The UCnRX register is read-only, in 16-bit units.

The UCnRXL register is read-only, in 8-bit units.

In addition to reset input, the UCnRX register can be set to 1FFH, and the UCnRXL register can
be set to FFH respectively, by clearing the UCnPWR bit of the UCnCTLO register to 0.

Figure 15-9: UARTCn Receive Data Register (UCnRX, UCnhRXL)

After reset: 1FFH R Address: UCORX FFFFFAO6H,
UC1RX FFFFFA26H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
uerRx Jojofojojofojof [ | [ | | [ | | |
(n=0,1) ' :

UCnRXL
After reset: FFH R Address: UCORXL FFFFFAO6H,
UC1RXL FFFFFA26H
7 6 5 4 3 2 1 0

UCnRXL |
(n=0,1)

User’s Manual U16580EE2V0OUDOO 607



Chapter 15 Asynchronous Serial Interface C (UARTC)

(9) UARTCnh transmit data register (UCnTX, UChTXL)
The UCNnTX register is a 16-bit buffer register used to set transmit data. It is overlayed by an 8-bit
register UCnTXL on the lower 8 bits. The UCnTXL register is used for setting the transmit data
when 7-bit or 8-bit data character length is specified (UCnEBE bit = 0).
The UCNnTX register can be read or written in 16-bit units.
The UCNnTXL register can be read or written in 8-bit units.
Reset input sets the UCnTX register to 1FFH, and the UCnTXL register to FFH.

Figure 15-10: UARTCn Transmit Data Register (UCnTX, UCnTXL)

After reset: 1FFH R/W Address: UCOTX FFFFFAO8H,
UC1TX FFFFFA28H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
uenx [ofoJoJofJoJojJof | | [ [ | [ | [ |

(n=0,1) |
UCnTXL
After reset: FFH R/W Address: UCOTXL FFFFFAO8H,
UC1TXL FFFFFA28H
7 6 5 4 3 2 1 0
ucnTxL |
(n=0,1)
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15.4 Interrupt Requests

The following three interrupt requests are generated from UARTCn.

¢ Receive error interrupt (INTUCNRE)
¢ Reception complete interrupt (INTUCNR)
e Transmission enable interrupt (INTUCNT)

The default priority for these three interrupt requests is highest for the receive error interrupt, followed

by the reception complete interrupt, and the transmission enable interrupt.

Table 15-2: Default Priorities of UARTCn Interrupts

Interrupt Priority
Receive error (INTUCNRE) High
Reception complete (INTUCNhR) l
Transmission enable (INTUCNT) Low

(1) Receive error interrupt (INTUCNRE)

A receive error interrupt is generated when one or more of the three types of receive errors (parity
error, framing error, or overrun error) occur. (refer to 15.3 (6) UARTCn status register (UChSTR))

(2) Reception complete interrupt (INTUCNR)

A reception complete interrupt is output when data is shifted into the UARTCn receive shift
register and transferred to the UCnRX register in the reception enabled status.

A reception complete interrupt will not be generated when a reception error has occurred.
No reception complete interrupt is generated in the reception disabled status.

(3) Transmission enable interrupt (INTUCNT)

A transmission enable interrupt is generated when transmit data is transferred from the UCnTX

register to the UARTCn transmit shift register in the transmission enabled status.
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15.5 Operation

15.5.1 Data format

Full-duplex serial data reception and transmission is performed.

As shown in Figure 15-11, one data frame of transmit/receive data consists of a start bit, character bits,
parity bit, and stop bit(s).

Specification of the character bit length within 1 data frame, parity selection, specification of the stop bit
length, and specification of MSB/LSB-first transfer are performed using the UCnCTLO register. UARTCn
features additionally the extension bit operation for a ninth transfer data bit, which can be specified in
the UCnOPT1 register.

Moreover, control of UART output/inverted output for the TXDCn bit is performed using the UCnTDL bit
of the UCnOPTO register.

e Start bit 1 bit
e Character bits 7 bits/8 bits/9 bits
e Parity bit Even parity/odd parity/0 parity/no parityNote

e Stop bit 1 bit/2 bits

Note: Extension bit operation presumes no parity setting.

Figure 15-11: UARTC Transmit/Receive Data Format (1/2)
(a) 8-bit data length, LSB first, even parity, 1 stop bit, transfer data: 55H

} 1 data frame }

Start Parity| Stop
bit | DO | D1 | D2 | D3 [ D4 | D5 [ D6 | D7 bit bit

(b) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H

} 1 data frame }

Start Parity| Stop
bit D7 D6 D5 D4 D3 D2 D1 DO bit bit

(c) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H, TXDCn inversion

} 1 data frame }

Start Parity| Stop
pit | D7 | D6 | D5 | D4 [ D3 | D2 | Dt DO bit bit
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Figure 15-11:

(d) 7-bit data length, LSB first, odd parity, 2 stop bits, transfer data: 36H

UARTC Transmit/Receive Data Format (2/2)

1 data frame

Start
bit

DO

D1

D2

D3

D4

D5

D6

Parity
bit

Stop
bit

Stop
bit

(e) 8-bit data length, LSB first, no parity, 1 stop bit, transfer data: 87H

1 data frame

Start
bit

DO

D1

D2

D3

D4

D5

D6

D7

Stop
bit

(f) 9-bit data length, LSB first, no parity, 1 stop bit, transfer data: 155H

1 data frame

Start
bit

DO

D1

D2

D3

D4

D5

D6

D7

D8

Stop
bit
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15.5.2 SBF transmission/reception format

The UARTC has a SBF (Sync Break Field) transmission/reception control function to enable use of the
LIN (Local Interconnect Network) function.

Figure 15-12: LIN Transmission Manipulation Outline

Wake-up Synch Check
signal break Synch Ident DATA DATA SUMm
frame field field field field field field

. . . . | | | |

Sleep
bus

Note 3 Note 2 55H Data Data Data Data
8 bits Note 1 13 bits transmission transmission  transmission transmission transmission

T T
n

TXDCn (output)

SBF transmissionNote 4

-

INTUCNR
interrupt
Notes: 1. The interval between each field is controlled by software.

2. SBF output is performed by hardware. The output width is the bit length set by bits
UCnSBL2 to UCnSBLO of the UCnOPTO register. If even finer output width adjustments are
required, such adjustments can be performed using bits UCnBRS7 to UCnBRSO0 of the
UCNCTLn register.
80H transfer in the 8-bit mode is substituted for the wake-up signal frame.

A transmission enable interrupt (INTUCNT) is output at the start of each transmission. The
INTUCNT signal is also output at the start of each SBF transmission.
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Sleep
bus

Figure 15-13: LIN Reception Manipulation Outline

Wake-up Synch Check
signal break Synch Ident DATA DATA SUM
frame field field field field field field
» - » - | | [ [ |
Note 2 Data Data Note 5
13 bits SF reception ID reception  transmission transmission Data transmission

|
I
TXDCn (output) Disable Enable SBF.
reception

Note 1
Edge detection

Notes: 1.

< Note 3
Reception interrupt (INTUCNR) ~ ' ” ” ” ” |-|—

Note 4

\
Capture timer Disable X Enable

The wakeup signal is sent by the pin edge detector, UARTC is enabled, and the SBF
reception mode is set.

The receive operation is performed until detection of the stop bit. Upon detection of SBF
reception of 11 or more bits, normal SBF reception end is judged, and an interrupt signal is
output. Upon detection of SBF reception of less than 11 bits, a SBF reception error is
judged, no interrupt signal is output, and the mode returns to the SBF reception mode.

If SBF reception ends normally, an interrupt signal is output. The timer is enabled by a SBF
reception complete interrupt. Moreover, error detection for the UCnOVE, UCnPE, and
UCNFE bits of the UCnSTR register is suppressed and UART communication error
detection processing and UARTCn receive shift register and data transfer of the UCnRX
register are not performed. The UARTCn receive shift register holds the initial value, FFH.

The RXDCn pin is connected to Tl (capture input) of the timer, the transfer rate is
calculated, and the baud rate error is calculated. The value of the UCnCTL2 register
obtained by compensating the baud rate error after dropping UARTC enable is set again,
causing the status to become the reception status.

Check-sum field distinctions are made by software. The UARTC is initialized following CSF
reception, and the processing for setting the SBF reception mode again is performed by
software.
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15.5.3 SBF transmit operation

When the UCnPWR bit = the UCnTXE bit of the UCnCTLO register = 1, the transmission enabled status
is entered, and SBF transmission is started by setting (to 1) the SBF transmission trigger (UCnSTT bit
of UCnOPTO register).

Thereafter, a low-level width of bits 13 to 20 specified by the UCnhSLS2 to UCnSLSO bits of the
UCnOPTO register is output. A transmission enable interrupt (INTUCNT) is generated upon SBF
transmission start. Following the end of SBF transmission, the UCnSTT bit is automatically cleared.
Thereafter, the UART transmission mode is restored.

Transmission is suspended until the data to be transmitted next is written to the UCnTX register, or until
the