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Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you
or third parties arising from the use of these circuits, software, or information.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas 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 Renesas Electronics products or technical information described in this document. No
license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of
Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“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 etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation
of microcomputer software alone is very difficult, please evaluate the safety of the final products or systems manufactured by
you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility
of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose
manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document
or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




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 ViH (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
Vit (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.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/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.




Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for users who wish to understand the functions of the
V850ES/JG3-L and design application systems using these products.

This manual is intended to give users an understanding of the hardware functions of the
VB850ES/JG3-L shown in the Organization below.

This manual is divided into two parts: Hardware (this manual) and Architecture (V850ES
Architecture User’s Manual).

Hardware Architecture
¢ Pin functions e Data types
¢ CPU function ¢ Register set
e On-chip peripheral functions e Instruction format and instruction set
e Flash memory programming o Interrupts and exceptions
e Electrical specifications ¢ Pipeline operation

It is assumed that the readers of this manual have general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

To understand the overall functions of the VB50ES/JG3-L
— Read this manual according to the CONTENTS.

To find the details of a register where the name is known
—Use APPENDIX C REGISTER INDEX.

Register format
— The name of the bit whose number is in angle brackets (<>) in the figure of the register
format of each register is defined as a reserved word in the device file.

To understand the details of an instruction function
— Refer to the VB50ES Architecture User’s Manual available separately.

To know the electrical specifications of the VB50ES/JGS3-L

— See CHAPTER 32 ELECTRICAL SPECIFICATIONS
( x PD70F3737, 70F3738).

— See CHAPTER 33 ELECTRICAL SPECIFICATIONS
( x PD70F3792, 70F3793).

— See CHAPTER 34 ELECTRICAL SPECIFICATIONS
( « PD70F3841, 70F3842).

The “yyy bit of the xxx register” is described as the “xxx.yyy bit” in this manual. Note with
caution that if “xxx.yyy” is described as is in a program, however, the compiler/assembler
cannot recognize it correctly.



The mark <R> shows major revised points. The revised points can be easily searched
by copying an “<R>” in the PDF file and specifying it in the “Find what: ” field.

Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representation: XXX (overscore over pin or signal name)
Memory map address: Higher addresses on the top and lower addresses on the
bottom
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numeric representation: Binary ... xxxx or xxxxB

Decimal ... xxxx
Hexadecimal ... xxxxH
Prefix indicating power of 2 (address space, memory capacity):
K (kilo): 2'° = 1,024
M (mega): 2° = 1,024°
G (giga): 2*° = 1,024’



Related Documents

The related documents indicated in this publication may include
However, preliminary versions are not marked as such.

Documents related to V850ES/JG3-L

preliminary versions.

Document Name

Document No.

V850ES Architecture User's Manual

U15943E

V850ES/JG3-L (on-chip USB controller) Hardware User’'s Manual

U18953E

Documents related to development tools

Document Name Document No.
QB-V850ESJX3L In-Circuit Emulator To be prepared
QB-V850MINI, QB-V850MINIL On-Chip Debug Emulator U17638E
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E
CA850 Ver. 3.20 C Compiler Package Operation U18512E
C Language U18513E
Assembly Language U18514E
Link Directives U18415E
PM+ Ver. 6.30 Project Manager U18416E
ID850QB Ver. 3.40 Integrated Debugger Operation U18604E
SM850 Ver. 2.50 System Simulator Operation U16218E
SMB850 Ver. 2.00 or Later System Simulator External Part User Open | U14873E
Interface Specification
SM+ System Simulator Operation U18601E
User Open Interface U18212E
RX850 Ver. 3.20 Real-Time OS Basics U13430E
Installation U17419E
Technical U13431E
Task Debugger U17420E
RX850 Pro Ver. 3.21 Real-Time OS Basics U18165E
Installation U17421E
Task Debugger U17422E
AZ850 Ver. 3.30 System Performance Analyzer U17423E
PG-FP5 Flash Memory Programmer U18865E




Other Documents

Document Name Document No.
RENESAS MICROCOMPUTER GENERAL CATALOG R01CS0001E
Semiconductor Package Mount Manual Note
Quality Grades on Renesas Semiconductor Devices C11531E
Renesas Semiconductor Device Reliability/Quality Control C10983E
System
Guide to Prevent Damage for Semiconductor Devices by C11892E
Electrostatic Discharge (ESD)

Note See the “Semiconductor Package Mount Manual” website
(http://www.renesas.com/products/package/manual/index.jsp).

Caution The related documents listed above are subject to change without notice.
Be sure to use the latest version of each document when designing.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

IECUBE is a registered trademark of Renesas Electronics Corporation in Japan and Germany.

MINICUBE is a registered trademark of Renesas Electronics Corporation in Japan and Germany or a trademark in
the United States of America.

EEPROM is a trademark of Renesas Electronics Corporation

Applilet is a registered trademark of Renesas Electronics in Japan, Germany, Hong Kong, China, the Republic of
Korea, the United Kingdom, and the United States of America.

Windows and Windows NT are either registered trademarks or trademarks of Microsoft Corporation in the United
States and/or other countries.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United
States and Japan.

PC/AT is a trademark of International Business Machines Corporation.

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

TRON is an abbreviation of The Realtime Operating System Nucleus.

ITRON is an abbreviation of Industrial TRON.
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CHAPTER 1 INTRODUCTION

The V850ES/JG3-L is one of the products in the Renesas Electronics V850 single-chip microcontroller series
designed for low-power operation for real-time control applications.

1.1 General

The V850ES/JG3-L is a 32-bit single-chip microcontroller that includes the V850ES CPU core and peripheral
functions such as ROM/RAM, timer/counters, serial interfaces, an A/D converter, and a D/A converter.

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the V850ES/JG3-L
features multiply instructions, saturated operation instructions, bit manipulation instructions, etc., realized by a
hardware multiplier, as optimum instructions for digital servo control applications. Moreover, as a real-time control
system, the VB850ES/JG3-L enables an extremely high cost-performance for applications that require super low
power consumption, such as digital cameras, electrical power meters, and mobile terminals.

Table 1-1 lists the products of the VB50ES/JG3-L.
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V850ES/JG3-L CHAPTER 1 INTRODUCTION
Table 1-1. V850ES/Jx3-L Product List
Product Name ©PD70F3841 | xPD70F3842 | 4PD70F3792 | 4PD70F3793 | xPD70F3737 | xPD70F3738
Internal | Flash memory 768 KB 1 MB 384 KB 512 KB 128 KB 256 KB
memory | RAM 80 KB"*' 80 KB"*' 32 KB 40 KB 8 KB 16 KB
Memory | Logical space 64 MB
space [ External memory area 15 MB
External bus interface Address buses: 6 bits Address buses: 22 bits
Address data buses: 8/16 bits | Address data buses: 8/16 bits
Multiplexed bus mode Separate bus/multiplexed bus mode selectable

General-purpose register

32 bits x 32 registers

Clocks | Main clock Ceramic/crystal (PLL mode: fx = 2.5 to 5 MHz (multiplication by 4), clock through mode: fx = 2.5 to 10 MHz)
(oscillation frequency) | External clock (PLL mode: fx = 2.5 to 5 MHz (multiplication by 4), clock through mode: fx = 2.5 to 5 MHz)
Subclock Crystal (fxr = 32.768 kHz)

(oscillation frequency)

Internal oscillator

fa = 220 kHz (TYP.)

Minimum instruction
execution time

50 ns (main clock (fxx) = 20 MHz)

1/0 ports 1/0: 83 (5 V tolerant/N-ch open drain output selectable: 31) I/0O: 84 (5 V tolerant/N-ch open
drain output selectable: 31)

Timer 16-bit TMP 6 channels

16-bit TMQ 1 channel

16-bit TMM 1 channel

Watch timer 1 channel

Real-time counter 1 channel -

WDT 1 channel

Real-time output function

4 bits x 1 channel, 2 bits x 1 channel or 6 bits x 1 channel

10-bit A/D converter 12 channels

8-bit D/A converter 2 channels

Serial interface CSIB: 3 channels CSIB: 3 channels
UARTA/CSIB: 1 channel UARTA/CSIB: 1 channel
CSIB/Cbus: 1 channel CSIB/IC bus: 1 channel
UARTA/I’C bus: 2 channels UARTA/I’C bus: 2 channels
UARTA: 3 channels
UARTC; 1 channels

DMA controller

4 channels (transfer target: on-chip
peripheral I/0, internal RAM, expanded
internal RAM external memory)

4 channels (transfer target: on-chip peripheral I/O, internal RAM,
external memory)

Interrupt External

9 (g)NoteZ g (9)N0l22

source Internal

55 48

Power-save function

HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE/low-voltage STOP/low-voltage subclock/
low-voltage sub-IDLE modes

RTC backup mode -

Reset factor

RESET pin input, watchdog timer 2 (WDT2), clock monitor (CLM), low-voltage detector (LVI)

On-chip debugging

MINICUBE®, MINICUBE2 supported

Operating power supply voltage

2.2103.6 V@5 MHz, 2.7 to 3.6 V@20 MHz

2.0t0 3.6 V@2.5 MHz -

Operating ambient temperature

—40 to +85°C

Package

100-pin LQFP (14 x 14 mm)
121-pin FBGA (8 x 8 mm)

100-pin LQFP (14 x 14 mm)
121-pin FBGA (8 x 8 mm)

Notes1. Including 24 KB of expanded internal RAM area.
2. The figure in parentheses indicates the number of external interrupts that can release the STOP mode.
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CHAPTER 1 INTRODUCTION

1.2 Features

O Minimum instruction execution time: 50 ns (operating on main clock (fxx) of 20 MHz: Vop = 2.7 to 3.6 V)

200 ns (operating on main clock (fxx) of 5 MHz: Vob = 2.2 to 3.6 V)
400 ns (operating on main clock (fxx) of 2.5 MHz: Vop = 2.0 to 3.6 V)"
30.5 us (operating on subclock (fxt) of 32.768 kHz)

Note . PD70F3792, 70F3793, 70F3841, 70F3842 only

O General-purpose registers:
O CPU features:

O Memory space:

32 bits x 32 registers

Signed multiplication (16 x 16 — 32): 1 to 2 clocks

Signed multiplication (32 x 32 — 64): 1 to 5 clocks

Saturated operations (overflow and underflow detection functions included)
Most instructions can be executed in 1 clock cycle by using 32-bit RISC-based
5-stage pipeline architecture

Instruction fetching from internal ROM and accessing internal RAM for data can
be executed separately, by using Harvard architecture

High code efficiency achieved by using variable length instructions

32-bit shift instruction: 1 clock cycle

Bit manipulation instructions

Load/store instructions with long/short format

64 MB of linear address space (for programs and data)

External expansion: Up to 16 MB (including 1 MB used as internal ROM/RAM)

¢ Internal memory: RAM: 8/16/32/40 /80 KB (see Table 1-1)

Flash memory: 128 K/256 K/384 K/512 K/768 K/1 MB (see Table 1-1)

e External bus interface: e Separate bus/multiplexed bus output selectable

(« PD70F3737, 70F3738,70F3792, 70F3793)
o Multiplexed bus mode
(1« PD70F3841, 70F3842)
8/16 bit data bus sizing function
Wait function
¢ Programmable wait function
¢ External wait function
Idle state function
Bus hold function

R0O1UHO165EJ0900 Rev.9.00
Mar 25, 2014



V850ES/JG3-L CHAPTER 1 INTRODUCTION
O Interrupts and exceptions:
Internal external
Non-maskable | maskable total Non-maskable | maskable total

uPD70F3737 | 1 47 48 1 8 9
uPD70F3738 1 47 48 1 8 9
uPD70F3792 | 1 54 55 1 8 9
uPD70F3793 | 1 54 55 1 8 9
uPD70F3841 1 54 55 1 8 9
uPD70F3842 | 1 54 55 1 8 9

Software exceptions: 32 sources

Exception trap: 2 sources

O Ports:

O Timer function:

Note,

O Real-time counter™:
O Real-time output port:
O Serial interface:

O A/D converter:

O D/A converter:

O DMA controller:

O DCU (debug control unit):

I/O ports:

16-bit interval timer M (TMM):

84 (1 PD70F3737, 70F3738)
83 (1 PD70F3792, 70F3793, 70F3841, 70F3842)

1 channel

16-bit timer/event counter P (TMP): 6 channels
16-bit timer/event counter Q (TMQ): 1 channel

Watch timer:
Watchdog timer:
1 channel

6 bits x 1 channel

1 channel
1 channel

Asynchronous serial interface A (UARTA)

3-wire variable-length serial interface B (CSIB)

I’C bus interface (
UARTA/CSIB:
UARTA/I’C:
CSIB/I’C:
CSIB:

UARTA ™"
UARTC"™™:

I’C)

1 channel

2 channels
1 channel

3 channels
3 channels
1 channel

10-bit resolution: 12 channels

8-bit resolution: 2
4 channels
JTAG interface

channels
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V850ES/JG3-L CHAPTER 1 INTRODUCTION

O Clock generator: During main clock or subclock operation
7-level CPU clock (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
Clock-through mode/PLL mode selectable

O Internal oscillator clock: 220 kHz (TYP)
O Power-save functions: HALT/IDLE1/IDLE2/STOP/low-voltage STOP/subclock/sub-IDLE/
low-voltage subclock/low-voltage sub-IDLE mode (/RTC backup mode) "
O Package: 100-pin plastic LQFP (fine pitch) (14 x 14)
121-pin plastic FBGA (8 x 8)
O Power supply voltage: Vop =2.0V to 3.6 V (2.5 MHz) "

Vob =2.2V 10 3.6V (5 MHz)
Vop =2.7V t0 3.6 V (20 MHz)

Note . PD70F3792, 70F3793, 70F3841, 70F3842 only
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1.3 Application Fields

Digital cameras, electrical power meters, mobile terminals, digital home electronics, other consumer devices

1.4 Ordering Information

Part Number

Package

Internal Flash Memory

4PD70F3737GC-UEU-AX
1PD70F3738GC-UEU-AX
LPD70F3737F1-CAH-A
LPD70F3738F1-CAH-A
1 PD70F3792GC-UEU-AX
4 PD70F3793GC-UEU-AX
1 PD70F3792F1-CAH-A
1 PD70F3793F1-CAH-A
4 PD70F3841GC-UEU-AX
4 PD70F3842GC-UEU-AX
1 PD70F3841F1-CAH-A
1 PD70F3842F1-CAH-A

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
121-pin plastic FBGA (8 x 8)
121-pin plastic FBGA (8 x 8)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
121-pin plastic FBGA (8 x 8)
121-pin plastic FBGA (8 x 8)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
121-pin plastic FBGA (8 x 8)
121-pin plastic FBGA (8 x 8)

Remark The V850ES/JG3-L is a lead-free product.

128 KB
256 KB
128 KB
256 KB
384 KB
512 KB
384 KB
512 KB
768 KB
1 MB
768 KB
1 MB
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CHAPTER 1

INTRODUCTION

1.5 Pin Configuration (Top View)

100-pin plastic LQFP (fine pitch) (14 x 14) (1/3)

1 PD70F3737GC-UEU-AX

4 PD70F3738GC-UEU-AX

0
1
2
3
4
5
6
7
8
9

AVRero O—

AVss O——

P10/ANOQ O-=—n
P11/ANO1 O=—n
AVRer1 O—
PDH4/A20 O=—
PDH5/A21 O=—
FLMDONote1 o—

Voo O—

REGCN*2 O—— 10

Vss O— 11

X1 O—=f 12

X2 O— 13

RESET O——~ 14

XT1 O—={ 15

XT2 O—— 16

PO2/NMI O=—> 17
PO3/INTPO/ADTRG O=— 18
PO4/INTP1 O=—= 19
P05/INTP2/DRST O=—= 20
PO6/INTP3 O=—= 21
P40/SIB0O/SDA01 O=—» 22
P41/SOB0/SCLO1 O=—= 23
P42/SCKB0 O=—= 24
P30/TXDA0/SOB4 O=—=1 25

©CoONOOO~WN =

76 [=—=O PDL5/AD5/FLMD1

00 [~—O P70/AN

99 [=—=O P71/AN

98 [=—=0O P72/AN

97 [+—=O P73/AN

96 [=—=O P74/AN

95 [=—0O P75/AN

94 [=—=0O P76/AN

93 [=—O P77/AN

92 (0O P78/AN

91 |=—0O P79/AN

90 (~—=0O P710/ANI10
89 [=—=0O P711/ANI11
88 [«~—=O PDH1/A17
87 [+~—=O PDHO/A16
86 [~—O PDL15/AD15
85 [~—0O PDL14/AD14
84 |~—O PDL13/AD13
83 [+~—=0O PDL12/AD12
82 |=~—O PDL11/AD11
81 [«—=O PDL10/AD10
80 [~—O PDL9/AD9
79 [=—O PDL8/AD8
78 =—=0O PDL7/AD7
77 |+=—O PDL6/AD6

O1

Notes 1. The FLMDO pin is used in flash programming
2. Connect the REGC pin to Vssvia a 4.7 uF (recommended value) capacitor.

P36 O=—+ 31
P37 O=—=32
EVss O—— 33
EVoo O——{ 34

P38/TXDA2/SDA00 O=—= 35
P21/TOP21 O=—» 49
P20/TOP20 O=—= 50

P41/TOP41 O=—» 45
P40/TOP40 O=—=| 46
P31/TOP31 O=—» 47
P30/TOP30 O=—=148

P33/TIPO1/TOP01 O=— 28
P34/TIP10/TOP10 O=—={ 29
P35/TIP11/TOP11 O=—{ 30
P39/RXDA2/SCLO0 O=~—= 36

P50/TIQ01/KRO/TOQ01/RTPO0 O=—+ 37

P92/A2/T|
P93/A3/T|
P94/A4/T|
P95/A5/T|
P96/A6/T|

P97/A7/SIB1/T|

P31/RXDAO/INTP7/SIB4 O~—» 26

P32/ASCKA0/SCKB4/TIP00/TOP00 O=—» 27

P51/TIQ02/KR1/TOQ02/RTPO1 O=—~ 38
P52/TIQ03/KR2/TOQ03/RTP02/DDI O=—= 39
P54/SOB2/KR4/RTP04/DCK O=—=| 41
P55/SCKB2/KR5/RTP05/DMS O=—= 42
P90/A0/KR6/TXDA1/SDA02 O=— 43
P91/A1/KR7/RXDA1/SCL02 O=— 44

P53/SIB2/KR3/TIQ00/TOQ00/RTP0O3/DDO O=—+ 40

PDL4/AD4
PDL3/AD3
PDL2/AD2
PDL1/AD1
PDLO/ADO

EVop

EVss

PCT6/ASTB
PCT4/RD
PCT1/WR1
PCTO/WRO
PCM3/HLDRQ
PCM2/HLDAK
PCM1/CLKOUT
PCMO/WAIT
PDH3/A19
PDH2/A18
P915/A15/INTP6/TIP50/TOP50
P914/A14/INTP5/TIP51/TOP51
P913/A13/INTP4
P912/A12/SCKB3
P911/A11/SOB3
P910/A10/SIB3
P99/A9/SCKB1
P98/A8/SOB1

. Connect this pin to Vss in the normal operation mode.
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V850ES/JG3-L CHAPTER 1 INTRODUCTION
100-pin plastic LQFP (fine pitch) (14 x 14) (2/3)
1 PD70F3792GC-UEU-AX uPD70F3793GC-UEU-AX
a
=
or _Bo¥oqcoe m
CTrNOQOONO0QQQO DN OD
O NOTVONVNSS = o lafafafafal
zzzzzzzzzz§§$$§§§§§§<<<<<
SS5S3SS3s8serr8ooooon5235%87%
RrNRYRRRRRKIKOCCcoobonooooohon
[ S W Y o T Y o Y T o N o Y Y o Y Y o Y T N T T o Y O o Y Y o WY Y a WY 0 Y
CDCOONOULTONATODDONOLUOTNATOODONO©
OO OO0 00000000 0O0OOOWOWNMNININS
AVrero O— 1 75 PDL4/AD4
AVss O— 2 O 74 PDL3/AD3
P10/ANOO O=—{ 3 73 PDL2/AD2
P11/ANO1 O=—=| 4 72 PDL1/AD1
AVrer1 O—— 5 71 PDLO/ADO
PDH4/A20 O=—] 6 70 EVoo
PO2/NMI/A21 O=—n] 7 69 EVss
FLMDONete1 0—— 8 68 PCT6/ASTB
Voo O—— 9 67 PCT4/RD
REGCNete2 — 10 66 PCT1/WR1
Vss O——| 11 65 PCTO/WRO
X1 O—=] 12 64 PCM3/HLDRQ
X2 0— 13 63 PCM2/HLDAK
RESET O—~{ 14 62 PCM1/CLKOUT
XT1 O—~ 15 61 PCMO/WAIT
XT2 O— 16 60 PDH3/A19
RVoo O~ 17 59 PDH2/A18
PO3/INTPO/ADTRG/RTC1HZ O~— 18 58 P915/A15/INTP6/TIP50/TOP50
PO4/INTP1/RTCDIV/RTCCL O=—+{ 19 57 P914/A14/INTP5/TIP51/TOP51
PO5/INTP2/DRST O=—=] 20 56 P913/A13/INTP4
PO6/INTP3 O=—+] 21 55 P912/A12/SCKB3
P40/SIBO/SDA0T O~—=] 22 54 P911/A11/SOB3
P41/SOB0/SCLO1 O=—] 23 53 P910/A10/SIB3
P42/SCKB0O O~—+] 24 52 P99/A9/SCKB1
P30/TXDA0/SOB4 O~—+{ 25 51 P98/A8/SOB1
ONOVDODOTTAMNMTULONODIDO T~ ANMITOHONDODO
ANANANNODODODODONOOOOOTITITITTITTITTTT WO
TOT~rOrMM 2 0000+ = YN aaNsttuouwr— O
Be o r22LE5S85886228833220 0
OOO00ORRULNADEEQLLA00RRRROO
TEEEEEX QQD\:EESSS@QtEtQtt
ESSSC8s FIc8ELEE LT T953R
£Zagoongd DQ%%EEEEDQ%&%&E&
25558 ECEESSEIPELERER SS
mMoO® VIO -IOXYEONT-S-300
EREEE PREERS5EEIgRESs
= < < ApnS<=—=-c=XX
52 SIS0 SSZEEEEEER
“3 90%G3lng <<
%) ggggggmmggggg@
0 © w0 <20 o [Ny M N 1Y s 18 2
< aaokT <
S R 5
a am o
n
3
o

2. Connect the REGC pin to Vssvia a 4.7 uF (recommended value) capacitor.

Notes 1. The FLMDO pin is used in flash programming. Connect this pin to Vss in the normal operation mode.
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V850ES/JG3-L CHAPTER 1 INTRODUCTION
100-pin plastic LQFP (fine pitch) (14 x 14) (3/3)
1 PD70F3841GC-UEU-AX uPD70F3842GC-UEU-AX
o
=
or ¥oaro T
—TCNnOQNN000QD 0N OB
SrranosYnvon~o® - [ajafalYala]
zzzzzzzzzz§§$$§§§§§§<<<<<
SSSSS553SSorr 8o onoonoo28588
RrNRNERRRRRIKKCccoooonnnnonnon
[ W o W o W N N o T o T Yo Y Y o T o T Y Yo Y o Y o Y o T Y Y o Y Y 0
OO NOULITOATONDONOUOTNONATTOO®DOMN O \
OO 0O O 0000 0 0 0 0OOKMNMNININS
AVrero O— 1 75 PDL4/AD4
AVss O—{ 2 O 74 PDL3/AD3
P10/ANOQ O=—>{ 3 73 PDL2/AD2
P11/ANO1 O=—>{ 4 72 PDL1/AD1
AVrer1t O—| 5 71 PDLO/ADO
PDH4/A20 O=—] 6 70 EVoo
PO2/NMI/A21 O=— 7 69 EVss
FLMDONete 1 O—— 8 68 PCT6/ASTB
Voo O—— 9 67 PCT4/RD
REGCNete2 0—— 10 66 PCT1/WR1
Vss O—— 11 65 PCTO/WRO
X1 O— 12 64 PCM3/HLDRQ
X2 O——13 63 PCM2/HLDAK
RESET O—~ 14 62 PCM1/CLKOUT
XT1 O——~{ 15 61 PCMO/WAIT
XT2 O— 16 60 PDH3/A19
RVop O=—+{ 17 59 PDH2/A18
PO3/INTPO/ADTRG/RTC1HZ O=—+{ 18 58 P915/INTP6/TIP50/TOP50
P04/INTP1/RTCDIV/RTCCL O=—> 19 57 P914/INTP5/TIP51/TOP51
PO5/INTP2/DRST O=—+ 20 56 P913/INTP4
PO6/INTP3 O=—= 21 55 P912/SCKB3
P40/SIB0/SDA01 O=—+ 22 54 P911/SOB3
P41/SOB0/SCLO1 O=— 23 53 P910/SIB3
P42/SCKB0 O=—= 24 52 P99/SCKB1
P30/TXDA0/SOB4 O=—= 25 51 P98/SOB1
\ ONODOTTAMNMTDONODNDO T~ ANMNMTOONOODNO
ANANNODODODONDONNOONOTITITTITITITITTIT O
TO-OrrMM P00 - SOXONAANSTIEIOW—O
moo«-—‘—<<§§ooooﬂoo§oo<<<<m<\l
0000 <Jdaoaon < - oo
85600 RRILAOEEROQO5DRERESO
tEteEEEECD Qggﬁggog@gtEtEtt
ESS2- 85 2<60P&&&2<§858&8
£odonaag 0000 rFo0onaaaon
Sk XX008533XX0000FEE
Iga3e ELbbEg8aprkELtEEESS
m|moMm® DB NO OXNYONTOo-ao00
Xlxgaaa DOTrOsxILTNTOOAAN
o tLoyybEPNNYxlalaxx
@ =958 Cs-EEEEER
™S ooy POAPT DS =
22 00Xzl 0aoRo8Sh
> EEe=23@ afpdaas
EES 99 [
[&] S = o w N
2] PHOa—p 5
< oo g g
S ]
o oo
n
)
i

2. Connect the REGC pin to Vssvia a 4.7 uF (recommended value) capacitor.

Notes 1. The FLMDO pin is used in flash programming. Connect this pin to Vss in the normal operation mode.
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V850ES/JG3-L CHAPTER 1 INTRODUCTION

121-pin plastic FBGA (8 x 8)
uPF70F3737F1-CAH-A  4PF70F3738F1-CAH-A 4 PD70F3792F1-CAH-A 1 PD70F3793F1-CAH-A
4 PD70F3841F1-CAH-A 1 PD70F3842F1-CAH-A

Top View Bottom View
11 | 00000000000
10 00000000000
9 00000000000
8 00000000000
7 00000000000
6 00000000000
5 00000000000
4 00000000000
3 00000000000
2 00000000000
}3 1 | 00000000000,
ABCDEFGHJ KL LKJHGFEDCBA&
Index mark Index mark
(1/2)
Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name
Al AVRrero C1 AVss E1 REGC"™"'
A2 AVRero Cc2 AVss E2 REGC"""
A3 P70/ANIO C3 P72/ANI2 E3 P10/ANOO
A4 P74/AN|4 C4 P76/ANI6 E4 P11/ANO1
A5 P78/ANI8 C5 P710/ANI10 E5 EVss
A6 EVss C6 PDHO/A16 E6 EVss
A7 PDL11/AD11 C7 PDL13/AD13 E7 EVss
A8 PDL8/AD8 C8 PDL10/AD10 E8 PCTO/WRO0
A9 PDL6/AD6 C9 PDL2/AD2 E9 PCM3/HLDRQ
A10 PDL5/AD5/FLMDA1 C10 PDL1/AD1 E10 PCM2/HLDAK
A1l EVop Ci1 PDLO/ADO E11 EVss
B1 AVRrEFo D1 Vob F1 X1
B2 AVREF1 D2 Voo "**? , RVop"*** F2 X2
B3 P71/ANI1 D3 P73/ANI3 F3 FLMDOQ"**
B4 P75/ANI5 D4 P77/ANI7 F4 PDH4/A20
B5 P79/ANI9 D5 P711/ANI11 F5 EVss
B6 PDL15/AD15 D6 PDH1/A17 F6 EVss
B7 PDL12/AD12 D7 PDL14/AD14 F7 EVss
B8 PDL9/AD9 D8 PCT6/ASTB F8 PDH3/A19
B9 PDL7/AD7 D9 PCT4/RD F9 PDH2/A18
B10 PDL4/AD4 D10 PCT1/WR1 F10 PCM1/CLKOUT
B11 PDL3/AD3 D11 EVob F11 PCMO/WAIT

Notes 1. Connect the E1 and E2 pins by using the shortest possible pattern and connect them to Vss via a 4.7 uF
(recommended value) capacitor.
2. 4 PD70F3737, 70F3738 only
3. ¢ PD70F3792, 70F3793, 70F3841, 70F3842 only
4. The FLMDO pin is used in flash programming. Connect this pin to Vss in the normal operation mode.
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(2/2)
Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name
G1 Vss Ho P911(/A11)*"*/SOB3 K6 EVoo
G2 Vss H10  |P910(/A10)**/SIB3 K7 P51/TIQ02/KR1/TOQO2/RTPO1
G3 PO3/INTPO/ADTRG H11  |P99(/A9)“*/SCKB1 K8 P54/SOB2/KR4/RTP04/DCK
(/RTC1HZ)™™
G4 PDH5/A21 ™ J1 Vss K9 PO2(/A2)"**/TIP41/TOP41
P0O2/NMI/A21"e"? (/TXDA4)"*!
G5 EVss J2 PO2/NMI(/A21)%"* K10 |P95(/A5)*/TIP30/TOP30
(/RXDAS)""
G6 EVss J3 PO5/INTP2/DRST K11 |P96(/A6)"™* (/TXDCO)™*
/TIP21/TOP21
G7 EVss J4 PO6/INTP3 L1 EVss
G8 P915(/A15)***/INTP6/TIP50 J5 P35/TIP11/TOP11 L2 P42/SCKBO
/TOP50
G9 P914(/A14)***/INTP5/TIP51 J6 P37(/RXDA3)™"" L3 P30/TXDA0/SOB4
/TOP51
G10  |P913(/A13)"YINTP4 J7 P52/TIQ03/KR2/TOQ03 L4 P32/ASCKAO/SCKB4/TIPOO
/RTPO2/DDI /TOP0O
G11_ |P912(/A12)*"*/SCKB3 J8 P55/SCKB2/KR5/RTPO5/DMS  |L5 EVss
H1 XT1 J9 PY3(/A3)"*/TIP40/TOP40 L6 EVoo
(/RXDA4)™™
H2 XT2 J10 P98(/A8)""*/SOB1 L7 P50/TIQ01/KRO/TOQ01/RTP00
H3 RESET J11 P97(/A7)"**/SIB1(/RXDCO)™"  [L8 P53/SIB2/KR3/TIQ00/TOQ00
/TIP20/TOP20 /RTP03/DDO
H4 PO4/INTP1(/RTCDIV/RTCCL)" |K1 P40/SIBO/SDAO1 L9 P91 (/A1) */KR7/RXDA1
/SCLO2
H5 P36(/TXDA3)""" K2 P41/SOB0/SCLO1 L10 P94(/A4)""*/TIP31/TOP31
(/TXDAS)"™™
H6 P38/TXDA2/SDA0O K3 P31/RXDAO/INTP7/SIB4 L11  |EVoo
H7 P39/RXDA2/SCLOO K4 P33/TIPO1/TOPO1 - -
H8 P90(/A0)"**/KR6/TXDA1/SDA02 |K5 P34/TIP10/TOP10 - -

Notes1.  PD70F3792, 70F3793, 70F3841, 70F3842 only

2. uPD70F3737, 70F3738 only

3. The P02/NMI/A21 pin is assigned to the pin numbers J2 and G4. To use the functions of this pin, use
only one of the pin numbers and open the other pin number. If not using the PO2/NMI/A21 pin, perform
processing for only one pin number in accordance with 2.3  Pin 1/0 Circuit Types, /0 Buffer Power
Supplies, and Connection of Unused Pins, and open the other pin number (¢ PD70F3792, 70F3793,
70F3841, 70F3842).

4. 1 PD70F3737, 70F3738, 70F3792, 70F3793 only
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Pin functions

A0 to A21: Address bus PDLO to PDL15: Port DL

ADO to AD15: Address/data bus RD: Read strobe

ADTRG: A/D trigger input REGC: Regulator control

ANIO to ANI11: Analog input RESET: Reset

ANOO, ANO1: Analog output RTC1HZ,

ASCKAO: Asynchronous serial clock RTCCL, RTCDIV: Real-time Counter Clock Output

ASTB: Address strobe RTPOO to RTPO05: Real-time output port

AVReFo, AVREF1: Analog reference voltage RVob: Power Supply for RTC

AVss: Analog Vss RXDAO to RXDAS5,

CLKOUT: Clock output RXDCO: Receive data

DCK: Debug clock SCKBO to SCKB4: Serial clock

DDI: Debug data input SCLO0O to SCLO2: Serial clock

DDO: Debug data output SDAOQO to SDA02: Serial data

DMS: Debug mode select SIBO to SIB4: Serial input

DRST: Debug reset SOBO to SOB4: Serial output

EVob: Power supply for external pin TIPQO, TIPO1,

EVss: Ground for external pin TIP10, TIP11,

FLMDO, FLMD1: Flash programming mode TIP20, TIP21,

HLDAK: Hold acknowledge TIP30, TIP31,

HLDRAQ: Hold request TIP40, TIP41,

INTPO to INTP7: External interrupt input TIP50, TIP51: Timer input

KRO to KR7: Key return TIQOO to TIQO3,

NMI: Non-maskable interrupt request  TOP00, TOPO1,

P02 to P06: Port 0 TOP10, TOP11,

P10, P11: Port 1 TOP20, TOP21,

P30 to P39: Port 3 TOP30, TOP31,

P40 to P42: Port 4 TOP40, TOP41,

P50 to P55: Port 5 TOP50, TOP51,

P70 to P711: Port 7 TOQO0 to TOQO3: Timer output

P90 to P915: Port 9 TXDAO to TXDAS,

PCMO to PCM3: Port CM TXDCO Transmit data

PCTO, PCT1, Vob: Power supply

PCT4, PCT6: Port CT Vss: Ground

PDHO to PDHS5: Port DH WAIT: Wait
WRO: Lower byte write strobe
WRT: Upper byte write strobe
X1, X2: Crystal for main clock
XT1, XT2 Crystal for subclock
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1.6 Function Block Configuration
1.6.1 Internal block diagram
_______________________________________________ - ROM RAM
. Timer/counter function : Note 1 Note 2 e
1 TIPOO to TIP50, : DMA
! TIPO1 to TIP51 16-bit timer/P Kt 1 @
| event counter P:| 1
i TOPOO to TOP50, '
; TOPO1 to TOP51 <5 : cPU = o g —
E 110010 TIA0S T et eeumer — — HLDAK
h TOQO0 to TOQO3 <—] 1 Multiplier 32-bit barre .
5 1o i 161632 [« ||~ shitter Q_ETB
: 16-bit interval | — System L WAT
\ timer M: h
: o [T = registers BCU > WRo, WRT
! . r & A0 to A21Note?
: Watchdog || General-purpose —>
: registers 32 bits x 32 [ =" k= ADO to AD15
! : {\r k= Expanded
1 imer: | A internal RAM
E Watc:wctr:mer. <‘4::> <> (24KB)Notes
: : 5
h RTC1HZ ——{ Real-time | :
: RTCCL ~— 100%1}0?;:3 < @ ﬁ ﬁ %KOUT
: RTCDIV = _T¢c ) Ports || on AD X2
: : converter| | converter XT1
| ISR
| RESET
.............................................. SR 22789358 T
\ : ©2 Jon~adaoaad ~——| Interna
. Serial interface function : g ifjf:’ 2 '35 ’30- eeecse gk § g ;8 b
] : eE0g=f ococofa =z < £z
] ' = O o o > E><Z
: SOBO to SOB4 <—] : oZg8Rfds & <= Q% T| [~ oM
. SIBO to SIB4 C—X{ CSIB:5¢ch K 553ia 8 z
: SCKBO to SCKB4 <=} : faon z 2| [~
i : £ ie] < < Voo
: ' &£ o Regulator [—— Vss
i SDAOO to SDA02 <= : —
1 ° I’C:3¢ch K> Q A REGC
\ SCL00 to SCL02 <= v e
] : ' Interrupt function ' Regulator™te3 RVpphote 3
: TXDAO to TXDA5 <—] ; : - NMI !
: RXDAO to RXDAS T UARTA oot = INTC e 7 |
; ASCKAQ —= 8™ [ | 010 INTP7:
b . 1] Key interrupt .
i TXDCO <—] UARTC: ! 1
] RXDCO =>| 1chNoted [~ Smmmmmmmmsemsssoessemsoeeoooeo
i Debug function Flash FLMDO
E DRST : controller [=—— FLMD1
5 ~—DMS
: DCU -—DDI —  EVoo
CRC K=> : ~— DCK : — EVss
: —=DDO !

Notes 1.

N oo RO

uPD70F3737: 128 KB
uPD70F3792: 384 KB
uPD70F3841: 768 KB
uPD70F3737: 8 KB
uPD70F3792: 32 KB

uPD70F3738: 256 KB
4PD70F3793: 512 KB
uPD70F3842: 1 MB
uPD70F3738: 16 KB
4PD70F3793: 40 KB

uPD70F3841, 70F3842: 56 KB

uPD70F3792, 70F3793, 70F3841, 70F3842 only

uPD70F3737, 70F3738 only

uPD70F3792, 70F3793, 70F3841, 70F3842 only, xPD70F3737, 70F3738 is 3 channels

4PD70F3841, 70F842 only

uPD70F3841, 70F3842 is A16 to A21
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1.6.2

M

)

©)]

(4)

(5)

(6)

@)

(8)

(9)

Internal units

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) and a barrel shifter (32
bits) contribute to faster complex processing.

Bus control unit (BCU)

The BCU starts a required external bus cycle based on the physical address obtained by the CPU. When an
instruction is fetched from external memory space 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.

Flash memory (ROM)

This is a 1 M/784 K/512 K/384 K/256 K/128 KB flash memory mapped to addresses 0000000H to
OOFFFFFH/0000000H to O0OBFFFFH/0000000H to 007FFFFH/0000000H to 005FFFFH/0000000H to
003FFFFH/0000000H to 001FFFFH. It can be accessed from the CPU in one clock during instruction fetch.

RAM

This is a 80"*'/40/32/16/8 KB RAM mapped to addresses 3FF1000H to 03FFEFFFH + 03FAO0OH to
03FFFFFH /3FF5000H to 3FFEFFFH/3FF7000H to 3FFEFFFH /3FFBO0OH to 3FFEFFFH/3FFDOOOH to
3FFEFFFH. It can be accessed from the CPU in one clock during data access.

Note Including 24 KB of expanded internal RAM area.

Interrupt controller (INTC)

This controller handles hardware interrupt requests (NMI, INTPO to INTP7) from on-chip peripheral hardware
and external hardware. Eight levels of interrupt priorities can be specified for these interrupt requests, and
multiplexed interrupt servicing control can be performed.

Clock generator (CG)

A main clock oscillator and subclock oscillator are provided and generate the main clock oscillation frequency
(fx) and subclock frequency (fxt), respectively. There are two modes: In the clock-through mode, fxis used as
the main clock frequency (fxx) as is. In the PLL mode, fxis used multiplied by 4.

The CPU clock frequency (fcru) can be selected from among fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, and fxT.

Internal oscillator
An internal oscillator is provided on chip. The oscillation frequency is 220 kHz (TYP). The internal oscillator
supplies the clock for watchdog timer 2 and timer M.

Timer/counter
Six-channel 16-bit timer/event counter P (TMP), one-channel 16-bit timer/event counter Q (TMQ), and one-
channel 16-bit interval timer M (TMM), are provided on chip.

Watch timer

This timer counts the reference time period (0.5 s) for counting the clock (the 32.768 kHz subclock or the
32.768 kHz fera clock from the prescaler). The watch timer can also be used as an interval timer based on
the main clock.
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(10) Real-time counter (for watch) ( xPD70F3792, 70F3793, 70F3841, 70F3842 only)
The real-time counter counts the reference time (one second) for watch counting based on the subclock
(32.768 kHz) or main clock. This can simultaneously be used as the interval timer based on the main clock.
Hardware counters dedicated to year, month, day of week, day, hour, minute, and second are provided, and
can count up to 99 years.

(11) Watchdog timer 2
A watchdog timer is provided on chip to detect inadvertent program loops, system abnormalities, etc.
The internal oscillator clock, the main clock, or the subclock can be selected as the source clock.
Watchdog timer 2 generates a non-maskable interrupt request signal (INTWDT2) or a system reset signal
(WDT2RES) after an overflow occurs.

(12) Serial interface
The VB850ES/JG3-L includes three kinds of serial interfaces: asynchronous serial interface A (UARTA),
asynchronous serial interface C (UARTC), 3-wire variable-length serial interface B (CSIB), and an I°C bus
interface (I°C).

(a) u PD70F3737, 70F3738
In the case of UARTA, data is transferred via the TXDAO to TXDA2 pins and RXDAO to RXDA2 pins.
In the case of CSIB, data is transferred via the SOBO to SOB4 pins, SIBO to SIB4 pins, and SCKBO to
'SCKB4 pins.
In the case of I’C, data is transferred via the SDA0O to SDA02 and SCL00 to SCLO2 pins.

(b) 1 PD70F3792, 70F3793, 70F3841, 70F3842
In the case of UARTA, data is transferred via the TXDAO to TXDAS5 pins and RXDAO to RXDAS5 pins.
In the case of UARTC, data is transferred via the TXDCO pin and RXDCO pin.
In the case of CSIB, data is transferred via the SOBO0 to SOB4 pins, SIBO to SIB4 pins, and SCKBO to
SCKB4 pins.
In the case of 12C, data is transferred via the SDAOO to SDA02 and SCLOO0 to SCLO2 pins.

(13) A/D converter
This 10-bit A/D converter includes 12 analog input pins. Conversion is performed using the successive
approximation method.

(14) D/A converter
A two-channel, 8-bit-resolution D/A converter that uses the R-2R ladder method is provided on chip.

(15) DMA controller
A 4-channel DMA controller is provided on chip. This controller transfers data between the internal RAM
and on-chip peripheral I/O devices in response to interrupt requests sent by on-chip peripheral I/O.

(16) Key interrupt function
A key interrupt request signal (INTKR) can be generated by inputting a falling edge to the key input pins (8
channels).

(17) Real-time output function
The real-time output function transfers preset 6-bit data to output latches upon the occurrence of a timer
compare register match signal.
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(18) CRC function

A CRC operation circuit that generates a 16-bit CRC (Cyclic Redundancy Check) code upon the setting of

8-bit data is provided on-chip.

(19) DCU (debug control unit)

An on-chip debug function that uses the JTAG (Joint Test Action Group) communication specifications is
provided. Switching between the normal port function and on-chip debugging function is done with the

control pin input level and the OCDM register.

(20) Port

S

The following general-purpose port functions and control pin functions are available.

Table 1-2. Port Functions

Port l{e] Alternate Function
PO 5-bit I/0 NMI, external interrupt, A/D converter trigger, debug reset, Real time counter output™*’
P1 2-bit I/0 D/A converter analog output
P3 10-bit 110 External interrupt, serial interface, timer I/O
P4 3-bit 110 Serial interface
P5 6-bit 110 Timer I/O, real-time output, key interrupt input, serial interface, debug I/O
P7 12-bit I/O A/D converter analog input
P9 16-bit 110 External address bus"*°®, serial interface, key interrupt input, timer 1/O,
external interrupt
PCM 4-bit 110 External control signal
PCT 4-bit I/O External control signal
PDH 6-bit I/0""°?, | External address bus
5-bit /0"
PDL 16-bit I/0 External address/data bus
Notes1. 4 PD70F3792, 70F3793, 70F3841, 70F3842 only

2. uPD70F3737, 70F3738 only
3. uPD70F3737, 70F3738, 70F3792, 70F3793 only
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2.1 List of Pin Functions

CHAPTER 2 PIN FUNCTIONS

The functions of the pins in the VB50ES/JG3-L are described below.

There are three types of pin 1/0O buffer power supplies: AVrero, AVRer1, and EVop.

these power supplies and the pins is described below.

The relationship between

Table 2-1. Pin I/O Buffer Power Supplies
Power Supply Corresponding Pins
AVREero Port 7
AVREeF1 Port 1
EVoo RESET, ports 0, 3 to 5, 9, CM, CT, DH, DL, FLMDO
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(1) Port functions

(1/3)
Function Pin No. /0 Description Alternate Function
GC F1
P02 17v | J2, I/O | Port O (refer to 4.3.1) NMI(/A21) "2
7N | G4te? 5-bit 1/0 port

P03 18 G3 Input/output can be specified in 1-bit units. INTPO/ADTRG(/RTC1HZ)""*
P04 19 H4 N-ch open-drain output can be specified in 1-bit units. | INTP1(/RTCDIV/RTCCL)""*?
Pos™*® | 20 | J3 5V tolerant. INTP2/DRST
P06 21 J4 INTP3
P10 3 E3 /0 | Port 1 (refer to 4.3.2) ANOO
P11 4 E4 2-bit VO port ANO1

Input/output can be specified in 1-bit units.
P30 25 L3 I/O | Port 3 (refer to 4.3.3) TXDAO0/SOB4
P31 26 K3 10-bit I/0 port RXDAO/INTP7/SIB4
P32 27 L4 Input/output can be specified in 1-bit units. ASCKA0/SCKB4/TIP00/TOPO0
P33 28 K4 N-ch open-drain output can be specified in 1-bit units. | TIPO1/TOPO1
P34 29 K5 5V tolerant. TIP10/TOP10
P35 30 J5 TIP11/TOP11
P36 31 H5 TXDA3""*
P37 32 Jé RXDA3"*?
P38 35 H6 TXDA2/SDA00
P39 36 H7 RXDA2/SCL00
P40 22 K1 I/O | Port 4 (refer to 4.3.4) SIB0/SDAO1

3-bit 1/0 port
pat 23 K2 Input/output can be specified in 1-bit units. SOBO/SCLOT
P42 24 Lo N-ch open-drain output can be specified in 1-bit units. | gckBo

5V tolerant.
P50 37 L7 I/O | Port 5 (refer to 4.3.5) TIQ01/KRO/TOQO1/RTPO0
P51 38 K7 6-bit I/O port TIQ02/KR1/TOQ02/RTPO1
P52 39 J7 Input/output can be specified in 1-bit units. TIQO03/KR2/TOQO03/RTP02/DDI
P53 40 L8 N-ch open-drain output can be specified in 1-bit units. | SIB2/KR3/TIQ00/TOQ00/RTP03/DDO
P54 41 K8 5V tolerant. SOB2/KR4/RTP04/DCK
P55 42 J8 SCKB2/KR5/RTP05/DMS

Notes1. 1PD70F3737, 70F3738 only.
2. 4PD70F3792, 70F3793, 70F3841, 70F3842 only.

3.

Incorporates a pull-down resistor.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)

It can be disconnected by clearing the OCDM.OCDMO bit to 0.
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(2/3)
Function Pin No. 110 Description Alternate Function
GC F1
P70 100 A3 /O |Port 7 (refer to 4.3.6) ANIO
P71 99 B3 12-bit I/0 port ANI1
P72 98 C3 Input/output can be specified in 1-bit units. ANI2
P73 97 D3 ANI3
P74 96 A4 ANI4
P75 95 B4 ANI5
P76 94 C4 ANI6
P77 93 D4 ANI7
P78 92 A5 ANI8
P79 91 B5 ANI9
P710 90 C5 ANI10
P711 89 D5 ANI11
P90 43 H8 /O |Port 9 (refer to 4.3.7) (A0)"?/KR6/TXDA1/SDA02
P91 44 L9 16-bit 1/0 port (A1)M2/KR7/RXDA1/SCL02
P92 45 K9 Input/output can be specified in 1-bit units. (A2)N2/TIP41/TOP41(/TXDA4) Nete
P93 46 J9 N-ch open-drain output can be specified in 1-bit units. | (A3)"**%/TIP40/TOP40(/RXDA4) """
P94 47 | L10 5V tolerant.(P90 to P96) (A4)"2/TIP31/TOP31(/TXDAS) et
P95 48 K10 (A5)"2/TIP30/TOP30(/RXDAS5 )Nt
P96 49 | K11 (AB) "2 (/TXDCO)M="/TIP21/TOP21
P97 50 | J11 (A7)M2/SIB1(/RXDCO) "= "/TIP20
/TOP20
P98 51 J10 (A8)"?/SOB1
P99 52 | H11 (A9)™°%/SCKB1
P910 53 H10 (A10)N*?/SIB3
P911 54 H9 (A11)N=2/SOB3
P912 55 | G11 (A12)"=2/SCKB3
P913 56 G10 (A13)N*?/INTP4
P914 57 G9 (A14)Ne?/INTP5/TIP51/TOP51
P915 58 G8 (A15)N=?/INTP6/TIP50/TOP50
Notes 1. 4PD70F3792, 70F3793, 70F3841, 70F3842 only.
2. 4PD70F3737, 70F3738, 70F3792, 70F3793 only.
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

F1: 121-pin plastic FBGA (8 x 8)
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(3/3)

Function Pin No. I/0 Description Alternate Function

GC F1
PCMO 61 F11 I/O | Port CM (refer to 4.3.8) WAIT
PCM1 62 F10 CLKOUT
PCM2 63 E10 Input/output can be specified in 1-bit units. HLDAK
PCM3 64 | E9 HLDRQ
PCTO | 65 | E8 | /O |PortCT (refer to 4.3.9) WRO
PCT1 66 | D10 WR1
PCT4 67 D9 Input/output can be specified in 1-bit units. RD
PCT6 68 | D8 ASTB
PDHO 87 cé I/O | Port DH (refer to 4.3.10) A16
PDH1 88 D6 6-bit I/O port (¢PD70F3737, 70F3738) A17
PDH2 59 F9 Input/output can be specified in 1-bit units. A18
PDH3 60 F8 5-bit I/O port («PD70F3792, 70F3793) A19
PDH4 6 F4 Input/output can be specified in 1-bit units. A20
PDH5Me | 7 G4 A21
PDLO 71 | C11 | VO |Port DL (refer to 4.3.11) ADO
PDL1 72 Cc10 16-bit I/O port AD1
PDL2 73 C9 Input/output can be specified in 1-bit units. AD2
PDL3 74 B11 AD3
PDL4 75 B10 AD4
PDL5 76 A10 AD5/FLMD1
PDL6 77 A9 AD6
PDL7 78 B9 AD7
PDL8 79 A8 AD8
PDL9 80 B8 AD9
PDL10 81 (6F:] AD10
PDL11 82 A7 AD11
PDL12 83 B7 AD12
PDL13 84 Cc7 AD13
PDL14 85 D7 AD14
PDL15 86 B6 AD15

Note PD70F3792, 70F3793, 70F3841, 70F3842 only.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

F1: 121-pin plastic FBGA (8 x 8)
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(2) Non-port functions

(1/6

Alternate Function

Function Pin No. 1’0 Description
GC F1

AQ™*? 43 H8 | Output | Address bus for external memory

At Noes 44 L9 (when using separate bus)

A2 Noe? 45 K9 N-ch open-drain output selectable.

A3"e3 46 J9 5V tolerant (AO to AB).

A4tee? 47 | L10
A5"e? 48 | K10
Ag"? 49 | K11
A7Me? 50 | J11
Ag"*? 51 | J10
AQ"? 52 | H11
A10™°* | 53 | H10
A11%e® | 54 H9
A12™e® | 55 | G11
A13™*°* | 56 | G10
A14™* | 57 | G9
A15"** | 58 G8

P90/KR6/TXDA1/SDA02

P91/KR7/RXDA1/SCL02

P92/TIP41/TOP41 (/TXDA4) N

P93/TIP40/TOP40 (/RXDA4) "t

P94/TIP31/TOP31(/TXDAS )"t

P95/TIP30/TOP30 (/RXDAS )"

P96 (/TXDCO )*/TIP21/TOP21

P97/SIB1 (/RXDCO )"**'/TIP20/TOP20

P98/SOB1

P99/SCKB1

P910/SIB3

P911/SOB3

P912/SCKB3

P913/INTP4

P914/INTP5/TIP51/TOP51

P915/INTP6/TIP50/TOP50

A16 87 C6 | Output | Address bus for external memory PDHO

A17 88 D6 PDH1

A18 59 F9 PDH2

A19 60 F8 PDH3

A20 6 F4 PDH4

A21 7 J2, PO2/NMI™*!
G4 Ebﬁs'u'olei """""""""""""""

ADO 71 C11 I/lO | Address bus/data bus for external memory PDLO

AD1 72 c10 PDLA

AD2 73 C9 PDL2

AD3 74 B11 PDL3

AD4 75 B10 PDL4

AD5 76 A10 PDL5/FLMD1

AD6 77 A9 PDL6

AD7 78 B9 PDL7

AD8 79 A8 PDL8

AD9 80 B8 PDL9

AD10 81 Cc8 PDL10

AD11 82 A7 PDL11

AD12 83 B7 PDL12

AD13 84 Cc7 PDL13

AD14 85 D7 PDL14

AD15 86 B6 PDL15

Notes1. 1PD70F3792, 70F3793, 70F3841, 70F3842 only.
2. uPD70F3737, 70F3738 only.
3. uPD70F3737, 70F3738, 70F3792, 70F3793 only.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)
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(2/6)
Function Pin No. 110 Description Alternate Function
GC F1
ADTRG 18 G3 Input | A/D converter external trigger input. 5V tolerant. PO3/INTPO (/RTC1HZ) Mt
ANIO 100 A3 Input | Analog voltage input for A/D converter P70
ANN 99 B3 P71
ANI2 98 C3 P72
ANI3 97 D3 P73
ANI4 96 A4 P74
ANI5 95 B4 P75
ANI6 94 C4 P76
ANI7 93 D4 P77
ANI8 92 A5 P78
ANI9 91 B5 P79
ANI10 90 C5 P710
ANI11 89 D5 P711
ANOO E3 | Output | Analog voltage output for D/A converter P10
ANO1 E4 P11
ASCKAO| 27 L4 | Input |UARTAO baud rate clock input. 5 V tolerant. P32/SCKB4/TIPO0/TOPOO
ASTB 68 D8 | Output | Address strobe signal output for external memory PCT6
AVrero 1 Al, - Reference voltage input for A/D converter/positive power -
A2, supply for port 7
B1
AVReF1 5 B2 Reference voltage input for D/A converter/positive power -
supply for port 1
AVss 2 Ci1, - Ground potential for A/D and D/A converters (same -
C2 potential as Vss)
CLKOU 62 F10 | Output | Internal system clock output PCM1
T
DCK 41 K8 Input | Debug clock input. 5V tolerant. P54/SOB2/KR4/RTP04
DDI 39 J7 Input | Debug data input. 5V tolerant. P52/TIQ03/KR2/TOQO3/RTP02
DDO™"* | 40 L8 | Output | Debug data output. P53/SIB2/KR3/TIQ00/TOQO0/
N-ch open-drain output selectable. 5V tolerant. RTPO3
DMS 42 J8 | Input |Debug mode selectinput. 5 V tolerant. P55/SCKB2/KR5/RTP05
DRST 20 J3 Input | Debug reset input. 5V tolerant. PO5/INTP2
EVoo 34,70| Note3 | - | Positive power supply for external (same potential as Voo) -
EVss 33,69 | Noted - Ground potential for external (same potential as Vss) -
FLMDO 8 F3 Input | Flash memory programming mode setting pin -
FLMD1 76 A10 PDL5/AD5
HLDAK | 63 | E10 | Output|Bus hold acknowledge output PCM2
HLDRQ | 64 E9 | Input |Bus hold request input PCM3
Notes 1. xPD70F3792, 70F3793, 70F3841, 70F3842 only.
2. In the on-chip debug mode, high-level output is forcibly set.
3. A11,D11,Ke6, L6, L11
4. A6,E5to E7,E11,F5t0 F7,G5t0 G7, L1, L5
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

F1: 121-pin plastic FBGA (8 x 8)

RO1UHO165EJ0900 Rev.9.00
Mar 25, 2014

RRENESAS

Page 40 of 1113



VB850ES/JG3-L CHAPTER 2 PIN FUNCTIONS
(3/6)
Function Pin No. 110 Description Alternate Function
GC F1
INTPO 18 G3 Input | External interrupt request input PO3/ADTRG (/RTC1HZ) "o
INTP1 19 H4 (maskable, analog noise elimination). P04 (/RTCDIV/RTCCL)"
INTP2 20 J3 Analog noise elimination or digital noise P0O5/DRST
INTP3 21 Ja elimination selectable for INTP3 pin. P06
INTP4 56 | G10 5V tolerant. P913 (JA13)"*®
INTP5 57 G9 P914 (/A14)"**/TIP51/TOP51
INTP6 58 G8 P915 (/A15)"*°*/TIP50/TOP50
INTP7 26 K3 P31/RXDA0/SIB4
KRO"*' 37 L7 Input | Key interrupt input (on-chip analog noise P50/TIQ01/TOQ01/RTPO0
KR1"*! 38 K7 eliminator). P51/TIQ02/TOQ02/RTPO1
KR2"*! 39 J7 5V tolerant. P52/TIQ03/TOQ03/RTP02/DDI
KR3"*! 40 L8 P53/SIB2/TIQ00/TOQ00/
RTP03/DDO
KR4"*? 41 K8 P54/SOB2/RTP04/DCK
KR5""' 42 J8 P55/SCKB2/RTP05/DMS
KR6"™*' 43 H8 P90(/A0) “**/TXDA1/SDA02
KR7"*! 44 L9 P91(/A1)""**/RXDA1/SCL02
NMIMe? 17N | J2, Input | External interrupt input (non-maskable, analog | P02 (/A21) "
7Nt | G4 Nt noise elimination).
5V tolerant.
RD 67 D9 | Output | Read strobe signal output for external memory |PCT4
REGC 10 |E1,E2 - Connection of regulator output stabilization -
capacitance (4.7 uF (recommended value))
RESET 14 H3 | Input |System resetinput -
RTC1HZ""® 18 G3 | Output | Real-time counter correction clock (1 Hz) output | PO3/INTPO/ADTRG
RTCLL""?® 19 H4 | Output | Real-time counter clock (32 kHz primary|P04/INTP1/RTCDIV
oscillation) output
RTCDIV"*® 19 H4 | Output | Real-time counter clock (32 kHz division) output | PO4/INTP1/RTCCL
RTPOO 37 L7 | Output | Real-time output port. P50/TIQ01/KRO/TOQO01
RTPO1 38 K7 N-ch open-drain output selectable. P51/TIQ02/KR1/TOQ02
RTP0O2 39 J7 5V tolerant. P52/TIQ03/KR2/TOQ03/DDI
RTPO3 40 L8 P53/SIB2/KR3/TIQ00/TOQ00/DDO
RTP0O4 41 K8 P54/SOB2/KR4/DCK
RTPO5 42 Js P55/SCKB2/KR5/DMS
Notes1. Connect a pull-up resistor externally.

2. The NMI pin alternately functions as the P02 pin.
NMI function, set the PMC0.PMCO02 bit to 1.

Select the NMI pin valid edge using the INTFO and INTRO registers.
3. pPD70F3792, 70F3793, 70F3841, 70F3842 only

b

uPD70F3737, 70F3738 only

5. uPD70F3737, 70F3738, 70F3792, 70F3793 only

Remark

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

F1: 121-pin plastic FBGA (8 x 8)

It functions as the P02 pin after reset.
The initial setting of the NMI pin is “No edge detected”.

To enable the
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(4/6)
Function Pin No. I/0 Description Alternate Function
GC F1
RXDAO 26 K3 Input | Serial receive data input (UARTAO to UARTA2) P31/INTP7/SIB4
RXDA1 44 L9 5V tolerant. P91 (/A1)*"°*KR7/SCL02
RXDA2 36 H7 P39/SCL00
RXDA3"™" | 32 J6 P37
RXDA4 """ 46 J9 P93 (/A3)""°*TIP40/TOP40
RXDA5"™"" | 48 K10 P95 (/A5)"*°*TIP30/TOP30
RXDCO™*' | 50 J11 Serial receive data input (UARTCO) P97 (/A7)"°*SIB1/TIP20/TOP20
RVop "' 17 D2 - | Positive power supply for RTC (same potential as Vop) -
SCKBO 24 L2 /0 | Serial clock I/O (CSIBO to CSIB4) P42
SCKB1 52 | Hi1 N-ch open-drain output selectable. P99 (/A9)""**
SCKB2 42 Js 5V tolerant. P55/KR5/RTP05/DMS
SCKB3 55 | G11 P912 (/A12)" "2
SCKB4 27 L4 P32/ASCKAOQ/TIPOO/TOPO0
SCLO0 36 H7 I/O | Serial clock 1/O (I*C00 to I°C02) P39/RXDA2
SCLO1 23 K2 N-ch open-drain output selectable. P41/SOBO0O
SCLO2 44 L9 5V tolerant. P91 (/A1)"°*/KR7/RXDA1
SDA0O 35 H6 I/O |Serial transmit/receive data 1/O (°C00 to I°C02) P38/TXDA2
SDAO1 22 K1 N-ch open-drain output selectable. P40/SIBO
SDA02 43 Hs 5V tolerant. P90 (/A0)"°*/KR6/TXDA1
SIBO 22 K1 Input | Serial receive data input (CSIBO to CSIB4) P40/SDAO1
SIB1 50 | J11 5V tolerant. P97 (/A7)"™"°* (/RXDCO )"’
/TIP20/TOP20
SiB2 40 L8 P53/KR3/TIQ00/TOQO0/RTPO3/
DDO
SIB3 53 | H10 P910 (/A10)""?
SiB4 26 K3 P31/RXDA0/INTP7
SOBO 23 K2 | Output | Serial transmit data output (CSIBO to CSIB4) P41/SCLO1
SOB1 51 J10 N-ch open-drain output selectable. P98 (/A8)"*°*
SOB2 41 K8 5V tolerant. P54/KR4/RTP04/DCK
SOB3 54 H9 P911 (JA11)""°?
SOB4 25 L3 P30/TXDAO
Notes 1. 4PD70F3792, 70F3793, 70F3841, 70F3842 only.

2.

Remark

uPD70F3737, 70F3738, 70F3792, 70F3793 only.

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)
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(5/6)
Function Pin No. I/0 Description Alternate Function
GC F1
TIPOO 27 L4 Input | External event count input/capture trigger input/external | P32/ASCKA0/SCKB4/TOP00
trigger input (TMPO).
5V tolerant.
TIPO1 28 K4 Capture trigger input (TMPO). P33/TOPO1
5V tolerant.
TIP10 29 K5 External event count input/capture trigger input/external | P34/TOP10
trigger input (TMP1).
5V tolerant.
TIP11 30 J5 Capture trigger input (TMP1). P35/TOP11
5V tolerant.
TIP20 50 J11 External event count input/capture trigger input/external | P97 (/A7)"°‘e/S|B1 /TOP20
trigger input (TMP2).
5V tolerant.
TIP21 49 | K11 Capture trigger input (TMP2). P96 (/A6)"*/TOP21
5V tolerant.
TIP30 48 K10 External event count input/capture trigger input/external | P95 (/A5)"°'efl' OP30
trigger input (TMP3).
5V tolerant.
TIP31 47 | L10 Capture trigger input (TMP3). P94 (/A4)"“/TOP31
5V tolerant.
TIP40 46 J9 External event count input/capture trigger input/external | P93 (/A3)"*/TOP40
trigger input (TMP4).
5V tolerant.
TIP41 45 K9 Capture trigger input (TMP4). P92 (/A2)"/TOP41
5V tolerant.
TIP50 58 G8 External event count input/capture trigger input/external | P915 (/A15)"°‘e/INTP6/TOP50
trigger input (TMP5).
5V tolerant.
TIP51 57 G9 Capture trigger input (TMP5). P914 (/A14)""/INTP5/TOP51
5V tolerant.
TIQO0 40 L8 Input | External event count input/capture trigger input/external | P53/SIB2/KR3/TOQ00/RTP03
trigger input (TMQO). /DDO
5V tolerant.
TIQO1 37 L7 Capture trigger input (TMQO). P50/KR0O/TOQO01/RTP0O0
TIQO2 38 K7 5V tolerant. P51/KR1/TOQ02/RTPO1
TIQO3 39 J7 P52/KR2/TOQO03/RTP02/DDI

Note PD70F3737, 70F3738,

70F3792, 70F3793 only.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)
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(6/6)
Function Pin No. /10 Description Alternate Function
GC F1
TOP0O 27 L4 Output | Timer output (TMPO) P32/ASCKAO/SCKB4/TIPOO
TOPO1 28 K4 N-ch open-drain output selectable. 5V tolerant. P33/TIPO1
TOP10 29 K5 Timer output (TMP1) P34/TIP10
TOP11 30 J5 N-ch open-drain output selectable. 5V tolerant. P35/TIP11
TOP20 50 J11 Timer output (TMP2) P97 (/A7)""°*/SIB1/TIP20
TOP21 49 K11 N-ch open-drain output selectable. 5 V tolerant. P96 (/AB)""°*/TIP21
TOP30 48 K10 Timer output (TMP3) P95 (/A5)"*°*TIP30
TOP31 47 L10 N-ch open-drain output selectable. 5 V tolerant. P94 (/A4)V*°*TIP31
TOP40 46 J9 Timer output (TMP4) P93 (/A3)"°*TIP40
TOP41 45 K9 N-ch open-drain output selectable. 5V tolerant. P92 (/A2)"°*/TIP41
TOP50 58 G8 Timer output (TMP5) P915 (/A15)""*INTP6/TIP50
TOP51 57 G9 N-ch open-drain output selectable. 5 V tolerant. P914 (/A14)"**INTP5/TIP51
TOQO00 40 L8 Output | Timer output (TMQO) P53/SIB2/KR3/TIQO0/RTPO3/
N-ch open-drain output selectable. DDO
TOQO1 37 L7 5V tolerant. P50/TIQ01/KRO/RTPOO
TOQO02 38 K7 P51/TIQ02/KR1/RTPO1
TOQO3 39 J7 P52/TIQ03/KR2/RTP02/DDI
TXDAO 25 L3 Output | Serial transmit data output (UARTAO to UARTAS5) | P30/SOB4
TXDAT1 43 | H8 N-ch open-drain output selectable. P90 (/A0)"**/KR6/SDA02
TXDA2 35 H6 5V tolerant. P38/SDA00
TXDA3™*' | 31 H5 P36
TXDA4™*" | 45 K9 P92 (/A2)""**/TIP41/TOP41
TXDA5"™*" | 47 | L10 P94 (/A4)"*/TIP31/TOP31
TXDCOM"' | 49 K11 Serial transmit data output (UVARTAC) P96 (/A6)"*/TIP21/TOP21
N-ch open-drain output selectable.
5V tolerant.
Vop 9 D1, - Positive power supply pin for internal circuits -
D2
Vss 11 G1, - Ground potential for internal circuits -
G2,
J1
— 61 F11 Input External wait input PCMO
WAIT
WRo 65 E8 Output | Write strobe for external memory (lower 8 bits) PCTO
WR1 66 D10 Write strove for external memory (higher 8 bits) PCTA
X1 12 F1 Input | Connection of resonator for main clock -
X2 13 F2 - -
XT1 15 H1 Input Connection of resonator for subclock -
XT2 16 H2 - -
Notes 1. ;/PD70F3792, 70F3793, 70F3841, 70F3842 only.
2. PD70F3737, 70F3738, 70F3792, 70F3793 only.
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)
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2.2 Pin States

The operation states of pins in the various modes are described below.

Table 2-2. Pin Operation States in Various Modes

Pin Name When Power | During Reset | HALT Mode"™** IDLEA1, STOP Idle Bus Hold | RTC Back up
Is Turned | (Except When IDLE2, | Mode"™? | StateM™°® mode "**
on™*! Power Is Sub-IDLE
Turned On) Mode""*?
PO5/DRST Pulled down Pulled Held Held Held Held Held Undefined "*°
down"*°®

P10/ANOO, Undefined Hi-Z Held Held Hi-Z Held Held

P11/ANO1

P53/DDO Hi-Z"" Held Held Held Held Held

ADO to AD15 Hi-Z""°* Hi-Z""°* Notes 9, 10 Hi-Z Hi-Z Held Hi-Z

A0 to A15 Undefined"=*"

A16 to A21 Undefined""*®

‘WAIT - - - - -

CLKOUT Operating L L Operating | Operating

‘WRO0, WRT Hee? H H Hi-Z

RD

ASTB

HLDAK Operating™**® L

‘HLDRQ - - - Operating

Other port pins Hi-Z Hi-Z Held Held Held Held Held
Notes 1. Duration until 1 ms elapses after the supply voltage reaches the operating supply voltage range (lower

limit) when the power is turned on.

2. Operates while an alternate function is operating.

3. In separate bus mode, the state of the pins in the idle state inserted after the T2 state is shown. In

multiplexed bus mode, the state of the pins in the idle state inserted after the T3 state is shown (only after

a read operation).
4. PD70F3792, 70F3793, 70F3841, 70F3842 only.
5. Pulled down during external reset.

state of this pin differs according to the OCDM.OCDMO bit setting.
6. Because the Vop and EVop voltages are less than the minimum operating voltage, the pin status is

undefined.
7. DDO output is specified in the on-chip debug mode.
8. The bus control pins function alternately as port pins, so they are initialized to the input mode (port mode).

9. Operates even in the HALT mode, during DMA operation.

In separate bus mode:
In multiplexed bus mode:

Hi-Z

11. In separate bus mode

Remark

L:
H:

Hi-Z:

High impedance
Held: The state during the immediately preceding external bus cycle is held.

Low-level output
High-level output
Input without sampling (not acknowledged)

Undefined

During internal reset by the watchdog timer, clock monitor, etc., the
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2.3 Pin /O Circuit Types, I/0O Buffer Power Supplies, and Connection of Unused Pins

(1/3)
Pin Alternate Function Pin No. I/O Circuit Recommended Connection of Unused Pin
GC F1 Type
P02 NMI (/A21) Nete? 17N | J2, 10-D Input:  Independently connect to EVoo or EVss
7N | Gt via a resistor.
PO3 INTPO/ADTRG (/RTC1HZ)t" 18 | G3 Output: Leave open.
P04 INTP1 (/RTCDIV/RTCLL) Ne*! 19 H4
P05 INTP2/DRST 20 J3 10-N Input:  Independently connect to EVss via a
resistor. Fixing to Voo level is
prohibited.
Output: Leave open.
Internally pull-down after reset by
RESET pin.
P06 INTP3 21 J4 10-D Input:  Independently connect to EVoo or EVss
via a resistor.
Output: Leave open.
P10, P11 | ANOO, ANO1 3,4 |E3,E4 12-D Input:  Independently connect to AVRer1 or
AVss via a resistor.
Output: Leave open.
P30 TXDAO0/SOB4 25 L3 10-G Input:  Independently connect to EVob or EVss
P31 RXDAO/INTP7/SIB4 26 K3 10-D via a resistor.
P32 ASCKAO0/SCKB4/TIP00 27 L4 Output: Leave open.
P33 TIPO1/TOPO1 28 K4
P34 TIP10/TOP10 29 K5
P35 TIP11/TOP11 30 J5
P36 TXDAZMete! 31 H5 10-G,
P37 RXDA3 et 32 J6 10-D Mot
P38 TXDA2/SDA0O 35 H6 10-D
P39 RXDA2/SCL00 36 H7
P40 SIB0/SDAO1 22 K1
P41 SOBO0/SCLO1 23 K2
P42 SCKBO 24 L2
P50 TIQ01/KRO/TOQO1/RTP0O 37 L7
P51 TIQ02/KR1/TOQ02/RTPO1 38 K7
P52 TIQ03/KR2/TOQ03 39 J7
/RTP02/DDI
P53 SIB2/KR3/TIQ00/TOQ00 40 L8
/RTP03/DDO
P54 SOB2/KR4/RTP04/DCK 41 K8
P55 SCKB2/KR5/RTPO5/ 42 | U8
DMS
Notes1. PD70F3792, 70F3793, 70F3841, 70F3842 only.
2. 4PD70F3737, 70F3738 only.
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)
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(2/3)
Pin Alternate Function Pin No. I/0 Circuit | Recommended Connection of Unused Pin
GC F1 Type
P70 to ANIO to ANI11 100 to 89 | A3 to A5, 11-G Input:  Independently connect to AVrero
P711 B3 to B5, or AVss via a resistor.
C3to C5, Output: Leave open.
D3 to D5
P90 (A0) N*/KR6/TDXA1/SDA02 43 H8 10-D Input:  Independently connect to EVoo or
P91 (A1)"/KR7/RXDA1/SCL02 44 L9 EVss via a resistor.
P92 (A2)"=/TIP41/TOP41 (JTXDA4) " 45 K9 Output: Leave open.
P93 (A3)"=/TIP40/TOP40 (/RXDA4) "' 46 J9
P94 (A4)"=/TIP31/TOP31 (/TXDAS) "= 47 L10
P95 (AB) M=/ TIP30/TOP30 (/RXDAS) Netet 48 K10
P96 (AB)"= (/TXDCO)"=/TIP21 49 K11
/TOP21
P97 (A7)%=/SIB1 (/RXDCO) "ot 50 J11
/TIP20/TOP20
P98 (A8)"=%/SOB1 51 J10 10-G
P99 (A9)N=3/SCKB1 52 H11 10-D
P910 (A10)"%/SIB3 53 H10
P911 (A11)"=/SOB3 54 H9 10-G
P912 (A12)"=/SCKB3 55 G11 10-D
P913 (A13)%/INTP4 56 G10
P914 (A14)N/INTP5/TIP51/TOP51 57 G9
P915 (A15)N=/INTP6/TIP50/TOP50 58 G8
PCMO WAIT 61 F11 5
PCMA1 CLKOUT 62 F10
PCM2 HLDAK 63 E10
PCM3 HLDRQ 64 E9
PCTO, 'WRO, WR1 65,66 | E8, D10
PCT1
PCT4 RD 67 D9
PCT6 ASTB 68 D8
PDHOto |A16to A20 87,88, | C6, D,
PDH4 59, 60, 6 |F9, F8, F4
PDH5 N2 | A21 7 G4
PDLO to ADO to AD4 711075 |B10, B11,
PDL4 C9to C11
PDL5 AD5/FLMD1 76 A10
Notes1. 4PD70F3792, 70F3793, 70F3841, 70F3842 only.
2. 4PD70F3737, 70F3738 only.
3. uPD70F3737, 70F3738, 70F3792, 70F3793 only.
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)
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(3/3)
Pin Alternate Function Pin No. I/O Circuit Recommended Connection of Unused Pin
GC F1 Type
PDL6 to ADG6 to AD15 771086 | A7 to A9, 5 Input:  Independently connect to EVop or EVss via a
PDL15 B6 to B9, resistor.
C7,C8, D7 Output: Leave open.
RVop "' - 17 D2 - Directly connect to Voo and always supply power.
AVRero - 1 A1, A2, - Directly connect to Voo and always supply power.
B1
AVREeF1 - 5 B2 - Directly connect to Voo and always supply power.
AVss - 2 Ct1,C2 - Directly connect to Vss and always supply power.
EVop - 34,70 A11,D11, - Directly connect to Voo and always supply power.
K6, L11,L6
EVss - 33, 69 Note2 - Directly connect to Vss and always supply power.
FLMDO - 8 F3 - Directly connect to Vss in a mode other than the flash
memory programming mode.
REGC - 10 E1, E2 - Connection of regulator output stabilization capacitance
(4.7 uF (recommended value))
RESET - 14 H3 2 -
Vob - 9 D1, D2 - -
Vss - 11 G1, - -
G2, J1
X1 - 12 F1 - -
X2 - 13 F2 - -
XT1 - 15 HA1 16-C Connect to Vss.
XT2 - 16 H2 16-C Leave open.
Notes1. PD70F3792, 70F3793, 70F3841, 70F3842 only.
2. A6,E5toE7,E11,F5t0 F7, G5to G7,L1,L5
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)
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Figure 2-1. Pin I/O Circuits

Type 2 Type 10-N
EVoo
Data —
INO ﬂ :| b—| P-ch
[ ? »—0O
IN/OUT
Open drai IN/OUT
Output N-ch
Schmitt-triggered input with hysteresis characteristics disable
Note EVss
<:.-ﬂ *
Input

Type 5
EVoo enable 5opmo bit 4|<7N-ch

Output N-ch
disable

——0

Type 11-
INJOUT ype 11-G

AVrero

EVss Data :DD—' P-ch
——O
Input IN/OUT
Output

enable N-ch

disable

Type 10-D AVss
EVoo

Comparator P-ch
Data 4«:[33_| P-ch f ‘ 3
S N-ch

a 1L
Open drain INJOUT VReFo AV
Output N-ch (Threshold voltage) s

e -
le

A

Note EVss Input enab
<
Input Type 12-D
enable AVrert
Type 10-G Data 7:D—| lgl;ch
EVop
IN/OUT
Output [=—N-ch
Data 44:[}_| P-ch disable
> o AVss
Open drain IN/OUT Input %
Output N-ch enable P-ch L
disable
Analog output
EVss voltage  N-ch
T SR il
Input
enable Type 16-C
Feedback cut-off
P-ch
D>
@]
XT1 XT2
Note Hysteresis characteristics are not available in port mode.
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2.4 Cautions
When the power is turned on, the following pins may output an undefined level temporarily even during reset.
e P10/ANOO pin

e P11/ANO1 pin
« P53/SIB2/KR3/TIQ00/TOQ00/RTP03/DDO pin

ROTUHO165EJ0900 Rev.9.00 YTEELE
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CHAPTER 3 CPU FUNCTION

The CPU of the VB50ES/JG3-L is based on RISC architecture and executes almost all instructions in one clock
cycle by using a 5-stage pipeline.

3.1 Features

O Variable length instructions (16 bits/32 bits)
O Minimum instruction execution time: 50 ns (operating on main clock (fxx) of 20 MHz: Voo = 2.7 to 3.6 V)
200 ns (operating on main clock (fxx) of 5 MHz: Vob = 2.2 to 3.6 V)
400 ns (operating on main clock (fxx) of 2.5 MHz: Vop = 2.0 to 3.6 V)"
30.5 us (operating on subclock (fxt) of 32.768 kHz)
O Memory space Program space: 64 MB linear
Data space: 4 GB linear
O General-purpose registers: 32 bits x 32 registers
O Internal 32-bit architecture
O 5-stage pipeline control
O Multiplication/division instruction
O Saturation operation instruction
O 32-bit shift instruction: 1 clock
O Load/store instruction with long/short format
O Four types of bit manipulation instructions
e SET1
e CLR1
e NOT1
e TST1

Note x PD70F3792, 70F3793, 70F3841, 70F3842 only
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3.2 CPU Register Set

The registers of the V850ES/JG3-L can be classified into two types: general-purpose program registers and
dedicated system registers. All the registers are 32 bits wide.
For details, refer to the VB50ES Architecture User’s Manual.

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

31 General-purpose registers 0 31 0

r0 (Zero register) EIPC (Interrupt status saving register)

r1 (Assembler-reserved register) EIPSW (Interrupt status saving register)
r2

r3 (Stack pointer (SP)) FEPC  (NMI status saving register)

r4 (Global pointer (GP)) FEPSW (NMI status saving register)
r5 (Text pointer (TP))

6
r7
r8
r9
r10
ri1
ri2
r13
r14
r15
r16
r7 CTBP  (CALLT base pointer) |
r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

r30 (Element pointer (EP))
r31 (Link pointer (LP))

| ECR (Interrupt source register) |

PSW (Program status word) |

CTPC  (CALLT execution status saving register)

CTPSW (CALLT execution status saving register)

DBPC (Exception/debug trap status saving register)

DBPSW (Exception/debug trap status saving register)

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

The program registers include general-purpose registers and a program counter.

(1) General-purpose registers (r0 to r31)
Thirty-two general-purpose registers, r0 to r31, are available. Any of these registers can be used to store a
data variable or an address variable.

However, r0 and r30 are implicitly used by instructions and care must be exercised when these registers are

used.

r0 always holds 0 and is used for an operation that uses 0 or addressing of offset 0. r30 is used by

the SLD and SST instructions as a base pointer when these instructions access the memory. r1, r3 to r5,
and r31 are implicitly used by the assembler and C compiler. When using these registers, save their
contents for protection, and then restore the contents after using the registers. r2 is sometimes used by the

real-time OS. If the real-time OS does not use r2, it can be used as a register for variables.
Table 3-1. Program Registers

Name Usage Operation
ro Zero register Always holds 0.
r1 Assembler-reserved register Used as working register to create 32-bit immediate data
r2 Register for address/data variable (if real-time OS does not use r2)
r3 Stack pointer Used to create a stack frame when a function is called
r4 Global pointer Used to access a global variable in the data area
r5 Text pointer Used as register that indicates the beginning of a text area (area where

program codes are located)

r6 to r29 Register for address/data variable
r30 Element pointer Used as base pointer to access memory
r31 Link pointer Used when the compiler calls a function
PC Program counter Holds the instruction address during program execution

Remark For further details on the r1, r3 to r5, and r31 that are used in the assembler and C compiler, refer
to the CA850 (C Compiler Package) Assembly Language User’s Manual.

(2) Program counter (PC)
The program counter holds the instruction address during program execution. The lower 32 bits of this
register are valid. Bits 31 to 26 are fixed to 0. A carry from bit 25 to 26 is ignored even if it occurs.

Bit O is fixed to 0. This means that execution cannot branch to an odd address.

31 2625 10
T 1 1 T 1 11 1 11171 1T 1T 1T 1T 11T 1T 1T T T T T 1 111 Default value
PC Fixed to 0 Instruction address during program execution 0 00000000H
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3.2.2 System register set

The system registers control the status of the CPU and hold interrupt information.

These registers can be read or written by using system register load/store instructions (LDSR and STSR), using
the system register numbers listed below.

Table 3-2. System Register Numbers

System System Register Name Operand Specification
Register LDSR Instruction | STSR Instruction
Number
0 Interrupt status saving register (EIPC)"*’ v S
1 Interrupt status saving register (EIPSW)"*’ N N
2 NMI status saving register (FEPC)"*" N \/
3 NMI status saving register (FEPSW)"*" v \/
4 Interrupt source register (ECR) x N
5 Program status word (PSW) v J
6to 15 | Reserved for future function expansion (operation is not guaranteed if these x X
registers are accessed)
16 CALLT execution status saving register (CTPC) N \
17 CALLT execution status saving register (CTPSW) N N
18 Exception/debug trap status saving register (DBPC) rete? o2
19 Exception/debug trap status saving register (DBPSW) e et
20 CALLT base pointer (CTBP) N N
21to 31 | Reserved for future function expansion (operation is not guaranteed if these x x

registers are accessed)

Notes 1. Because only one set of these registers is available, the contents of these registers must be saved by
program if multiple interrupts are enabled.
2. These registers can be accessed only during the interval between the execution of the DBTRAP
instruction or illegal opcode and DBRET instruction execution.

Caution Even if EIPC or FEPC, or bit 0 of CTPC is set to 1 by the LDSR instruction, bit 0 is ignored when
execution is returned to the main routine by the RETI instruction after interrupt servicing (this is
because bit 0 of the PC is fixed to 0). Set an even value to EIPC, FEPC, and CTPC (bit 0 = 0).

Remark +: Can be accessed
x: Access prohibited
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(1) Interrupt status saving registers (EIPC and EIPSW)
EIPC and EIPSW are used to save the status when an interrupt occurs.
If a software exception or a maskable interrupt occurs, the contents of the program counter (PC) are saved to
EIPC, and the contents of the program status word (PSW) are saved to EIPSW (these contents are saved to
the NMI status saving registers (FEPC and FEPSW) if a non-maskable interrupt occurs).
The address of the instruction next to the instruction under execution, except some instructions (see 21.9
Periods in Which Interrupts Are Not Acknowledged by CPU), is saved to EIPC when a software exception
or a maskable interrupt occurs.
The current contents of the PSW are saved to EIPSW.
Because only one set of interrupt status saving registers is available, the contents of these registers must be
saved by program when multiple interrupts are enabled.
Bits 31 to 26 of EIPC and bits 31 to 8 of EIPSW are reserved for future function expansion (these bits are
always fixed to 0).
The value of EIPC is restored to the PC and the value of EIPSW to the PSW by the RET]I instruction.

31 2625 0
L L L L L L L L L L L Default value
EIPC olololololo (Contents of saved PC) 0xxxxXxxxH
(x: Undefined)

31 8 7 0

1 T T 1 11

(Contents of Default value
EIPSW o|ojolo|0|O|0O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O saved PSW) 000000xxH

(x: Undefined)
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(2) NMI status saving registers (FEPC and FEPSW)
FEPC and FEPSW are used to save the status when a non-maskable interrupt (NMI) occurs.
If an NMI occurs, the contents of the program counter (PC) are saved to FEPC, and those of the program
status word (PSW) are saved to FEPSW.
The address of the instruction next to the one of the instruction under execution, except some instructions, is
saved to FEPC when an NMI occurs.
The current contents of the PSW are saved to FEPSW.
Because only one set of NMI status saving registers is available, the contents of these registers must be
saved by program when multiple interrupts are enabled (for multiple interrupt servicing using the NMI pin and
the INTWDT2 interrupt request signal).
Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved for future function expansion (these bits are
always fixed to 0).
The value of FEPC is restored to the PC and the value of FEPSW to the PSW by the RETI instruction.

31 2625 0
B B B B B ) B B O B O B B B
Default value
FEPC 0|0|0|0|0|0O (Contents of saved PC) 03000000
(x: Undefined)
31 8 7 0
1 T T T 11
(Contents of Default value
FEPSW o|oj0j0|0|0|0O|O|O|O(O|O|O|O|O|O|O|O|O|O|O|O|0O]|O saved PSW) 000000xxH

(x: Undefined)

(3) Interrupt source register (ECR)
The interrupt source register (ECR) holds the source of an exception or interrupt if an exception or interrupt
occurs. This register holds the exception code of each interrupt source. Because this register is a
read-only register, data cannot be written to this register using the LDSR instruction.

31 1615 0
con [ R B \FE\CC\ L B L R B \EIC\:C\ L R B Detault value
00000000H
Bit position Bit name Meaning
31t0 16 FECC Exception code of non-maskable interrupt (NMI)
15t00 EICC Exception code of exception or maskable interrupt
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(4) Program status word (PSW)

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

If the contents of a bit of this register are changed by using the LDSR instruction, the new contents are
validated immediately after completion of LDSR instruction execution. However if the ID flag is set to 1,
interrupt requests will not be acknowledged while the LDSR instruction is being executed.

Bits 31 to 8 of this register are reserved for future function expansion (these bits are fixed to 0).

(1/2)

PSW 0/0/0/0|0(0|0|0|0|0(0|0O|0|O|0|0O|0O(0|O|0|O|0O|0O|O|NPEP|IDSATICY[OV|S

31 876543210

Default value
00000020H

N

Bit position Flag name Meaning

7

NP Indicates that a non-maskable interrupt (NMI) is being serviced. This bit is set to 1 when an
NMI request is acknowledged, disabling multiple interrupts.

0: NMl is not being serviced.

1: NMI is being serviced.

EP Indicates that an exception is being processed. This bit is set to 1 when an exception occurs.
Even if this bit is set, interrupt requests are acknowledged.

0: Exception is not being processed.

1: Exception is being processed.

ID Indicates whether a maskable interrupt can be acknowledged.
0: Interrupt enabled
1: Interrupt disabled

SAT™" Indicates that the result of a saturation operation has overflowed and is saturated. Because
this is a cumulative flag, it is set to 1 when the result of a saturation operation instruction is
saturated, and is not cleared to 0 even if the subsequent operation result is not saturated.
Use the LDSR instruction to clear this bit. This flag is neither set to 1 nor cleared to 0 by
execution of an arithmetic operation instruction.

0: Not saturated

1: Saturated

CcY Indicates whether a carry or a borrow occurs as a result of an operation.
0: Carry or borrow does not occur.
1: Carry or borrow occurs.

ov™e Indicates whether an overflow occurs during operation.
0: Overflow does not occur.
1: Overflow occurs.

g Indicates whether the result of an operation is negative.
0: The result is positive or 0.
1: The result is negative.

4 Indicates whether the result of an operation is 0.
0: The result is not 0.
1: The resultis 0.

Remark Also read Note on the next page.
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(212)

Note The result of the operation that has performed saturation processing is determined by the contents of the

OV and S flags.

performed.

The SAT flag is set to 1 only when the OV flag is set to 1 when a saturation operation is

Status of Operation Result Flag Status Result of Operation of
SAT oV S Saturation Processing
Maximum positive value is exceeded 1 1 0 7FFFFFFFH
Maximum negative value is exceeded 1 1 1 80000000H
Positive (maximum value is not exceeded) Holds value 0 0 Operation result itself
Negative (maximum value is not exceeded) before operation 1

(5) CALLT execution status saving registers (CTPC and CTPSW)

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

The current contents of the PSW are saved to CTPSW.

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

31 2625
!

CTPC ojojojojo|o

(Saved PC contents)

31

8 7

CTPSW o|ojofo|j0|0|0O|0O|0O]|O

L B
(Saved PSW
contents)

Default value
OXXXXXXXH
(x: Undefined)

Default value
000000xxH
(x: Undefined)

RO1UHO165EJ0900 Rev.9.00
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(6) Exception/debug trap status saving registers (DBPC and DBPSW)
DBPC and DBPSW are exception/debug trap status registers.
If an exception trap or debug trap occurs, the contents of the program counter (PC) are saved to DBPC, and
those of the program status word (PSW) are saved to DBPSW.
The contents to be saved to DBPC are the address of the instruction next to the one that is being executed
when an exception trap or debug trap occurs.
The current contents of the PSW are saved to DBPSW.
This register can be read or written only during the interval between the execution of the DBTRAP instruction
or illegal opcode and the DBRET instruction.
Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved for future function expansion (fixed to 0).
The value of DBPC is restored to the PC and the value of DBPSW to the PSW by the DBRET instruction.

31 2625 0
L L L L L L L Default value
DBPC olololololo (Saved PC contents) OxxxXxXXxxH
(x: Undefined)

31 8 7 0

T T T T T 1

(Saved PSW Default value
DBPSW o|o|ofo|o|0|0O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O contents) 000000xxH

(x: Undefined)

(7) CALLT base pointer (CTBP)
The CALLT base pointer (CTBP) is used to specify a table address or generate a target address (bit O is fixed
to 0).
Bits 31 to 26 of this register are reserved for future function expansion (fixed to 0).

31 2625 0
S S S O S B B ) B S O N B N B B Detault value
CTBP 0|0|0|0|0]|0O (Base address) 0 OXXXXXXXH
(x: Undefined)
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3.3 Operation Modes

The V850ES/JG3-L has the following operation modes.

¢ Normal operation mode

¢ Flash memory programming mode
¢ Self programming mode
¢ On-chip debug mode

The operation mode is specified according to the status (input level) of the FLMDO and FLMD1 pins.

To specify the normal operation mode, input a low level to the FLMDO pin during the reset period.

A high level is input to the FLMDO pin by the flash memory programmer in the flash memory programming mode if

a flash programmer is connected. In the self-programming mode, input a high level to this pin from an external

circuit.

Fix the specification of these pins in the application system and do not change the setting of these pins during

operation.
FLMDO FLMD1 Operation Mode

L X Normal operation mode

H L Flash memory programming mode

H H Setting prohibited

Remark H: High level
L: Low level
x: don’t care
(1) Normal operation mode

)

©)

(4)

After the system has been released from the reset state, the pins related to the bus interface are set to the
port mode, execution branches to the reset entry address of the internal ROM, and instruction processing is
started.

Flash memory programming mode
When this mode is specified, the internal flash memory can be programmed by using a flash programmer.

Self programming mode
Data can be erased and written from/to the flash memory by using a user application program. For details,
see CHAPTER 30 FLASH MEMORY.

On-chip debug mode

The V850ES/JGS3-L is provided with an on-chip debug function that employs the JTAG (Joint Test Action
Group) communication specifications.

For details, see CHAPTER 31 ON-CHIP DEBUG FUNCTION.
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3.4 Address Space

3.4.1 CPU address space

For instruction addressing, up to a combined total of 16 MB of external memory area and internal ROM area, plus
an internal RAM area, are supported in a linear address space (program space) of up to 64 MB. For operand
addressing (data access), up to 4 GB of a linear address space (data space) is supported. The 4 GB address space,
however, is viewed as 64 images of a 64 MB physical address space. This means that the same 64 MB physical
address space is accessed regardless of the value of bits 31 to 26.

Figure 3-1. Address Space Image

Data space

= Image 63Nt 4

-~ Image 62N°t =~

4GB

* Image 2Note *

Program space

~o et Note et
Access-prohibited area T Image 1

On-chip peripheral I/0 area

Internal RAM area

Internal RAM area

Access-prohibited area

64 MB| Access-prohibited area

Image 0
External memory area, etc
16 MB External memory area, etc
Internal ROM area 16 MB
(external memory)
Internal ROM area

S~ (external memory)

Note Image 0 appears repeatedly for images 1 to 63.
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3.4.2 Memory map
The areas shown below are reserved in the VB50ES/JG3-L.

Figure 3-2. Data Memory Map (Physical Addresses) (z PD70F3737, 70F3738, 70F3793, 70F3793)

FFFFFFFFH
Image 63
FC000000H
FBFFFFFFH
Image 62
F8000000H
F7FFFFFFH
Image 61 e
F4000000H 03FFFFFFH OmmmmfﬁngOm% 03FFFFFFH
F3FFFFFFH : (64 KB) (4 KB) 03FFFOOOH
! 03FFEFFFH
Image 60 !
03FF0000H .
F0000000H 03FEFFFFH s
EFFFFFFFH ! N Internal RAM area
! K (60 KB)
: \ 03FFO0000H
! Use prohibited
01000000H
00FFFFFFH
," External memory
10000000H areahote!
OFFFFFFFH ! (14 MB)
Image 3
0C000000H :
OBFFFFFFH !
Image 2 '
08000000H :
07FFFFFFH ! -
Image 1 ! External memory | 00 1FFFFFH
‘: ,:' areaNole1
04000000H -/ 00200000H L (1 MB) 00100000H
Image 0 001FFFFFH Internal ROM 000FFFFFH
(Physical memory (2 MB) areaNote2
address
00000000H o o0000000Hl [ (1 MB) 00000000H
Notes1l. The V850ES/JG3-L has 22 address pins, so the external memory area appears as a repeated 4 MB
image.
2. Fetch and read accesses to addresses 00000000H to 000FFFFFH are made to the internal ROM area.
However, data write accesses to these addresses are made to the external memory area.
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Figure 3-3. Data Memory Map (Physical Addresses) (uz PD70F3841, 70F3842)
FFFFFFFFH
Image 63
FC000000H
FBFFFFFFH
Image 62
F8000000H
F7FFFFFFH
Image 61 e
F4000000H 03FFFFfFH On-chippe:p;gall/Oarea 03FFFFFFH
F3FFFFFFH : (64 KB) (4 KB) 03FFF000H
! 03FFEFFFH
Image 60 '
03FFO0000H o
F0O000000H 03FEFFFFH 3
EFFFFFFFH H s Internal RAM area
; \ (60 KB)
; \ 03FF0000H
H Use prohibited
01000000H
00FFFFFFH
," External memory
10000000H : areaete’
OFFFFFFFH ! (12 MB) ----
Image 3 ; / Expanded internal 003FFFFFH
: : RAM area(24 KB)
00000000 ,. : 003FA000H
0BFFFFFFH : !
! ! Use prohibited
Image 2 ! /
08000000H : A 00200000H
07FFFFFFH 1 00400000H N
! 003FFFFFH " 001FFFFFH
Image 1 | b External memory
(2 MB) arealote
Sgﬁggﬁgﬁﬂ --=1 00200000H . (1 MB) 00100000H
Image 0 001FFFFFH Internal ROM 000FFFFFH
(Physical memory (2 MB) areah°te?
address
00000000H A 00000000H) ) (1 M8) 00000000H
Notes 1. The V850ES/JG3-L has 22 address pins, so the external memory area appears as a repeated 4 MB
image.
2. Fetch and read accesses to addresses 00000000H to O00FFFFFH are made to the internal ROM area
However, data write accesses to these addresses are made to the external memory area.
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Figure 3-4. Program Memory Map (x PD70F3737, 70F3738, 70F3793, 70F3793)

03FFFFFFH

03FFF000H
03FFEFFFH

03FF0000H
03FEFFFFH

01000000H
00FFFFFFH

00200000H
001FFFFFH

00100000H
000FFFFFH

00000000H

Use prohibited
(program fetch prohibited area)

Internal RAM area (60 KB)

Use prohibited
(program fetch prohibited area)

External memory areaN°te
(14 MB)

External memory areaN°t®

MB)

Internal ROM area
(1 MB)

Note The V850ES/JG3-L has 22 address pins, so the external memory area appears as a repeated 4 MB

image.
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Figure 3-5. Program Memory Map (z PD70F3841, 70F3842)

03FFFFFFH

03FFF000H
03FFEFFFH

03FF0000H
03FEFFFFH

01000000H
00FFFFFFH

00400000H
003FFFFFH

00200000H
001FFFFFH

00100000H
000FFFFFH

00000000H

Use prohibited
(program fetch prohibited area)

Internal RAM area (60 KB)

Use prohibited
(program fetch prohibited area)

External memory areaN°te
(12 MB)

Use prohibited
(program fetch prohibited area)

External memory areaN°t®

MB)

Internal ROM area
(1 MB)

Note The V850ES/JG3-L has 22 address pins, so the external memory area appears as a repeated 4 MB

image.
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3.4.3 Areas

(1) Internal ROM area
Up to 1 MB is reserved as an internal ROM area.

(a) Internal ROM (128 KB)
128 KB are allocated to addresses 00000000H to 0001FFFFH in the /PD70F3737.
Accessing addresses 00020000H to 000FFFFFH is prohibited.

Figure 3-6. Internal ROM Area (128 KB)

000FFFFFH

L. Access-prohibited L

7 area 7
00020000H
0001FFFFH

Internal ROM
(128 KB)

00000000H

(b) Internal ROM (256 KB)
256 KB are allocated to addresses 00000000H to 0003FFFFH in the x/PD70F3738.
Accessing addresses 00040000H to 000FFFFFH is prohibited.

Figure 3-7. Internal ROM Area (256 KB)

000FFFFFH
-~ Access-prohibited -~
area
00040000H
0003FFFFH
Internal ROM
(256 KB)
00000000H
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(c) Internal ROM (384 KB)

384 KB are allocated to addresses 00000000H to 0005FFFFH in the xPD70F3792.
Accessing addresses 00060000H to 000FFFFFH is prohibited.

Figure 3-8. Internal ROM Area (384 KB)
000FFFFFH
=~ Access-prohibited =~
area
00060000H
0005FFFFH
Internal ROM
(384 KB)
00000000H

(d) Internal ROM (512 KB)

512 KB are allocated to addresses 00000000H to 0007FFFFH in the xPD70F3793.
Accessing addresses 00080000H to 000FFFFFH is prohibited.

Figure 3-9. Internal ROM Area (512 KB)
000FFFFFH
=~ Access-prohibited =~
area
00080000H
0007FFFFH
Internal ROM
(512 KB)
00000000H
RO1UHO165EJ0900 Rev.9.00 Page 67 of 1113
Mar 25, 2014 RENESAS




V850ES/JG3-L CHAPTER 3 CPU FUNCTION

(e) Internal ROM (768 KB)
768 KB are allocated to addresses 00000000H to 000BFFFFH in the xPD70F3841.
Accessing addresses 000C0000H to 000FFFFFH is prohibited.

Figure 3-10. Internal ROM Area (768 KB)

| |
000FFFFF Hil: Access-prohibited =~
000C0000H area
000BFFFFH
Internal ROM
(768 KB)
00000000H

(f) Internal ROM (1 MB)
1 MB are allocated to addresses 00000000H to 000FFFFFH in the xPD70F3842.

Figure 3-11. Internal ROM Area (1 MB)

000FFFFFH

Internal ROM
(1 MB)

00000000H
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(2) Internal RAM area

Up to 60 KB allocated to physical addresses 03FFO000H to 03FFEFFFH are reserved as the internal RAM

area.

1 PD70F3841, 70F3842 include a expanded internal RAM in addition to the internal RAM.
The RAM capacity of VB50ES/JG3-L is as follows.

Table 3-3 RAM area
Product Name Internal RAM Expanded internal RAM Total RAM
uPD70F3737 8 KB 8 KB
1PD70F3738 16 KB 16 KB
uPD70F3792 32 KB 32 KB
pPD70F3793 40 KB 40 KB
1PD70F3841 56 KB 24 KB 80 KB
#PD70F3842 56 KB 24 KB 80 KB

(a) Internal RAM (8 KB)

8 KB are allocated to addresses 03FFDO0OH to 03FFEFFFH of the ;/PD70F3737.
Accessing addresses 03FFO000H to 03FFCFFFH is prohibited.

Figure 3-12.

Internal RAM Area (8 KB)

Physical address space

Logical address space

03FFEFFFH FFFFEFFFH
Internal RAM
(8 KB)
03FFDOOOH FFFFDOOOH
03FFCFFFH FFFFCFFFH
Access-prohibited
area
03FFO000H FFFFOOO0OH
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(b) Internal RAM (16 KB)
16 KB are allocated to addresses 03FFBOOOH to O3FFEFFFH of the xPD70F3738.
Accessing addresses 03FFO000H to 03FFAFFFH is prohibited.

Figure 3-13. Internal RAM Area (16 KB)

Physical address space Logical address space
03FFEFFFH FFFFEFFFH
Internal RAM
(16 KB)
03FFBOOOH FFFFBOOOH
03FFAFFFH FFFFAFFFH

Access-prohibited
area

03FFO0000H FFFFOOOOH

(c) Internal RAM (32 KB)
32 KB are allocated to addresses 03FF7000H to 03FFEFFFH of the xPD70F3792.
Accessing addresses 03FFO000H to 03FF6FFFH is prohibited.

Figure 3-14. Internal RAM Area (32 KB)

Physical address space Logical address space
03FFEFFFH FFFFEFFFH
Internal RAM
(32 KB)
03FF7000H FFFF7000H
03FF6FFFH FFFF6FFFH
Access-prohibited
area

03FFO0O000OH FFFFOOOOH
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(d) Internal RAM (40 KB)

40 KB are allocated to addresses 03FF5000H to 03FFEFFFH of the xPD70F3793.
Accessing addresses 03FFO000H to 03FF4FFFH is prohibited.

Figure 3-15.

Internal RAM Area (40 KB)

Physical address space

03FFEFFFH

03FF5000H

Internal RAM
(40 KB)

03FF4FFFH
03FF0000H

Access-prohibited
area

Logical address space

FFFFEFFFH

FFFF5000H
FFFF4FFFH
FFFFO000H

(e) Internal RAM (56 KB)

56 KB are allocated to addresses 03FF1000H to 03FFEFFFH of the /PD70F3841, 70F3842.
Accessing addresses 03FFO000H to 03FFOFFFH is prohibited.

Figure 3-16.

Internal RAM Area (56 KB)

Physical address space

03FFEFFFH

03FF1000H

Internal RAM
(56 KB)

03FFOFFFH
03FF0000H

Access-prohibited
area

Logical address space
FFFFEFFFH

FFFF1000H
FFFFOFFFH
FFFFO000H
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(3) Expanded internal RAM (24 KB)
The expanded internal RAM of 24 KB is allocated to addresses O03FAOOOH to O03FFFFFH of the
uPD70F3841, 70F3842.
The expanded internal RAM area is accessed via the external bus interface. Before accessing the expanded
internal RAM area, be sure to set the registers related to the external bus interface (initialization of the
expanded internal RAM).

Figure 3-17. Expanded internal RAM (24 KB)

Physical address space

Access-prohibited
area

003FFFFFH
Expaned internal RAM
(24 KB)
003FAOQ00H
003F9FFFH

Access-prohibited
area

The initial settings for the expanded internal RAM are shown below.

Cautions 1. If the expanded internal RAM is used with any but the following initial settings,
operation is not guaranteed.
2. When using the external memory and expanded internal RAM simultaneously, set
the external bus interface and expanded internal RAM at the same time.

o BSC register setting
Bits 2 must be set to 1.

 DWCO register setting
Bits 6 to 4 must be set to 001.

o AWC register setting
Bits 3 to 2 must be set to 00.

¢ BCC register setting
Bits 3 must be set to 0.
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(4) On-chip peripheral I/O area
4 KB allocated to physical addresses 03FFFO00H to 03FFFFFFH are reserved as the on-chip peripheral 1/0

area.

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

Physical address space Logical address space

03FFFFFFH FFFFFFFFH

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

03FFFO00H FFFFF000H

Peripheral /O registers that have functions to specify the operation mode for and monitor the status of the

on-chip peripheral I/0O are mapped to the on-chip peripheral I/O area. Program cannot be fetched from this

area.

Cautions 1.

When a peripheral I/O register is accessed in word units, a word area is accessed twice
in halfword units in the order of lower area then higher area, with the lower 2 bits of the
address ignored.

If a peripheral I/O register that can be accessed in byte units is accessed in halfword
units, the lower 8 bits are valid. The higher 8 bits are undefined when the register is
read and are invalid when the register is written.

Addresses not defined as registers are reserved for future expansion. The operation is
undefined and not guaranteed when these addresses are accessed.

The internal ROM/RAM area and on-chip peripheral I/O area are assigned to successive
addresses.

When accessing the internal ROM/RAM area by incrementing or decrementing
addresses using a pointer operation for example, be careful not to access the on-chip
peripheral I/O area by mistakenly extending over the internal ROM/RAM area boundary.

(5) External memory area
15 MB (00100000H to 00FFFFFFH)(x PD70F3737, 70F3738, 70F3792, 70F3793) or 13 MB (00100000H to

001FFFFFH

, 00400000H to OOFFFFFFH)(x PD70F3841, 70F3842) are allocated as the external memory

area. For details, see CHAPTER 5 BUS CONTROL FUNCTION.

Caution

The VB850ES/JG3-L has 22 address pins (AO to A21), so the external memory area appears
as a repeated 4 MB image.
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3.4.4 Wraparound of data space

The result of an operand address calculation operation that exceeds 32 bits is ignored.

Therefore, the highest address of the data space, FFFFFFFFH, and the lowest address, 00000000H, are
contiguous, and wraparound occurs at the boundary of these addresses.

Figure 3-19. Wraparound of Data Space

00000001H Data space
00000000H
FFFFFFFFH
FFFFFFFEH
Data space

(+) direction (-) direction

3.4.5 Recommended use of address space
The architecture of the VB50ES/JG3-L requires that a register that serves as a pointer be secured for address
generation when operand data in the data space is accessed. The address stored in this pointer £32 KB can be

directly accessed by an instruction for operand data. Because the number of general-purpose registers that can be
used as a pointer is limited, however, by keeping the performance from dropping during address calculation when a
pointer value is changed, as many general-purpose registers as possible can be secured for variables, and the

program size can be reduced.

(1) Program space

Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to 0, and only the lower 26 bits are valid.
Regarding the program space, therefore, a 64 MB space of contiguous addresses starting from 00000000H

unconditionally corresponds to the memory map.
To use the internal RAM area as the program space, access the following addresses.

Caution If a branch instruction is at the upper limit of the internal RAM area, a prefetch operation

(invalid fetch) straddling the on-chip peripheral I/O area does not occur.

Product Name RAM Size Access Address
uPD70F3737 8 KB 03FFDOO0OH to O3FFEFFFH
uPD70F3738 16 KB 03FFBO0OOH to 03FFEFFFH
uPD70F3792 32 KB 03FF7000H to O3FFEFFFH
uPD70F3793 40 KB 03FF5000H to O3FFEFFFH
uPD70F3841 56 KB 03FF1000H to O3FFEFFFH
uPD70F3842 56 KB 03FF1000H to O3FFEFFFH
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(2) Data space

With the VB50ES/JG3-L, it seems that there are sixty-four 64 MB (26-bit address) physical address spaces on
the 4 GB (32-bit address) CPU address space. Therefore, the most significant bit (bit 25) of a 26-bit address

of these 64 MB spaces is sign-extended to 32 bits and allocated as an address.

Figure 3-20. Sign Extension in Data Space

can be specified.

H A 26-bit address (64 MB)

3FFFFFFH i
Image 0 64 MB
0000000H v
31 2625 0
\\\\\;\\\\\\\\\\\\\\\\\\\\\\\\\
I
I
T\ FFFFFFFFH i
> Image 63 64 MB
FC000000H v
FBFFFFFFH 4
> Image 62 64 MB
F8000000H '
F7FFFFFFH i
> Image 61 64 MB
F4000000H v
F3FFFFFFH i
> Image 60 64 MB
F0000000H v
EFFFFFFFH
= c 4GB
10000000H
OFFFFFFFH i
> Image 3 64 MB
0C000000H v
[ 0BFFFFFFH 4
= Image 2 64 MB
08000000H v
[ 07FFFFFFH i
> Image 1 64 MB
[ 04000000H !
03FFFFFFH 4
> Image 0 64 MB
00000000H v

A 32-bit address (4 GB) can be
specified.

An image of 64 MB appears
repeatedly in the 4 GB space.
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(a) Application example of wraparound
If R = r0 (zero register) is specified for the LD/ST disp16 [R] instruction, a range of addresses 00000000H
+32 KB can be addressed by sign-extended disp16. All the resources, including the internal hardware,
can be addressed by one pointer.
The zero register (r0) is a register fixed to 0 by hardware, and practically eliminates the need for registers
dedicated to pointers.

Figure 3-21. Example of Data Space Usage in xPD70F3738

0003FFFFH

00007FFFH frmmmmmmemmmnnnee-

Internal ROM area 32 KB

(R=)00000000H

On-chip peripheral

FFFFFOOOH I/O area 4KB
FFFFEFFFH

Internal RAM area 16 KB
FFFFBOOOH
FFFFAFFFH

Access-prohibited 12 KB

area

FFFF8000H f--------nmmmmm-
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Figure 3-22. Recommended Memory Map (uPD70F3738)

Program space
64 MB

Program space

Data space

FFFFFFFFH

FFFFFO00H
FFFFEFFFH

FFFFO000H
FFFEFFFFH

04000000H |

On-chip
peripheral I/O

Internal RAM

)T
M

N

N

03FFFFFFH

03FFFOOOH
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Note The V850ES/JG3-L has 22 address pins, so the external memory area appears as a repeated 4 MB

image.

Remark # indicates the recommended area.
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3.4.6 Peripheral I/O registers
(1/11)
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFFO04H Port DL register PDL R/W v | 0000H™"
FFFFFO04H | Port DL register L PDLL VoW 00H""
FFFFFOO5H | Port DL register H PDLH S v O0H™"*
FFFFFO06H Port DH register PDH «/ v O0H™ "
FFFFFOOAH Port CT register PCT \/ v 00H"™"
FFFFFOOCH Port CM register PCM v v 00H™"
FFFFF024H Port DL mode register PMDL \' | FFFFH
FFFFF024H | Port DL mode register L PMDLL \ v FFH
FFFFF025H | Port DL mode register H PMDLH \/ v FFH
FFFFF026H Port DH mode register PMDH VoW FFH
FFFFFO2AH Port CT mode register PMCT \ v FFH
FFFFFO2CH Port CM mode register PMCM \/ v FFH
FFFFF044H Port DL mode control register PMCDL \' | 0000H
FFFFFO44H | Port DL mode control register L PMCDLL VoW 00H
FFFFF045H | Port DL mode control register H PMCDLH VoW 00H
FFFFFO46H Port DH mode control register PMCDH \ v 00H
FFFFFO4AH Port CT mode control register PMCCT «/ v 00H
FFFFFO4CH Port CM mode control register PMCCM VoW 00H
FFFFFO66H Bus size configuration register BSC \ | 5555H
FFFFFO6EH System wait control register VSWC v 77H
FFFFFO80H DMA source address register OL DSAOL \' | Undefined
FFFFF082H DMA source address register OH DSAOH v | Undefined
FFFFF084H DMA destination address register OL DDAOL v | Undefined
FFFFFO86H DMA destination address register OH DDAOH v | Undefined
FFFFFO88H DMA source address register 1L DSA1L v | Undefined
FFFFFO8AH DMA source address register 1H DSA1H v | Undefined
FFFFFO8CH DMA destination address register 1L DDA1L v | Undefined
FFFFFO8EH DMA destination address register 1H DDA1H v | Undefined
FFFFFO90H DMA source address register 2L DSA2L v | Undefined
FFFFFO92H DMA source address register 2H DSA2H v | Undefined
FFFFF094H DMA destination address register 2L DDA2L v | Undefined
FFFFFO96H DMA destination address register 2H DDA2H v | Undefined
FFFFFO98H DMA source address register 3L DSA3L \' | Undefined
FFFFFO9AH DMA source address register 3H DSA3H v | Undefined
FFFFFO9CH DMA destination address register 3L DDA3L v | Undefined
FFFFFO9EH DMA destination address register 3H DDA3H v | Undefined
FFFFFOCOH DMA transfer count register 0 DBCO v | Undefined
FFFFFOC2H DMA transfer count register 1 DBC1 v | Undefined
FFFFFOC4H DMA transfer count register 2 DBC2 v | Undefined
FFFFFOC6H DMA transfer count register 3 DBC3 v | Undefined
FFFFFODOH DMA addressing control register 0 DADCO v | 0000H

Note The output latch is 00H or 0000H. When these registers are in the input mode, the pin statuses are read.
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(2/11)
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFFOD2H DMA addressing control register 1 DADC1 R/W v | 0000H
FFFFFOD4H DMA addressing control register 2 DADC2 \' | 0000H
FFFFFOD6H DMA addressing control register 3 DADC3 v | 0000H
FFFFFOEOH DMA channel control register 0 DCHCO \/ v 00H
FFFFFOE2H DMA channel control register 1 DCHC1 \ v O0H
FFFFFOE4H DMA channel control register 2 DCHC2 VoW 00H
FFFFFOE6H DMA channel control register 3 DCHC3 \ v O0H
FFFFF100H Interrupt mask register 0 IMRO \' | FFFFH
FFFFF100H | Interrupt mask register OL IMROL \ v FFH
FFFFF101H | Interrupt mask register OH IMROH \/ v FFH
FFFFF102H Interrupt mask register 1 IMR1 N | FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L S v FFH
FFFFF103H | Interrupt mask register 1H IMR1H VoW FFH
FFFFF104H Interrupt mask register 2 IMR2 \' | FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L J y FFH
FFFFF105H | Interrupt mask register 2H IMR2H \/ v FFH
FFFFF106H Interrupt mask register 3 IMR3 \' | FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L VoW FFH
FFFFF107H | Interrupt mask register 3H IMR3H \/ v FFH
FFFFF110H Interrupt control register (INTLVI) LviIiC \/ v 47H
FFFFF112H Interrupt control register (INTPO) PICO \ v 47H
FFFFF114H Interrupt control register (INTP1) PIC1 \/ v 47H
FFFFF116H Interrupt control register (INTP2) PIC2 N v 47H
FFFFF118H Interrupt control register (INTP3) PIC3 S v 47H
FFFFF11AH Interrupt control register (INTP4) PIC4 N v 47H
FFFFF11CH Interrupt control register (INTP5) PIC5 \ v 47H
FFFFF11EH Interrupt control register (INTP6) PIC6 N v 47H
FFFFF120H Interrupt control register (INTP7) PIC7 \ v 47H
FFFFF122H Interrupt control register (INTTQOOV) TQOOVIC S v 47H
FFFFF124H Interrupt control register (INTTQOCCO) TQOCCICO N v 47H
FFFFF126H Interrupt control register INTTQOCCH1) TQOCCIC1 S v 47H
FFFFF128H Interrupt control register (INTTQOCC2) TQOCCIC2 N v 47H
FFFFF12AH Interrupt control register (INTTQOCC3) TQOCCIC3 \ v 47H
FFFFF12CH Interrupt control register (INTTPOOV) TPOOQVIC N v 47H
FFFFF12EH Interrupt control register (INTTPOCCO) TPOCCICO N v 47H
FFFFF130H Interrupt control register INTTPOCCH1) TPOCCICH S v 47H
FFFFF132H Interrupt control register (INTTP10V) TP10QVIC N v 47H
FFFFF134H Interrupt control register (INTTP1CCO) TP1CCICO \ v 47H
FFFFF136H Interrupt control register (INTTP1CCH1) TP1CCICH N v 47H
FFFFF138H Interrupt control register (INTTP20V) TP20OVIC \ v 47H
FFFFF13AH Interrupt control register (INTTP2CCO) TP2CCICO \ v 47H
FFFFF13CH Interrupt control register (INTTP2CC1) TP2CCIC1 N v 47H
FFFFF13EH Interrupt control register (INTTP30V) TP30VIC S v 47H
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF140H Interrupt control register (INTTP3CCO) TP3CCICO RW | v 47H
FFFFF142H Interrupt control register (INTTP3CCH1) TP3CCIC1 N v 47H
FFFFF144H Interrupt control register (INTTP40V) TP40VIC S v 47H
FFFFF146H Interrupt control register (INTTP4CCO) TP4CCICO N v 47H
FFFFF148H Interrupt control register (INTTP4CC1) TP4CCICA \ v 47H
FFFFF14AH Interrupt control register (INTTP50V) TP50VIC S v 47H
FFFFF14CH Interrupt control register (INTTP5CCO) TP5CCICO N v 47H
FFFFF14EH Interrupt control register (INTTP5CCH1) TP5CCICA \ v 47H
FFFFF150H Interrupt control register (INTTMOEQO) TMOEQICO «/ v 47H
FFFFF152H Interrupt control register (INTCBOR/INTIIC1) CBORIC/IICICA N v 47H
FFFFF154H Interrupt control register (INTCBOT) CBOTIC S v 47H
FFFFF156H Interrupt control register INTCB1R) CB1RIC \/ v 47H
FFFFF158H Interrupt control register (INTCB1T) CB1TIC \ v 47H
FFFFF15AH Interrupt control register INTCB2R) CB2RIC \ v 47H
FFFFF15CH Interrupt control register (INTCB2T) CB2TIC N v 47H
FFFFF15EH Interrupt control register INTCB3R) CB3RIC \/ v 47H
FFFFF160H Interrupt control register (INTCB3T) CBa3TIC N v 47H
FFFFF162H Interrupt control register (INTUAOR/INTCB4R) | UAORIC/CB4RIC N v 47H
FFFFF164H Interrupt control register (INTUAOT/INTCB4T) | UAOTIC/CBA4TIC S v 47H
FFFFF166H Interrupt control register (INTUA1R/INTIIC2) UA1RIC/IICIC2 \/ v 47H
FFFFF168H Interrupt control register (INTUA1T) UAI1TIC \ v 47H
FFFFF16AH Interrupt control register (INTUA2R/INTIICO) UA2RIC/IICICO S v 47H
FFFFF16CH Interrupt control register (INTUA2T) UA2TIC N v 47H
FFFFF16EH Interrupt control register (INTAD) ADIC \ v 47H
FFFFF170H Interrupt control register INTDMAO) DMAICO \/ v 47H
FFFFF172H Interrupt control register (INTDMA1) DMAIC1 N v 47H
FFFFF174H Interrupt control register INTDMA2) DMAIC2 S v 47H
FFFFF176H Interrupt control register INTDMA3) DMAIC3 \/ v 47H
FFFFF178H Interrupt control register (INTKR) KRIC \/ v 47H
FFFFF17AH Interrupt control register (INTWTI/INTRTC2) WTIIC (/RTC2IC)"*" \ v 47H
FFFFF17CH Interrupt control register (INTWT/INTRTCO) WTIC (/RTCOIC) "' N v 47H
FFFFF17EH Interrupt control register (INTRTC1) RTC1C™™ \/ v 47H
FFFFF180H Interrupt control register (INTUA3R) UA3RIC "' N v 47H
FFFFF182H Interrupt control register (INTUA3T) UA3TIC ™™ \ v 47H
FFFFF184H Interrupt control register (INTUA4R) UA4RIC ™™ S v 47H
FFFFF186H Interrupt control register (INTUA4T) UA4TIC ™™ \/ v 47H
FFFFF188H Interrupt control register (INTUCOR) UCORIC "™ \/ v 47H
FFFFF18AH Interrupt control register (INTUCOT) ucoTic™* v v 47H
FFFFF1FAH In-service priority register ISPR R \ v O0H
FFFFF1FCH Command register PRCMD w v Undefined
FFFFF1FEH Power save control register psc"* RW | v 00H

Notesl. uPD70F3792, 70F3793, 70F3841, 70F3842 only

2. Thisis a special register.
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF200H A/D converter mode register 0 ADAOMO RW | v 00H
FFFFF201H A/D converter mode register 1 ADAOM1 \/ v 00H
FFFFF202H A/D converter channel specification register ADAOS \/ v O0H
FFFFF203H A/D converter mode register 2 ADAOM2 VoW 00H
FFFFF204H Power-fail compare mode register ADAOPFM S v O0H
FFFFF205H Power-fail compare threshold value register ADAOPFT \/ v 00H
FFFFF210H A/D conversion result register 0 ADAOCRO R v | Undefined
‘ FFFFF211H | A/D conversion result register OH ADAOCROH v Undefined
FFFFF212H A/D conversion result register 1 ADAOCRT1 v | Undefined
‘ FFFFF213H | A/D conversion result register 1H ADAOCR1H v Undefined
FFFFF214H A/D conversion result register 2 ADAOCR2 V' | Undefined
‘ FFFFF215H | A/D conversion result register 2H ADAOCR2H v Undefined
FFFFF216H A/D conversion result register 3 ADAOCRS3 v | Undefined
‘ FFFFF217H | A/D conversion result register 3H ADAOCR3H v Undefined
FFFFF218H A/D conversion result register 4 ADAOCR4 v | Undefined
‘ FFFFF219H | A/D conversion result register 4H ADAOCR4H v Undefined
FFFFF21AH A/D conversion result register 5 ADAOCR5 v | Undefined
‘ FFFFF21BH | A/D conversion result register 5H ADAOCR5H v Undefined
FFFFF21CH A/D conversion result register 6 ADAOCR6 v | Undefined
‘ FFFFF21DH | A/D conversion result register 6H ADAOCR6H v Undefined
FFFFF21EH A/D conversion result register 7 ADAOCR7 v | Undefined
‘ FFFFF21FH | A/D conversion result register 7H ADAOCR7H y Undefined
FFFFF220H A/D conversion result register 8 ADAOCRS8 v | Undefined
‘ FFFFF221H | A/D conversion result register 8H ADAOCR8H v Undefined
FFFFF222H A/D conversion result register 9 ADAOCR9 v | Undefined
‘ FFFFF223H | A/D conversion result register 9H ADAOCR9H v Undefined
FFFFF224H A/D conversion result register 10 ADAOCR10 v | Undefined
‘ FFFFF225H | A/D conversion result register 10H ADAOCR10H v Undefined
FFFFF226H A/D conversion result register 11 ADAOCR11 v | Undefined
‘ FFFFF227H | A/D conversion result register 11H ADAOCR11H y Undefined
FFFFF280H D/A conversion value setting register 0 DAOCSO0 R/W v 00H
FFFFF281H D/A conversion value setting register 1 DAOCSH v 00H
FFFFF282H D/A converter mode register DAOM VoW 00H
FFFFF300H Key return mode register KRM \/ v 00H
FFFFF308H Selector operation control register 0 SELCNTO \/ v O0H
FFFFF310H CRC input register CRCIN v 00H
FFFFF312H CRC data register CRCD v | 0000H
FFFFF318H Noise elimination control register NFC v 00H
FFFFF320H Prescaler mode register 1 PRSM1 \ v 00H
FFFFF321H Prescaler compare register 1 PRSCM1 v O0H
FFFFF324H Prescaler mode register 2 PRSM2 VoW 00H
FFFFF325H Prescaler compare register 2 PRSCM2 v 00H
FFFFF328H Prescaler mode register 3 PRSM3 «/ v O0H
FFFFF329H Prescaler compare register 3 PRSCMS3 v 00H
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Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF331H Regulator protection register REGPR R/W \ 00H
FFFFF332H Regulator output voltage level control register REGOVLO \ 00H
FFFFF340H 1IC division clock select register OCKS0 S O00H
FFFFF344H 1IC division clock select register OCKS1 \ 00H
FFFFF380H Clock through select register CKTHSEL "' v \ 00H
FFFFF400H Port 0 register PO v \ 00H"
FFFFF402H Port 1 register P1 v \/ 00H""
FFFFF406H Port 3 register P3 \ | 000QH" "
FFFFF406H | Port 3 register L P3L v \ 00H""
FFFFF407H | Port 3 register H P3H v \ 00H""*
FFFFF408H Port 4 register P4 v \ 00H"
FFFFF40AH Port 5 register P5 \ \ 00H"*
FFFFF40EH Port 7 register L P7L \ \ 00H""*
FFFFF40FH Port 7 register H P7H v \ 00H""
FFFFF412H Port 9 register P9 v | 0000H""**
FFFFF412H | Port 9 register L PoL \ \ 00H"
FFFFF413H | Port 9 register H P9H \ \ 00H"*
FFFFF420H Port 0 mode register PMO \ \ FFH
FFFFF422H Port 1 mode register PMA1 VoW FFH
FFFFF426H Port 3 mode register PM3 \ | FFFFH
FFFFF426H | Port 3 mode register L PM3L VoW FFH
FFFFF427H | Port 3 mode register H PM3H \ \ FFH
FFFFF428H Port 4 mode register PM4 J J FFH
FFFFF42AH Port 5 mode register PM5 \ \ FFH
FFFFF42EH Port 7 mode register L PM7L \ \ FFH
FFFFF42FH Port 7 mode register H PM7H VoW FFH
FFFFF432H Port 9 mode register PM9 \ | FFFFH
FFFFF432H | Port 9 mode register L PMOL \ \ FFH
FFFFF433H | Port 9 mode register H PM9H \ \ FFH
FFFFF440H Port 0 mode control register PMCO \ \ 00H
FFFFF446H Port 3 mode control register PMC3 N | 0000H
FFFFF446H | Port 3 mode control register L PMC3L \ \ 00H
FFFFF447H | Port 3 mode control register H PMC3H VoW 00H
FFFFF448H Port 4 mode control register PMC4 \ \ OO0H
FFFFF44AH Port 5 mode control register PMC5 \ \ 00H
FFFFF452H Port 9 mode control register PMC9 \ | 0000H
FFFFF452H | Port 9 mode control register L PMC9OL \ \ 00H
FFFFF453H | Port 9 mode control register H PMC9H VoW 00H
FFFFF460H Port 0 function control register PFCO \ \ 00H
FFFFF466H Port 3 function control register PFC3 N | 0000H
FFFFF466H | Port 3 function control register L PFC3L \ \ OO0H
FFFFF467H | Port 3 function control register H PFC3H \ \ 00H

Notesl. wPD70F3792, 70F3793, 70F3841, 70F3842 only

2. The output latch is 00H or 0000H. When these registers are input, the pin statuses are read.
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Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF468H Port 4 function control register PFC4 RW | + \ 00H
FFFFF46AH Port 5 function control register PFC5 \ \ OO0H
FFFFF472H Port 9 function control register PFC9 N | 0000H
FFFFF472H | Port 9 function control register L PFCOL \ \ OO0H
FFFFF473H | Port 9 function control register H PFC9H \ \ 00H
FFFFF484H Data wait control register O DWCO N | 7777H
FFFFF488H Address wait control register AWC \ | FFFFH
FFFFF48AH Bus cycle control register BCC N | AAAAH
FFFFF540H TMQO control register 0 TQOCTLO \ \ O0H
FFFFF541H TMQO control register 1 TQOCTLA \ \ 00H
FFFFF542H TMQO I/O control register 0 TQOIOCO NN 00H
FFFFF543H TMQO I/O control register 1 TQOIOC1 \ S O0H
FFFFF544H TMQO I/O control register 2 TQOIOC2 NN 00H
FFFFF545H TMQO option register 0 TQOOPTO \ \ O0H
FFFFF546H TMQO capture/compare register 0 TQOCCRO v | 0000H
FFFFF548H TMQO capture/compare register 1 TQOCCRH1 v | 0000H
FFFFF54AH TMQO capture/compare register 2 TQOCCR2 v | 0000H
FFFFF54CH TMQO capture/compare register 3 TQOCCRS3 N | 0000H
FFFFF54EH TMQO counter read buffer register TQOCNT R \ | 0000H
FFFFF590H TMPO control register 0 TPOCTLO RW | S OO0H
FFFFF591H TMPO control register 1 TPOCTL1 v \ O0H
FFFFF592H TMPO I/O control register 0 TPOIOCO v S OO0H
FFFFF593H TMPO I/O control register 1 TPOIOC1 N O0H
FFFFF594H TMPO I/O control register 2 TPOIOC2 v S OO0H
FFFFF595H TMPO option register 0 TPOOPTO v S O0H
FFFFF596H TMPO capture/compare register 0 TPOCCRO v | 0000H
FFFFF598H TMPO capture/compare register 1 TPOCCR1 v | 0000H
FFFFF59AH TMPO counter read buffer register TPOCNT R \' | 0000H
FFFFF5A0H TMP1 control register 0 TP1CTLO RW | + \ 00H
FFFFF5A1H TMP1 control register 1 TP1CTL1 NN 00H
FFFFF5A2H TMP1 I/O control register 0 TP110CO v \ O0H
FFFFF5A3H TMP1 I/O control register 1 TP110C1 NN 00H
FFFFF5A4H TMP1 I/O control register 2 TP1I0C2 N O0H
FFFFF5A5H TMP1 option register 0 TP10PTO v < 00H
FFFFF5A6H TMP1 capture/compare register O TP1CCRO v | 0000H
FFFFF5A8H TMP1 capture/compare register 1 TP1CCR1 \ | 0000H
FFFFF5AAH TMP1 counter read buffer register TP1CNT R v | 0000H
FFFFF5BOH TMP2 control register 0 TP2CTLO RW | + \ 00H
FFFFF5B1H TMP2 control register 1 TP2CTL1 v S 00H
FFFFF5B2H TMP2 I/O control register 0 TP2I0CO N O0H
FFFFF5B3H TMP2 I/O control register 1 TP2I0CH v \ 00H
FFFFF5B4H TMP2 I/O control register 2 TP2I0C2 NN 00H
FFFFF5B5H TMP2 option register 0 TP20PTO v \ OO0H
FFFFF5B6H TMP2 capture/compare register 0 TP2CCRO \ | 0000H
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Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF5B8H TMP2 capture/compare register 1 TP2CCR1 R/W v | 0000H
FFFFF5BAH TMP2 counter read buffer register TP2CNT R N | 0000H
FFFFF5COH TMP3 control register 0 TP3CTLO RW | + v O0H
FFFFF5C1H TMP3 control register 1 TP3CTL1 v v 00H
FFFFF5C2H TMP3 I/O control register 0 TP3I0OCO N \ O0H
FFFFF5C3H | TMP3 I/O control register 1 TP3IOCH Nl 00H
FFFFF5C4H TMP3 I/O control register 2 TP3I0OC2 N v O0H
FFFFF5C5H TMP3 option register 0 TP30OPTO N v O0H
FFFFF5C6H TMP3 capture/compare register 0 TP3CCRO N | 0000H
FFFFF5C8H TMP3 capture/compare register 1 TP3CCR1 v | 0000H
FFFFF5CAH TMP3 counter read buffer register TP3CNT R N | 0000H
FFFFF5DOH TMP4 control register 0 TP4CTLO RW | + v 00H
FFFFF5D1H TMP4 control register 1 TP4CTLA v v 00H
FFFFF5D2H | TMP4 I/O control register 0 TP410CO Nl 00H
FFFFF5D3H TMP4 I/O control register 1 TP410CA v v 00H
FFFFFS5D4H | TMP4 I/O control register 2 TP4lOC2 VoW 00H
FFFFF5D5H | TMP4 option register 0 TP4OPTO Nl 00H
FFFFF5D6H TMP4 capture/compare register 0 TP4CCRO v | 0000H
FFFFF5D8H TMP4 capture/compare register 1 TP4CCR1 v | 0000H
FFFFF5DAH TMP4 counter read buffer register TP4CNT R N | 0000H
FFFFF5EOH TMPS5 control register 0 TP5CTLO RW | + v O0H
FFFFF5E1H TMP5 control register 1 TP5CTLA1 v v 00H
FFFFF5E2H TMPS5 I/O control register 0 TP5I0CO N v O0H
FFFFF5E3H TMP5 1/O control register 1 TP5I0CH1 Nl 00H
FFFFF5E4H TMPS5 I/O control register 2 TP5I0C2 N v O0H
FFFFF5E5H TMP5 option register 0 TP50PTO N v 00H
FFFFF5E6H TMP5 capture/compare register 0 TP5CCRO N | 0000H
FFFFF5E8H TMP5 capture/compare register 1 TP5CCR1 v | 0000H
FFFFF5EAH TMP5 counter read buffer register TP5CNT R \' | 0000H
FFFFF680H Watch timer operation mode register WTM RW | + v 00H
FFFFF690H TMMO control register 0 TMOCTLO v v 00H
FFFFF694H TMMO compare register 0 TMOCMPO N | 0000H
FFFFF6COH Oscillation stabilization time select register OSTS v 06H
FFFFF6C1H PLL lockup time specification register PLLS v 03H
FFFFF6DOH Watchdog timer mode register 2 WDTM2 v 67H
FFFFF6D1H Watchdog timer enable register WDTE v 9AH
FFFFF6EOH Real-time output buffer register OL RTBLO v v O00H
FFFFF6E2H Real-time output buffer register OH RTBHO N v 00H
FFFFF6E4H Real-time output port mode register 0 RTPMO v v 00H
FFFFF6E5H Real-time output port control register 0 RTPCO N v O0H
FFFFF700H Port O function control expansion register PFCEQ"™ N v 00H
FFFFF706H Port 3 function control expansion register L PFCES3L v v 00H
FFFFF70AH Port 5 function control expansion register PFCE5 N v 00H
Note uPD70F3792, 70F3793, 70F3841, 70F3842 only
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1 8 16
FFFFF712H Port 9 function control expansion register PFCE9 R/wW v | 0000H
FFFFF712H | Port 9 function control expansion register L PFCE9L v v O00H
FFFFF713H | Port 9 function control expansion register H PFCE9H v v 00H
FFFFF802H System status register SYS v v 00H
FFFFF80CH Internal oscillation mode register RCM v v 00H
FFFFF810H DMA trigger factor register O DTFRO v N 00H
FFFFF812H DMA trigger factor register 1 DTFR1 v v 00H
FFFFF814H DMA trigger factor register 2 DTFR2 v v O0H
FFFFF816H DMA trigger factor register 3 DTFR3 v v 00H
FFFFF820H Power save mode register PSMR v N 00H
FFFFF822H Clock control register CKC v N OAH
FFFFF824H Lock register LOCKR R v v 00H
FFFFF828H Processor clock control register PCcC™* RW | + N 03H
FFFFF82CH PLL control register PLLCTL v v 01H
FFFFF82EH CPU operation clock status register CCLS R v v 00H
FFFFF870H Clock monitor mode register CLM RW | + \/ O0H
FFFFF888H Reset source flag register RESF v v 00H
FFFFF890H Low-voltage detection register LVIM v v O0H
FFFFF891H Low-voltage detection level select register LVIS v O00H
FFFFF8BOH Prescaler mode register 0 PRSMO v N 00H
FFFFF8B1H Prescaler compare register 0 PRSCMO N 00H
FFFFF9FCH On-chip debug mode register OCDM™* v N 01H
FFFFFAQOH UARTAO control register 0 UAOCTLO NN 10H
FFFFFAO1H UARTAO control register 1 UAOCTL1 v O00H
FFFFFAO2H UARTAO control register 2 UAOCTL2 N FFH
FFFFFAO3H UARTADO option control register O UAOOPTO v N 14H
FFFFFAO4H UARTAO status register UAOSTR v N 00H
FFFFFAO6H UARTAO receive data register UAORX R N FFH
FFFFFAO7H UARTADO transmit data register UAOTX R/W N FFH
FFFFFA10H UARTA1 control register 0 UA1CTLO N A 10H
FFFFFA11H UARTAT1 control register 1 UA1CTLA N 00H
FFFFFA12H UARTAT1 control register 2 UA1CTL2 v FFH
FFFFFA13H UARTA1 option control register 0 UA10PTO v v 14H
FFFFFA14H UARTAT1 status register UA1STR v \/ O00H
FFFFFA16H UARTAT1 receive data register UA1RX R v FFH
FFFFFA17H UARTA1 transmit data register UATTX R/wW y FFH
FFFFFA20H UARTA2 control register O UA2CTLO v \/ 10H
FFFFFA21H UARTA2 control register 1 UA2CTL1 v O00H
FFFFFA22H UARTAZ2 control register 2 UA2CTL2 y FFH
FFFFFA23H UARTA2 option control register 0 UA20PTO v v 14H
FFFFFA24H UARTA2 status register UA2STR v v O0H
FFFFFA26H UARTA2 receive data register UA2RX R N FFH
FFFFFA27H UARTAZ2 transmit data register UA2TX R/W v FFH
Note  This is a special register.
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Address Function Register Name Symbol R/W |Manipulatable Bits | Default Value
1 8
FFFFFA30H UARTAS control register 0 UA3CTLO"™™ RW | + v 10H
FFFFFA31H UARTAS control register 1 UA3CTL1™" N 00H
FFFFFA32H UARTAS3 control register 2 UA3CTL2"" v FFH
FFFFFA33H UARTAS option control register 0 UA3OPTO™" v N 14H
FFFFFA34H UARTAS status register UA3SSTR™™* v v 00H
FFFFFA36H UARTAS receive data register UA3RX " R v FFH
FFFFFA37H UARTAS transmit data register UA3TX " R/W N FFH
FFFFFA40H UARTA4 control register 0 UA4CTLO™"* v v 10H
FFFFFA41H UARTA4 control register 1 UA4CTL1 ™" 3 00H
FFFFFA42H UARTA4 control register 2 UA4CTL2"™ " N FFH
FFFFFA43H UARTA4 option control register 0 UA40OPTO™" v v 14H
FFFFFA44H UARTA4 status register UA4STR™* v N 00H
FFFFFA46H UARTAA4 receive data register UA4RX " R v FFH
FFFFFA47H UARTAA4 transmit data register UA4TX M R/W v FFH
FFFFFA50H UARTAS control register 0 UA5CTLO ™" NN 10H
FFFFFA51H UARTAS5 control register 1 UA5CTLA ™" v 00H
FFFFFA52H UARTAS5 control register 2 UA5CTL2"" N FFH
FFFFFA53H UARTAS5 option control register 0 UA50PTO " NN 14H
FFFFFA54H UARTAS status register UA5STR™™* v N OOH
FFFFFA56H UARTAS receive data register UASRX " R N FFH
FFFFFA57H UARTAS5 transmit data register UASTX " R/W v FFH
FFFFFAAQH UARTCO control register 0 UCOCTLO™" v N 10H
FFFFFAA1H UARTCO control register 1 UCoCTL1"™ N 00H
FFFFFAA2H UARTCO control register 2 ucocTL2"" v FFH
FFFFFAA3H UARTCO option control register 0 UCOOPTO"™ ™ v N 14H
FFFFFAA4H UARTCO status register UCOSTR™™* NN 00H
FFFFFAAGH UARTCO receive data register UCORX ™" R 01FFH
| FFFFFAABH | UARTCO receive data register L UCORXL ™" N FFH
FFFFFAA8H UARTCO transmit data register ucoTx™e R/W 01FFH
| FFFFFAA8H | UARTCO transmit data register L UCOTXL™" v FFH
FFFFFAAAH UARTCO option control register 1 UCOOPT{™"* v N 00H
FFFFFADOH Sub-count register RC1SUBC"™™ R 0000H
FFFFFAD2H Second count register RC1SEC™" R/W N 00H
FFFFFAD3H Minute count register RC1MIN™"* N 00H
FFFFFAD4H Hour count register RC1HOUR " N 12H
FFFFFAD5H Week count register RC1WEEK"™" N 00H
FFFFFAD6H Day count register RC1DAY "* N 01H
FFFFFAD7H Month count register RC1MONTH"™* \ 01H
FFFFFAD8H Year count register RC1YEAR™" \ 00H
FFFFFAD9H Time error correction register RC1SUBU ™" N 00H
FFFFFADAH Alarm minute set register RC1ALM™* N 00H
FFFFFADBH Alarm time set register RC1ALH ™" N 12H
FFFFFADCH Alarm week set register RC1ALW " N N 00H
Note xPD70F3792, 70F3793, 70F3841, 70F3842 only
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Address Function Register Name Symbol R/W [Manipulatable Bits| Default Value
1 8 16
FFFFFADDH RTC control register 0 RC1CCO™™" | R/W N 00H
FFFFFADEH RTC control register 1 RC1CC1"™* N 00H
FFFFFADFH RTC control register 2 Rc1cC2"™™ N 00H
FFFFFAEOH RTC control register 3 RC1CC3"™* N 00H
FFFFFBOOH RTC backup control register 0 RTCBU N N O00H
MCTLONoleLz
FFFFFBO3H Subclock low-power operation control register SOSCA N N 00H
MCTL Note1,2
FFFFFCOOH External interrupt falling edge specification register 0 INTFO \/ N 00H
FFFFFCO6H External interrupt falling edge specification register 3 INTF3 \ v O00H
FFFFFC13H External interrupt falling edge specification register 9H | INTF9H oA 00H
FFFFFC20H External interrupt rising edge specification register 0 INTRO \ v O00H
FFFFFC26H External interrupt rising edge specification register 3 INTR3 \ v O00H
FFFFFC33H External interrupt rising edge specification register 9H | INTR9H \ N 00H
FFFFFC60H Port 0 function register PFO v oA O0H
FFFFFC66H Port 3 function register PF3 v | 0000H
FFFFFC66H | Port 3 function register L PF3L N 00H
FFFFFC67H | Port 3 function register H PF3H VoW 00H
FFFFFC68H Port 4 function register PF4 N 00H
FFFFFC6AH Port 5 function register PF5 v oA O0H
FFFFFC72H Port 9 function register PF9 v | 0000H
FFFFFC72H | Port 9 function register L PFOL N N 00H
FFFFFC73H | Port 9 function register H PFOH N N 00H
FFFFFDOOH CSIBO control register 0 CBOCTLO N N 01H
FFFFFDO1H CSIBO control register 1 CBOCTLA N N 00H
FFFFFDO2H CSIBO control register 2 CBOCTL2 N O00H
FFFFFDO3H CSIBO status register CBOSTR \ N 00H
FFFFFDO4H CSIBO receive data register CBORX R \ | 0000H
‘ FFFFFDO4H | CSIBO receive data register L CBORXL N 00H
FFFFFDO6H CSIBO0 transmit data register CBOTX R/W v | 0000H
‘ FFFFFDO6H | CSIBO transmit data register L CBOTXL N 00H
FFFFFD10H CSIB1 control register 0 CB1CTLO NN 01H
FFFFFD11H CSIB1 control register 1 CB1CTLA \ v O00H
FFFFFD12H CSIB1 control register 2 CB1CTL2 N 00H
FFFFFD13H CSIB1 status register CB1STR NN O0H
FFFFFD14H CSIB1 receive data register CB1RX R v | 0000H
‘ FFFFFD14H | CSIB1 receive data register L CB1RXL v O00H
FFFFFD16H CSIB1 transmit data register CB1TX R/W \ | 0000H
‘ FFFFFD16H | CSIB1 transmit data register L CB1TXL N 00H
FFFFFD20H CSIB2 control register 0 CB2CTLO v 01H
FFFFFD21H CSIB2 control register 1 CB2CTLA v O00H
Notesl. 4PD70F3792, 70F3793, 70F3841, 70F3842 only
2. This is a special register.
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFFD22H CSIB2 control register 2 CB2CTL2 R/W \ 00H
FFFFFD23H CSIB2 status register CB2STR v v 00H
FFFFFD24H CSIB2 receive data register CB2RX R v | 0000H
‘ FFFFFD24H | CSIB2 receive data register L CB2RXL v
FFFFFD26H CSIB2 transmit data register CB2TX R/W \' | 0000H
‘ FFFFFD26H | CSIB2 transmit data register L CB2TXL v 00H
FFFFFD30H CSIB3 control register 0 CB3CTLO v v 01H
FFFFFD31H CSIB3 control register 1 CB3CTL1 v v 00H
FFFFFD32H CSIBS3 control register 2 CB3CTL2 v O00H
FFFFFD33H CSIB3 status register CB3STR v v O0H
FFFFFD34H CSIBS3 receive data register CB3RX R v | 0000H
‘ FFFFFD34H | CSIB3 receive data register L CB3RXL v O00H
FFFFFD36H CSIBS3 transmit data register CB3TX R/W v | 0000H
‘ FFFFFD36H | CSIB3 transmit data register L CB3TXL v 00H
FFFFFD40H CSIB4 control register 0 CB4CTLO v v 01H
FFFFFD41H CSIB4 control register 1 CB4CTL1 | RW | ~ | 00H
FFFFFD42H CSIB4 control register 2 CB4CTL2 v O00H
FFFFFD43H CSIB4 status register CB4STR v v 00H
FFFFFD44H CSIB4 receive data register CB4RX R v | 0000H
‘ FFFFFD44H | CSIB4 receive data register L CB4RXL v O00H
FFFFFD46H CSIB4 transmit data register CB4TX R/W v | 0000H
‘ FFFFFD46H | CSIB4 transmit data register L CB4TXL v 00H
FFFFFD80H IIC shift register 0 IICo v O00H
FFFFFD82H IIC control register 0 1ICCo y \ O0H
FFFFFD83H Slave address register 0 SVAO v O00H
FFFFFD84H IIC clock select register 0 lICCLO v v 00H
FFFFFD85H IC function expansion register 0 lICX0 NN 00H
FFFFFD86H IIC status register 0 IICS0 R v v 00H
FFFFFD8AH IIC flag register 0 IICFO RW | \ O0H
FFFFFD90OH IIC shift register 1 lIC1 y 00H
FFFFFD92H IIC control register 1 lcct v v 00H
FFFFFD93H Slave address register 1 SVA1 v 00H
FFFFFD94H IIC clock select register 1 IICCLA v v 00H
FFFFFD95H IIC function expansion register 1 lcxi1 v v 00H
FFFFFD96H IIC status register 1 lICs1 R NN 00H
FFFFFD9AH IIC flag register 1 IICF1 R/W v v 00H
FFFFFDAOH IIC shift register 2 lIc2 \ 00H
FFFFFDA2H IIC control register 2 licc2 NN 00H
FFFFFDA3H Slave address register 2 SVA2 v O00H
FFFFFDA4H IIC clock select register 2 liccL2 v v 00H
FFFFFDASH IIC function expansion register 2 lICx2 v v 00H
FFFFFDAGH IIC status register 2 lcs2 R v v 00H
FFFFFDAAH IIC flag register 2 lICF2 RW | v 00H
FFFFFDBEH External bus interface mode control register EXIMC v v O00H
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3.4.7 Special registers
Special registers are registers that are protected from being written with illegal data due to a program hang-up.
The V850ES/JG3-L has the following nine special registers.

Power save control register (PSC)
Clock control register (CKC)

Processor clock control register (PCC)

Clock monitor mode register (CLM)

Reset source flag register (RESF)

Low-voltage detection register (LVIM)

On-chip debug mode register (OCDM)

RTC backup control register 0 (RTCBUMCTLO)

Subclock low-power operation control register 0 (SOSCAMCTL)

In addition, the PRCDM register is provided to protect against a write access to the special registers so that the
application system does not inadvertently stop due to a program hang-up. A write access to the special registers is
made in a specific sequence, and an illegal store operation is reported to the SYS register.
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(1) Setting data to special registers
Set data to the special registers in the following sequence.

<1> Disable DMA operation.

<2> Prepare data to be set to the special register in a general-purpose register.

<3> Write the data prepared in <2> to the PRCMD register.

<4> Write the setting data to the special register (by using the following instructions).

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

Note

(<5>to <9> Insert NOP instructions (5 instructions).)
<10> Enable DMA operation if necessary.

Note When switching to the IDLE mode or the STOP mode (PSC.STP bit = 1), 5 NOP instructions

must be inserted immediately after switching is performed.

Caution To resume the DMA operation in the status before the DMA operation was disabled after a
special sequence, the DCHCnh register status must be stored before the DMA operation is
disabled.

After the DCHCn register status is stored, the DCHCn.TCn bit must be checked before the
DMA operation is resumed and the following processing must be executed according to the
TCn bit status, because completion of DMA transfer may occur before the DMA operation is
disabled.

When the TCn bit is 0 (DMA transfer not completed), the contents of the DCHCn register
stored before the DMA operation was disabled are written to the DCHCn register again.

When the TCn bit is 1 (DMA transfer completed), DMA transfer completion processing is
executed.

Remark n=0t03

[Example] PSC register (setting standby mode)

ST.B r11, PSMR[rO] ; Set PSMR register (setting IDLE1, IDLE2, and STOP modes).
<1>CLR1 0, DCHCn[rO] ; Disable DMA operation. n=0to 3
<2>MOVOx02, ri0
<3>ST.B rl10, PRCMD[rO] ; Write PRCMD register.
<4>ST.B rl10, PSC[rO] ; Set PSC register.

<5>Nop™°' ; Dummy instruction
<6>NopNote ; Dummy instruction
<7>NopNot ; Dummy instruction
<8>NopN°te ; Dummy instruction
<9>NopN°te ; Dummy instruction

<10>SET1 0, DCHCn[rO] ; Enable DMA operation. n=0to 3

(next instruction)

There is no special sequence required to read a special register.
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Note Five NOP instructions or more must be inserted immediately after setting the IDLE1 mode, IDLE2

mode, or STOP mode (by setting the PSC.STP bit to 1).

Caution When a store instruction is executed to store data in the command register, interrupts are
not acknowledged. This is because it is assumed that steps <3> and <4> above are
performed by successive store instructions. If another instruction is placed between <3>
and <4>, and if an interrupt is acknowledged by that instruction, the above sequence may
not be established, causing malfunction.

Remark Although dummy data is written to the PRCMD register, use the same general-purpose register
used to set the special register (<4> in the example) to write data to the PRCMD register (<3> in
the example). The same applies when a general-purpose register is used for addressing.

(2) Command register (PRCMD)
The PRCMD register is an 8-bit register that protects the registers that may seriously affect the application
system from being written, so that the system does not inadvertently stop due to a program hang-up. The
first write access to a special register is valid after data has been written in advance to the PRCMD register.
In this way, the value of the special register can be rewritten only in a specific sequence, so as to protect the
register from an illegal write access.
The PRCMD register is write-only, in 8-bit units (undefined data is read when this register is read).

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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(3) System status register (SYS)
Status flags that indicate the operation status of the overall system are allocated to this register.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF802H

7 6 5 4 3 1 <0>
sys | o | o | o | o | o | o | o |[rrerR]
PRERR Detects protection error
0 Protection error did not occur.
1 Protection error occurred.

The PRERR flag operates under the following conditions.

(a) Set condition (PRERR flag = 1)
(i) When data is written to a special register without writing anything to the PRCMD register (when <4>
is executed without executing <3> in 3.4.7 (1) Setting data to special registers)
(i) When data is written to an on-chip peripheral I/O register other than a special register (including
execution of a bit manipulation instruction) after writing data to the PRCMD register (if <4> in 3.4.7
(1) Setting data to special registers is not the setting of a special register)

Remark Even if an on-chip peripheral I/O register is read (except by a bit manipulation instruction) or
the internal RAM is accessed between an operation to write the PRCMD register and an
operation to write a special register, the PRERR flag is not set, and the set data can be written
to the special register.

(b) Clear condition (PRERR flag = 0)
(i) When 0 is written to the PRERR flag
(ii) When the system is reset

Cautions 1. If 0 is written to the PRERR bit of the SYS register, which is not a special register,
immediately after a write access to the PRCMD register, the PRERR bit is cleared to
0 (the write access takes precedence).
2. If data is written to the PRCMD register, which is not a special register, immediately
after a write access to the PRCMD register, the PRERR bit is set to 1.
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3.4.8 Registers to be set first
Be sure to set the following registers first when using the V850ES/JG3-L.

e System wait control register (VSWC)
e On-chip debug mode register (OCDM)
e Watchdog timer mode register 2 (WDTM2)

After setting the VSWC, OCDM, and WDTM2 registers, set the other registers as necessary.
When using the external bus, set each pin to the alternate-function bus control pin mode by using the port-related
registers after setting the above registers.

(a) System wait control register (VSWC)
The VSWC register controls wait of bus access to the on-chip peripheral I/O registers.
Three clock cycles are required to access an on-chip peripheral I/O register (without a wait cycle). The
V850ES/JG3-L requires wait cycles according to the operating frequency. Set the following value to the
VSWC register in accordance with the frequency used.
This register can be read or written in 8-bit units.
Reset sets this register to 77H (number of waits: 14).

After reset: 77H R/W Address: FFFFFO6EH

7 6 5 4 3 2 1 0
vswe | | | | | | | | |
Operating Frequency (fcik) Set Value of VSWC Number of Waits
32 kHz < feik < 16.6 MHz O00H 0 (no waits)
16.6 MHz < fcik < 20 MHz 01H 1

(b) On-chip debug mode register (OCDM)
For details, see CHAPTER 31 ON-CHIP DEBUG FUNCTION.

(c) Watchdog timer mode register 2 (WDTM2)
The WDTM2 register sets the overflow time and the operation clock of watchdog timer 2.
Watchdog timer 2 automatically starts in the reset mode after reset is released. To specify the operation
of watchdog timer 2, write to the WDTM2 register after reset is released.
For details, see CHAPTER 12 WATCHDOG TIMER 2.
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3.4.9 Cautions

(1) Accessing special on-chip peripheral I/O registers

This product has two types of internal system buses.
One is a CPU bus and the other is a peripheral bus that interfaces with low-speed peripheral hardware.

The clock of the CPU bus and the clock of the peripheral bus are asynchronous.

If an access to the CPU

and an access to the peripheral hardware conflict, therefore, unexpected illegal data may be transferred. If

there is a possibility of a conflict, the number of cycles for accessing the CPU changes when the peripheral

hardware is accessed, so that correct data is transferred. As a result, the CPU does not start processing of

the next instruction but enters the wait status.

execute an instruction increases by the number of wait clocks shown below.
This must be taken into consideration if real-time processing is required.

When special on-chip peripheral I/O registers are accessed, more wait states may be required in addition to
the wait states set by the VSWC register.
The access conditions and how to calculate the number of wait states to be inserted (number of CPU clocks)
at this time are shown below.

Table 3-4. Registers That Requires Waits

If this wait status occurs, the number of clocks required to

Peripheral Function Register Name Access k
16-bit timer/event counter P (TMP) TPnCNT Read 1or2
(n=0to9) TPnCCRO, TPnCCR1 Write o 1" access: No wait
e Continuous write: 3 or 4
Read 1or2
16-bit timer/event counter Q (TMQ) | TQOCNT Read 1or2
TQOCCRO to TQOCCR3 Write e 1% access: No wait
e Continuous write: 3 or 4
Read 1or2
Watchdog timer 2 (WDT2) WDTM2 Write 3
(when WDT?2 operating)
Real-time output function (RTO) RTBLO, RTBHO Write 1
(RTPCO.RTPOEDO bit = 0)
A/D converter ADAOMO Read 1or2
ADAOCRO to ADAOCR11 Read 1or2
ADAOCROH to ADAOCR11H | Read 1or2
I?C00 to I°C02 IICSO0 to lICS2 Read 1
CRC CRCD Write 1

Number of clocks necessary foraccess =3 +i+j+ (2+j) xk

Caution Accessing the above registers is prohibited in the following statuses.

generated, it can only be cleared by a reset.

If await cycleis

e When the CPU operates on the subclock and main clock oscillation is stopped

e When the CPU operates on the internal oscillator clock

(However, this only applies immediately after reset ends or if a WDT2 overflow occurs

during the oscillation stabilization time.)

Remark i:

Value (0) of higher 4 bits of VSWC register

i Value (0 or 1) of lower 4 bits of VSWC register
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(2) Conflict between sld instruction and interrupt request

(a) Description
If a conflict occurs between the decode operation of an instruction in <2> immediately before the sld
instruction following an instruction in <1> and an interrupt request before the instruction in <1> is
complete, the execution result of the instruction in <1> may not be stored in a register.

Instruction <1>
e Idinstruction: Id.b, Id.h, Id.w, Id.bu, Id.hu
¢ sld instruction: sld.b, sld.h, sld.w, sld.bu, sld.hu
e Multiplication instruction: mul, mulh, mulhi, mulu

Instruction <2>

mov regl, reg2 not regl, reg2 satsubr regl, reg2 satsub regl, reg2

satadd regl, reg2 satadd immb5, reg2 or regl, reg2 xor regl, reg2

and regl, reg2 tst regl, reg2 subr regl, reg2 sub regl, reg2

add regl, reg2 add immb5, reg2 cmp regl, reg2 cmp  immb5, reg2

mulh regl, reg2 shr immb5, reg2 sar immb5, reg2 shlimmb5, reg2
<Example>

<i> Ildw [r11],r10 If the decode operation of the mov instruction <ii> immediately before the sld

: instruction <iii> and an interrupt request conflict before execution of the Id
. instruction <i> is complete, the execution result of instruction <i> may not be
stored in a register.
<ii> mov r10, r28

<iii> sld.w 0x28, r10

(b) Countermeasure

<1> When compiler (CA850) is used
Use CA850 Ver. 2.61 or later because generation of the corresponding instruction sequence can be
automatically suppressed.

<2> For assembler
When executing the sld instruction immediately after instruction <ii>, avoid the above operation
using either of the following methods.

¢ Insert a nop instruction immediately before the sld instruction.
¢ Do not use the same register as the sld instruction destination register in the above instruction
<ii> executed immediately before the sld instruction.
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CHAPTER 4 PORT FUNCTIONS

41 Features

O 1/0O port pins: 84 (1 PD70F3737, 70F3738)
83 (u PD70F3792, 70F3793, 70F3841, 70F3842)
¢ N-ch open-drain output selectable: 40 (5 V tolerant: 31)
O Input/output specifiable in 1-bit units

4.2 Basic Port Configuration

The VB50ES/JG3-L features a total of 84/83 1/O port pins organized as ports 0, 1, 3t0 5, 7,9, CM, CT, DH, and DL.
The port configuration is shown below.

Figure 4-1. Port Configuration

IE— P02 P90 ~
Port 0 ! : Port 9
-~ Po6 PO15 f«— =
{<—’ P10 PCMO -
Port 1 - = P11 : Port CM
PCM3 [+=———
IE— P30 PCTO |~—
Port 3 : b3 PCT1 |+—~
PCT4 Port CT
~————{ P40
-~ P42 PDHO [~
~——= P50 l
Port 5 { : PDH4 |-~ PortDH
-~ P55 PDHBN o
- P70 PDLO REE—
Port 7 ! ; }Port DL
- P711 PDL15 f+——»

Note uPD70F3737, 70F3738 only.

Caution Ports 0, 3to 5, and 9 (P90 to P96) are 5 V tolerant.

Table 4-1. 1/O Buffer Power Supplies for Pins

Power Supply Corresponding Pins
AVRero Port 7
AVReF1 Port 1
EVoo RESET, ports 0, 3to 5, 9, CM, CT, DH, DL
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4.3 Port Configuration

The ports consist of the following hardware.

Table 4-2. Port Configuration

Item Configuration

Control registers Port n mode register (PMn:n=0, 1,3t0 5, 7, 9, CD, CM, CT, DH, DL)
Port n mode control register (PMCn: n =0, 3 to 5, 9, CM, CT, DH, DL)
Port n function control register (PFCn: n =0, 3to 5, 9)
Port n function control expansion register (PFCEn: n=0, 3, 5, 9 («PD70F3792, 70F3793, 70F3841,
70F3842)
n=3,5,9 (xPD70F3737, 70F3738))
Port n function register (PFn: n =0, 3t0 5, 9)

Port pins I/O: 84 (LPD70F3737, 70F3738)
83 (uPD70F3792, 70F3793, 70F3841, 70F3842)
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(1) Port n register (Pn)
Data I/0 with external devices is performed by writing to and reading from the Pn register. The Pn register is
made up of a port latch that retains the output data and a circuit that reads the pin status.
Each bit of the Pn register corresponds to one pin of port n and can be read or written in 1-bit units.

After reset: 00H"™ (output latch) ~ R/W

7 6 5 7 3 2 1 0
Pn | Pn7 | P6 | Pns | Pna | Pns | P2 | Pt | Pno |
Pnm Control of output data (in output mode)

0 0 is output.

1 1 is output.

Note This value is undefined for input-only ports.

The operation when writing or reading the Pn register differs depending on the specified mode.

Table 4-3. Reading and Writing Pn Register

PMCn Register Setting PMn Register Setting Writing Pn Register Reading Pn Register
Port mode Output mode Write to the output latch™'®. The value of the output latch
(PMCnm bit = 0) (PMnm bit = 0) The contents of the output latch are output  |is read.
from the pin.
Input mode Write to the output latch™'®. The pin status is read.
(PMnm bit = 1) The status of the pin is not affected.
Alternate-function mode Output mode Write to the output latch™'®. The value of the output latch
(PMCnm bit = 1) (PMnm bit = 0) The status of the pin is not affected. is read.

The pin operates as an alternate-function pin.

the'

Input mode Write to the output latc The pin status is read.

(PMnm bit = 1) The status of the pin is not affected.

The pin operates as an alternate-function pin.

Note The value written to the output latch is retained until a new value is written to the output latch.

The output latch value is cleared by a reset.
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(2) Port n mode register (PMn)
PMn specifies the input mode or output mode of the port.
Each bit of the PMn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: FFH R/W

7 6 5 4 3 2 1 0
PMn [ PMn7 | PMn6 | PMns | PMn4 | PMn3 | PMn2 | Pmnt | PMno |

PMnm Control of I/O mode

0 Output mode

1 Input mode

(8) Port n mode control register (PMCn)
If the port function and the alternate function need to be switched, specify the port mode or the alternate
function mode by using this register.
Each bit of the PMCn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 ! 0
PMCn | pmcn7 | PMCn6 | PMCns | PMCn4 | PMCn3 | PMCn2 | PMCn1 | PMCno |

PMCnm Specification of operation mode

0 Port mode

1 Alternate function mode
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(4) Port n function control register (PFCn)
PFCn is a register that specifies the alternate function to be used when one pin has two or more alternate
functions.
Each bit of the PFCn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 0OH R/W

7 6 5 4 3 2 | 0
PFCn [ PFCn7 | PFCné | PFCns | PFCnd | PFCn3 | PFCn2 | PFCn1 | PFCno |

PFCnm Specification of alternate function
0 Alternate function 1
1 Alternate function 2

(5) Port n function control expansion register (PFCEn)
The PFCEn register specifies the alternate function of a port pin in combination with the PFCn register if the
pin has three or more alternate functions.
Each bit of the PFCERn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
PFCEn | PFCEn7 | PFCEn6 | PFCENS | PFCEn4 | PFCENS | PFCEN2 | PFCENt | PFCENO |

7 6 5 4 3 2 1 0
PFCn | PFCn7 | PFCn6 | PFCns | PFCna | PFCna | PFCn2 | PFCnt | PFCno |

PFCEnm| PFCnm Specification of alternate function
0 0 Alternate function 1
0 1 Alternate function 2
1 0 Alternate function 3
1 1 Alternate function 4
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(6) Port n function register (PFn)
PFn is a register that specifies normal output (CMOS output) or N-ch open-drain output.
Each bit of the PFn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
PFn | PFn7 | PFn6 | PFns | PFn4 | PFn3 | PFn2 | PFnt | PFno |

PFnm™°®®|  Specification of normal output (CMOS output)/N-ch open-drain output

0 Normal output (CMOS output)

1 N-ch open-drain output

Note Regardless of the settings of the PMCn register, the PFnm bit is valid only if the
PMn.PMnm bit is set to 0 (output mode). If the PMnm bit is set to 1 (input mode),

the values specified for the PFn register are invalid.

Example <1> The PFn register values are valid when:
PFnm bit = 1 ... N-ch open drain output is specified.
PMnm bit = 0 ... Output mode is specified.
PMCnm bit = Any value
<2> The PFn register values are invalid when:
PFnm bit = 1 ... N-ch open drain output is specified.
PMnm bit =1 ... Input mode is specified.

PMCnm bit = Any value
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(7) Port setting
Set a port as illustrated below.

Figure 4-2. Setting of Each Register and Pin Function

Port mode
Output mode “0”
PMn register
Input mode “1”

Alternate function
(when two alternate

functions are available) “q

Alternate function 1 “0”

PFCn register PMCn register

Alternate function 2 “qr

Alternate function
(when three or more alternate g
functions are available)

Alternate function 1 (a)
Alternate function2 —_| (b) PFCn register
©) PFCEnm | PFCnm
Alternate function 3 — | PFCERN register (a) 0 0
(d) (b) 0 1
(¢) 1 0
Alternate function 4 (d) 1 1

Remark Set the alternate functions in the following sequence.

<1> Set the PFCn and PFCEn registers.
<2> Set the PMCn register.
<3> Set the INTRn or INTFn register (to specify an external interrupt pin).

If the PMCn register is set first, an unintended function may be set while the PFCn and PFCEn
registers are being set.
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43.1 Port0
Port 0 is a 5-bit port for which 1/O settings can be controlled in 1-bit units.
Port 0 includes the following alternate-function pins.

Table 4-4. Port 0 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
GC F1 Name Name o)
17 J2, | P02 NMI (/A21) " Input/ Selectable as N-ch L-q M) N-2 M2
7% GaM Output " open-drain output
18 G3 P03 INTPO/ADTRG (/RTC1HZ)"™* | 1/O N-1 "' y-15"*
19 H4 P04 INTP1 (/RTCDIV/RTCCL)""* I/0 L-1"%*" N-2M
20 J3 P05 INTP2/DRST™* Input AA-1
21 J4 P06 INTP3 Input L-1

Notes 1. 4PD70F3737, 70F3738 only.
2. uPD70F3792, 70F3793, 70F3841, 70F3842 only.
3. The ﬁpin is used for on-chip debugging.
If on-chip debugging is not used, fix the POS/INTP2/DRST pin to low level between when the reset
signal of the RESET pin is released and when the OCDM.OCDMO bit is cleared (0).

For details, see 4.6.3 Cautions on on-chip debug pins.

Caution The P02 to P06 pins have hysteresis characteristics in the input mode of the alternate function,
but do not have hysteresis characteristics in the port mode.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)

(1) Port 0 register (P0)

After reset: 00H (output latch) R/W Address: FFFFF400H

7 6 5 4 3 2 1 0
PO | o | Pos | Pos | Poa | Po3 | P2 | o | o |
PONn Output data control (in output mode) (n = 2 to 6)

0 Outputs 0

1 Outputs 1
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(2) Port 0 mode register (PMO0)

After reset: FFH R/W  Address: FFFFF420H

7 6 5 4 3 2 1 0
Pmo | 1 | Pmos | Pmos | Pmos | Pmos | Pmoz | 1 | 1 |
PMONn 1/0O mode control (n = 2 to 6)

0 Output mode

1 Input mode

(3) Port 0 mode control register (PMCO)

After reset: 00H R/W  Address: FFFFF440H

7 6 5 4 3 2 1 0
PMco | o | Pmcos | PMcos | Pmco4 | PmMcos [ PMco2 | o | o |
PMCO06 Specification of pin operation
0 I/0 port (p06)
1 INTP3 input
PMCO05 Specification of pin operation
0 I/O port (p05)
1 INTP2 input
PMCO04 Specification of pin operation
0 I/O port (p04)
1 INTP1 input (/RTCDIV output/RTCCL output)Nete
PMCO03 Specification of pin operation
0 I/0 port (p03)
1 INTPO input/ADTRG input (/RTC1HZ output)Nete
PMCO02 Specification of pin operation
0 I/0 port (p02)
1 NMI input (/A21 output)Note

Note w4PD70F3792, 70F3793, 70F3841, 70F3842 only.

Caution The PO5/INTP2/DRST pin becomes the DRST pin regardless of the value of the PMCO5 bit
when the OCDM.OCDMO bit is 1.
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(4) Port 0 function control register (PFCO0)

After reset: 00H R/W  Address: FFFFF460H

7 6 5 4 3 2 1 0
PFCO | o | o | o [PFcoave PFCo3 |PFCO2Mr

Note uPD70F3792, 70F3793, 70F3841, 70F3842 only

Remark For details of alternate function specification, see 4.3.1 (6) Port 0 alternate function
specifications.

(5) Port 0 function control expansion register (PFCEOQ) (xPD70F3792, 70F3793, 70F3841, 70F3842 only)

After reset: 00H R/W Address: FFFFF700H

6 5 4 3 2 ! 0
PFCEO | o | o | o |[prceoa|PFcEos] o | o | o |

Remark For details of alternate function specification, see 4.3.1 (6) Port 0 alternate function
specifications.

(6) Port 0 alternate function specifications

PFCEO04 PFCO04 Specification of P04 pin alternate function
0 0 INTP1 input
0 1 RTCDIV output **
1 0 RTCCL output "
1 1 Setting prohibited
PFCEO03 PFCO03 Specification of P03 pin alternate function
0 0 INTPO input
0 1 ADTRG input
1 0 Setting prohibited
1 1 RTC1HZ output **°
PFC02 Specification of P02 pin alternate function
0 NMI input
1 A21 output™*®

Note  uPD70F3792, 70F3793, 70F3841, 70F3842 only.
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(7) Port 0 function register (PF0)

After reset: 00H R/W Address: FFFFFC60H

7 6 5 4 3 2 1 0
PF0 | o | PFos | PFos | PFo4 | PFos | PFo2 | o | o |

PFOn | Specification of normal output (CMOS output) or N-ch open-drain output (n = 2 to 6)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution When an output pin is pulled up to EVoo or higher, be sure to set the PFOn bit to 1.
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43.2 Port1i
Port 1 is a 2-bit port for which 1/O settings can be controlled in 1-bit units.
Port 1 includes the following alternate-function pins.

Table 4-5. Port 1 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
GC Fi Name Name e}
3 E3 P10 ANOO Output - A-2
4 E4 P11 ANO1 Output - A-2

Caution When the power is turned on, the P10 and P11 pins may output an undefined level temporarily even
during reset.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)

(1) Port 1 register (P1)

After reset: 00H (output latch) R/W Address: FFFFF402H

4 3 2 1 0
Pt | o | o | o | o | o | o | P11 | pio |
P1n Output data control (in output mode) (n =0, 1)

0 OQutputs 0

1 Outputs 1

Caution Do not read or write the P1 register during D/A conversion (see 15.4.3 Cautions).
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(2) Port 1 mode register (PM1)

After reset: FFH R/W  Address: FFFFF422H

7 6 5 4 3 2 ! 0
i |1 [ 1 [ 1 [ 1 [ 1 [ 1 ] emit | Pwio |
PM1n 1/0O mode control (n =0, 1)

0 Output mode

1 Input mode

Cautions 1. When using P1n as the alternate function (ANOn pin output), specify the input mode
(PM1n bit = 1).

2. When using one of the P10 and P11 pins as an I/O port and the other as a D/A output

pin, do so in an application where the port I/0O level does not change during D/A output.
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43.3 Port3

Port 3 is a 10-bit port for which I/O settings can be controlled in 1-bit units.
Port 3 includes the following alternate-function pins.

Table 4-6. Port 3 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type

GC F1 Name Name 7o)

25 L3 P30 TXDA0/SOB4 Output | Selectable as N-ch open-drain output | G-3

26 K3 P31 RXDAO/INTP7/ Input N-3
SiB4

27 L4 P32 ASCKAO/SCKB4/ I/0 u-1
TIPOO/TOPO0O

28 K4 P33 TIPO1/TOPO1 /0 G-1

29 K5 P34 TIP10/TOP10 /0 G-1

30 J5 P35 TIP11/TOP11 1/0 G-1

31 H5 P36 TXDA3"™*' Output C-1", D-2"*

32 J6 P37 RXDA3 "' Input C-1"*2 D-1 %

35 H6 P38 TXDA2/SDA00O 110 G-12

36 H7 P39 RXDA2/SCL00 110 G-6

Notesl. 4PD70F3792, 70F3793, 70F3841, 70F3842 only.
2. uPD70F3737, 70F3738 only.

Caution

The P31 to P35, P37, P38, and P39 pins have hysteresis characteristics in the input mode of the

alternate-function pin, but do not have hysteresis characteristics in the port mode.

Remark

F1: 121-pin plastic FBGA (8 x 8)

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

RO1UHO165EJ0900 Rev.9.00

Mar 25, 2014

RRENESAS

Page 109 of 1113



V850ES/JG3-L CHAPTER 4 PORT FUNCTIONS

(1) Port 3 register (P3)

After reset: 0000H (output latch) R/W Address: P3 FFFFF406H,
P3L FFFFF406H, P3H FFFFF407H

15 14 13 12 11 10 9 8
P3P3H) | o | o | o | o | o | o | ps | Pss |
7 6 5 4 3 2 ! 0
PaL) | Pa7 | Pas | Pas | Paa | Pas | Pa2 | P31 | P30 |
P3n Output data control (in output mode) (n =0 to 9)
0 Outputs 0
1 Outputs 1

Remarks 1. The P3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the P3 register as the P3H register and the lower 8
bits as the P3L register, P3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the P3 register in 8-bit or 1-bit units, specify them as bits 0 to 7 of
the P3H register.

(2) Port 3 mode register (PM3)

After reset: FFFFH R/W Address: PM3 FFFFF426H,
PM3L FFFFF426H, PM3H FFFFF427H

15 14 13 12 11 10 9 8
PmaPmaH) [ 1 | 1 | 1 | 1 | 1 | 1 | puse | pmas |
7 6 5 4 3 2 1 0

(PM3L) | Pm37 | Pmss | Pm3s | Pm34 | Pma3 | Pms2 | pma1 | Pmao |

PM3n 1/0 mode control (n = 0 to 9)

0 Output mode

1 Input mode

Remarks 1. The PMS3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMS3 register as the PM3H register and the lower
8 bits as the PM3L register, PM3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PMS3 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PM3H register.
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(3) Port 3 mode control register (PMC3)

After reset: 0000H R/W Address: PMC3 FFFFF446H,
PMCBL FFFFF446H, PMC3H FFFFF447H
15 14 13 12 11 10 9 8
pmcaPmcaH) [ o | o | o | o | o | o |Pvcas | Pvcss |
7 6 5 4 3 2 1 0
(PMC3L) | PmC37 | PMC36 | PMC3s | PMC34 | PMCas | PMca2 | Pmcat | Pmczo |
PMC39 Specification of pin operation

0 | 1/O port (P39)

1 RXDA2 input/SCL00 I/O

Specification of pin operation

0 | 1/O port (P38)

1 TXDA2 output/SDAOO I/O

Specification of pin operation

0 | I/0port (P37)

1 RXDA3 inputNet

Specification of pin operation

0 | 1O port (P36)

1 TXDAS outputNot®

Specification of pin operation

0 |10 port (P35)

1 TIP11 input/TOP11 output

Specification of pin operation

0 | 1/O port (P34)

1 TIP10 input/TOP10 output

Specification of pin operation

0 |10 port (P33)

1 TIPO1 input/TOPO1 output

Specification of pin operation

0 |10 port (P32)

1 ASCKAO input/SCKB4 I/O/TIP00 input/TOPOO output

Specification of pin operation

0 |10 port (P31)

1 RXDAOQ input/SIB4 input/INTP7 input

Specification of pin operation

0 |10 port (P30)

1 TXDAO output/SOB4 output

Note uPD70F3792, 70F3793, 70F3841, 70F3842 only

Caution Be sure to clear bits 15 to 10 to “0”.

Remarks 1. The PMC3 register can be read or written in 16-bit units.

of the PMC3H register.

However, when using the higher 8 bits of the PMC3 register as the PMC3H register and the
lower 8 bits as the PMCS3L register, PMCS3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PMC3 register in 8-bit or 1-bit units, specify them as bits 0 to 7
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(4) Port 3 function control register (PFC3)

After reset: 0000H R/W Address: PFC3 FFFFF466H,
PFC3L FFFFF466H, PFC3L FFFFF467H

15 14 13 12 11 10 9 8

PFC3(PFC3H) | o | o | o | o | o | o |PFcas | pFcas |
7 6 5 4 3 2 1 0

PFcal) | o | o | prcas | PFca4 | PFcas | Prcaz | pFcat | prcao |

Remarks 1. For details of alternate function specification, see 4.3.3 (6) Port 3 alternate function
specifications.
2. The PFC3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFC3 register as the PFC3H register and the
lower 8 bits as the PFC3L register, PFC3 can be read or written in 8-bit and 1-bit units.
3. To read/write bits 8 to 15 of the PFC3 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PFC3H register.

(5) Port 3 function control expansion register L (PFCE3L)

After reset: 00H R/W Address: FFFFF706H

4 32 1 0
PrecesL | o | o | o | o | o |prcE;2] o | o |

Remark For details of alternate function specification, see 4.3.3 (6) Port 3 alternate function
specifications.
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(6) Port 3 alternate function specifications

PFC39 Specification of P39 pin alternate function
0 RXDAZ2 input
1 SCLO00 I/0

PFC38 Specification of P38 pin alternate function
0 TXDAZ2 output
1 SDAOO I/0

PFC35 Specification of P35 pin alternate function
0 TIP11 input
1 TOP11 output

PFC34 Specification of P34 pin alternate function
0 TIP10 input
1 TOP10 output

PFC33 Specification of P33 pin alternate function
0 TIPO1 input
1 TOPO1 output

PFCE32 PFC32 Specification of P32 pin alternate function
0 0 ASCKAQO input
0 1 SCKB4 1/0
1 0 TIPOO input
1 1 TOPOO output

PFC31 Specification of P31 pin alternate function
0 RXDAQ input/INTP7""* input
1 SIB4 input

PFC30 Specification of P30 pin alternate function
0 TXDAO output
1 SOB4 output

Note INTP7 and RXDADO are alternate functions. When using the pin for RXDAO, disable edge detection

for INTP7 (clear the INTF3.INTF31 bit and the INTR3.INTR31 bit to 0).

INTP7, stop UARTAQO reception (clear the UAOCTLO.UAORXE bit to 0).

When using the pin for
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(7) Port 3 function register (PF3)

After reset: 0000H R/W Address: PF3 FFFFFC66H,
PF3L FFFFFC66H, PF3H FFFFFC67H

15 14 13 12 11 10 9 8
PF3PF3H) | o | o [ o | o | o | o | prao | pras |
7 6 5 4 3 2 1 0

(PF3L) | PFa7 | PF3s | PF35 | PFa4 | PFa3 | PF32 | PF31 | PF30 |

PF3n | Specification of normal output (CMOS output) or N-ch open-drain output (n =0 to 9)
0 Normal output (CMOS output)

1 N-ch open-drain output

Caution When an output pin is pulled up to EVoo or higher, be sure to set the PF3n bit to 1.

Remarks 1. The PF3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PF3 register as the PF3H register and the lower
8 bits as the PF3L register, PF3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PF3 register in 8-bit or 1-bit units, specify them as bits 0 to 7 of
the PF3H register.
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434 Port4
Port 4 is a 3-bit port that controls 1/O in 1-bit units.
Port 4 includes the following alternate-function pins.

Table 4-7. Port 4 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
GC F1 Nams Name 7o}
22 K1 P40 SIBO/SDAO1 110 Selectable as N-ch open-drain output G-6
23 K2 P41 SOB0/SCLO1 1/0 G-12
24 L2 P42 SCKBO /0 E-3

Caution The P40 to P42 pins have hysteresis characteristics in the input mode of the alternate-function
pin, but do not have hysteresis characteristics in the port mode.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)

(1) Port 4 register (P4)

After reset: 00H (output latch) R/W Address: FFFFF408H

5 4 3 2 1 0
Pa | o | o | o | o | o [ pe2 | Pst | Pao |
P4n QOutput data control (in output mode) (n =0 to 2)
0 Outputs 0
1 Qutputs 1

(2) Port 4 mode register (PM4)

After reset: FFH R/W Address: FFFFF428H

7 6 5 4 3 2 1 0
Pma | 1 | 1 [ 1 | 1 | 1 | pmaz | Pmat | Pmdo |
PM4n 1/0O mode control (n =0 to 2)

0 OQutput mode

1 Input mode
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(3) Port 4 mode control register (PMC4)

After reset: 00H R/W Address: FFFFF448H

4 3 2 1 0
Pmca [ o | o | o | o | o |[Pmca2 | Pmcat | PMC40 |
PMC42 Specification of pin operation
0 1/0 port (P42)
1 SCKBO I/0
PMC41 Specification of pin operation

0 1/0 port (P41)
1 SOBO output/SCLO1 I/O

PMC40 Specification of pin operation
0 1/0 port (P40)
1 SIBO input/SDA01 I/O

(4) Port 4 function control register (PFC4)

After reset: 00H R/W  Address: FFFFF468H

7 6 5 4 3 2 1 0
PFca [ o | o | o | o | o | o |PFcat | PFcdo |
PFC41 Specification of P41 pin alternate function

0 SOBO output
1 SCLO1 1/0

PFC40 Specification of P40 pin alternate function
0 SIBO input
1 SDAO01 I/0

(5) Port 4 function register (PF4)

After reset: 00H R/W Address: FFFFFC68H

7 6 5 4 3 2 ! 0
P4 [ o | o | o | o | o | pra2 | PFa1 | PFao |

PF4n | Specification of normal output (CMOS output) or N-ch open-drain output (n = 0 to 2)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution When an output pin is pulled up to EVoo or higher, be sure to set the PF4n bit to 1.
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435 Port5

Port 5 is a 6-bit port that controls 1/O in 1-bit units.

Port 5 includes the following alternate-function pins.

Table 4-8. Port 5 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type

GC Fi Name Name 1o)

37 L7 P50 TIQO1/KRO/TOQO1/RTPOO 110 Selectable as N-ch u-5

38 K7 P51 TIQO2/KR1/TOQ02/RTPO1 o | open-drain output U-5

39 J7 P52 TIQO3/KR2/TOQO3/RTPO2/ 10 u-6
DDI"*

40 L8 P53 SIB2/KR3/TIQ00/TOQO0/ I/0 u-7
RTP0O3/DDO™"*

41 K8 P54 SOB2/KR4/RTP04/DCK"* I/0 u-8

42 J8 P55 SCKB2/KR5/RTP05/DMS™* /0 u-9

Note The DDI, DDO, DCK, and DMS pins are used for on-chip debugging.

Cautions 1. When the power is turned on, the P53 pin may output an undefined level temporarily even
during reset.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin

plastic FBGA (8 x 8)

(1) Port 5 register (P5)

2. The P50 to P55 pins have hysteresis characteristics in the input mode of the alternate
function, but do not have hysteresis characteristics in the port mode.

After reset:

O0H (output latch) ~ R/W  Address: FFFFF40AH

7 6 5 4 2 1 0
o | o | pPss | psa | Ps3a | Ps2 | Pst | Pso |
P5n Output data control (in output mode) (n = 0 to 5)

0 Outputs 0

1 Outputs 1
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(2) Port 5 mode register (PM5)

After reset: FFH ~ R/W  Address: FFFFF42AH

7 6 5 4 3 2 1 0
Pms | 1 | 1 | Pmss | Pms4 | Pms3 | PMs2 | PMst | PMso |
PM5n 1/0 mode control (n =0 to 5)

0 Output mode

1 Input mode

(3) Port 5 mode control register (PMC5)

After reset: 00H R/W Address: FFFFF44AH

7 6 5 4 3 2 1 0
PMcs [ o | o | PMCs5 | PMCs4 | PMC53 | PMC52 | PMC51 | PMCSO |
PMC55 Specification of pin operation

0 I/O port (P55)
1 SCKB2 I/O/KR5 input/RTPO5 output

PMC54 Specification of pin operation
0 I/O port (P54)
1 SOB2 output/KR4 input/RTP04 output

PMC53 Specification of pin operation
0 I/O port (P53)
1 SIB2 input/KR3 input/TIQ00 input/TOQO0 output/RTP0O3 output

PMC52 Specification of pin operation
0 I/0 port (P52)
1 TIQO03 input/KR2 input/TOQO3 output/RTPO2 output

PMC51 Specification of pin operation
0 I/O port (P51)
1 TIQO02 input/KR1 input/TOQO2 output/RTPO1 output

PMC50 Specification of pin operation
0 I/O port (P50)
1 TIQO1 input/KRO input/TOQO1 output/RTPO0 output
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(4) Port 5 function control register (PFC5)

After reset: 00H R/W Address: FFFFF46AH

6 5 4 3 2 ! 0
PFCs | 0 | o | PFcss | Prosa | PFCss | PFCs2 | PFCst | PFCSO |

Remark For details of alternate function specification, see 4.3.5 (6) Port 5 alternate function
specifications.

(5) Port 5 function control expansion register (PFCE5)

After reset: 00H R/W Address: FFFFF70AH

7 6 5 4 3 2 1 0
PFCEs | o | o | PFCES5|PFCES4 | PFCES3 | PFCES2 | PFCES1 | PFCESO |

Remark For details of alternate function specification, see 4.3.5 (6) Port 5 alternate function
specifications.

(6) Port 5 alternate function specifications

PFCES55 PFC55 Specification of P55 pin alternate function
0 0 SCKB2 1/0
0 1 KR5 input
1 0 Setting prohibited
1 1 RTPO5 output
PFCE54 PFC54 Specification of P54 pin alternate function
0 0 SOB2 output
0 1 KR4 input
1 0 Setting prohibited
1 1 RTPO04 output
PFCES53 PFC53 Specification of P53 pin alternate function
0 0 SIB2 input
0 1 TIQOO input/KR3"* input
1 0 TOQOO output
1 1 RTPO3 output
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PFCE52 PFC52 Specification of P52 pin alternate function
0 0 Setting prohibited
0 1 TIQO3 input/KR2"* input
1 0 TOQO3 input
1 1 RTPO2 output
PFCES51 PFC51 Specification of P51 pin alternate function
0 0 Setting prohibited
0 1 TIQO2 input/KR1"* input
1 0 TOQO2 output
1 1 RTPO1 output
PFCES50 PFC50 Specification of P50 pin alternate function
0 0 Setting prohibited
0 1 TIQO1 input/KRO"" input
1 0 TOQO1 output
1 1 RTPOO output

Note KRn and TIQOm are alternate functions.

When using the pin for TIQOm, disable key return

detection for KRn (clear the KRM.KRMn bit to 0). When using the pin for KRn, disable edge

detection for TIQOm (n=0to 3, m=0to 3).

Alternate Function Name

Use as TIQOm Function

Use as KRn Function

KRO/TIQO1 KRM.KRMO bit = 0 TQOIOC1.TQOTIG2, TQOIOC1. TQOTIG3 bits =0
KR1/TIQ02 KRM.KRM1 bit = 0 TQOIOC1.TQOTIG4, TQOIOC1.TQOTIGS bits =0
KR2/TIQ03 KRM.KRM2 bit = 0 TQOIOC1.TQOTIG6, TQOIOC1.TQOTIG? bits =0
KR3/TIQ00 KRM.KRMS3 bit = 0 TQOIOC1.TQOTIGO, TQOIOC1.TQOTIG1 bits =0

TQOIOC2.TQOEESO, TQOIOC2.TQOEES1 bits =0
TQOIOC2.TQOETSO0, TQOIOC2.TQOETS1 bits =0
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(7) Port 5 function register (PF5)

After reset: 00H R/W Address: FFFFFC6AH

7 6 5 4 3 2 1 0
PFs | o | o | Prss | PFs4 | PFs3 | PFs2 | PFs1 | PF50 |

PF5n | Specification of normal output (CMOS output) or N-ch open-drain output (n = 0 to 5)

0 Normal output (CMOS output)

1 N-ch open-drain output

Cautions 1. When an output pin is pulled up to EVob or higher, be sure to set the PF5n bit to 1.
2. Bits 6 and 7 of the PF5 register must always be set to 0.
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43.6 Port7
Port 7 is a 12-bit port for which I/O settings can be controlled in 1-bit units.

Port 7 includes the following alternate-function pins.

Table 4-9. Port 7 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type

GC | F1 Name Name /0

100 A3 P70 ANIO Input - A-1
99 B3 P71 ANN Input A-1
98 C3 P72 ANI2 Input A-1
97 D3 P73 ANI3 Input A-1
96 A4 P74 ANI4 Input A-1
95 B4 P77 ANI5 Input A-1
94 C4 P76 ANI6 Input A-1
93 D4 P77 ANI7 Input A-1
92 A5 P78 ANI8 Input A-1
91 B5 P79 ANI9 Input A-1
920 C5 P710 ANI10 Input A-1
89 D5 P711 ANI11 Input A-1

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
121-pin plastic FBGA (8 x 8)

F1:
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(1) Port 7 register H, port 7 register L (P7H, P7L)

After reset: 00H (output latch) R/W Address: P7L FFFFF40EH, P7H FFFFF40FH

7 6 5 4 3 2 1 0
pH | o | o | o | o | Pt | prio | pPro | P78 |
7 6 5 4 3 2 1 0
pr | P77 | pre | Prs | P4 | pra | P2 | pr1 | P70 |
P7n Output data control (in output mode) (n=0to 11)

0 Outputs 0

1 Qutputs 1

Caution Do not read or write the P7H and P7L registers during A/D conversion (see 14.6 (4)
Alternate 1/0O).

Remark These registers cannot be accessed in 16-bit units as the P7 register. They can be read or
written in 8-bit or 1-bit units as the P7H and P7L registers.

(2) Port 7 mode register H, port 7 mode register L (PM7H, PM7L)

After reset: FFH R/W Address: PM7L FFFFF42EH, PM7H FFFFF42FH

7 6 5 4 3 2 1 0
PM7H | 1 1 1 1| pm711 | Pm7i0 | Pm7o | Pum7e |
7 6 5 4 3 2 1 0

PM7L | Pm77 | Pwm7e | Pwm7s | Pm74 | PM73 | P72 | P71 | Pm7o |

PM7n 1/0O mode control (n =0to 11)

0 Output mode

1 Input mode

Caution When using the P7n pin as its alternate function (ANIn pin), set the PM7n bit to 1.

Remark These registers cannot be accessed in 16-bit units as the PM7 register. They can be read or
written in 8-bit or 1-bit units as the PM7H and PM7L registers.
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4.3.7 Port9
Port 9 is a 16-bit port for which I/O settings can be controlled in 1-bit units.

Port 9 includes the following alternate-function pins.

Table 4-10. Port 9 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
GC F1 Name Name /0
43 H8 P90 (A0)""**/KR6/TXDA1/SDA02 /0 | Selectable as N-ch u-10
44 L9 P91 | (A1)“*/KR7/RXDA1/SCLO2 /o | ©open-drain output U-11
45 K9 P92 | (A2)"*/TIP41/TOP41 (/TXDA4)"" I/0 U-12""= U-16"*
46 J9 P93 | (A3)"*/TIP40/TOP40 (/RXDA4)""" /0 U-12"%, U-14""
47 L10 P94 | (A4)“*/TIP31/TOP31 (/TXDA5)""' I/0 U-12"*, U-16"""'
48 K10 P95 | (A5)"**/TIP30/TOP30 (/RXDA5)""" /0 U-12"% U-14"
49 K11 P96 | (A6)"'* (/TXDCO)"™' /TIP21/TOP21 I/0 U-13"*, U-16"""'
50 J11 P97 | (A7)""*/SIB1 (/RXDC0)""*"/TIP20 1’0 U-14
/TOP20
51 J10 P98 | (A8)"*/SOB1 Output G-3
52 H11 P99 | (A9)“*/SCKB1 110 G-5
53 H10 P910 | (A10)*/SIB3 /0 G-2
54 H9 P911 | (A11)***/SOB3 Output G-3
55 G11 P912 | (A12)"*/SCKB3 I/0 G-5
56 G10 P913 | (A13)"*/INTP4 I/0 N-2
57 G9 P914 | (A14)*/INTP5/TIP51/TOP51 /0 U-15
58 G8 P915 | (A15)*/INTP6/TIP50/TOP50 /0 U-15
Notes 1. uPD70F3792, 70F3793, 70F3841, 70F3842 only.
2.  uPD70F3737, 70F3738 only.
3. uPD70F3737, 70F3738, 70F3792, 70F3793 only.
Caution The P90 to P97, P99, P910, and P912 to P915 pins have hysteresis characteristics in the input

Remark

mode of the alternate-function pin, but do not have hysteresis characteristics in the port mode.

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

F1: 21-pin plastic FBGA (8 x 8)
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(1) Port 9 register (P9)

After reset: 0000H (output latch) R/W Address: P9 FFFFF412H,
PIL FFFFF412H, POH FFFFF413H

15 14 13 12 11 10 9 8
PO(POH) | Pots | Pot4 | Po13 | Po12 | Pot1 | Poto | Po9 | Pes |
7 6 5 4 3 2 1 0
PoL) | Po7 | Pos | Pos | Poa | Pe3 | Po2 | Pot | Poo |
P9n Output data control (in output mode) (n =0 to 15)
0 Outputs 0
1 Outputs 1

Remarks 1. The P9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the P9 register as the P9H register and the lower 8
bits as the PIL register, P9 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the P9 register in 8-bit or 1-bit units, specify them as bits 0 to 7 of
the P9H register.

(2) Port 9 mode register (PM9)

After reset: FFFFH R/W Address: PM9 FFFFF432H,
PM9L FFFFF432H, PM9H FFFFF433H

15 14 13 12 11 10 9 8
PM9 (PMoH) | PM15 | PMo14 | Pmot3 | PMo12 | Pmot1 | PMoto | Pmoo | Pmes |

7 6 5 4 3 2 ! 0
(PMOL) | PMo7 | PM9s | PM95 | PMo4 | PM93 | PM92 | PMo1 | Pmoo |

PM9n I/0O mode control (n =0 to 15)

0 Output mode

1 Input mode

Remarks 1. The PM9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PM9 register as the PM9H register and the lower
8 bits as the PMOIL register, PM9 can be read or written in 8-bit and 1-bit units.
2. To read/write bits 8 to 15 of the PM9 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PM9H register.
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(3) Port 9 mode control register (PMC9)

(1/2)

After reset: 0000H R/W Address: PMC9 FFFFF452H,
PMC9OL FFFFF452H, PMC9H FFFFF453H

15 14 13 12 11 10 9 8
PMC9 (PMC9H) [ PMC915| PMCO14 | PMC913 | PMC912 | PMC911 | PMCa10 | PMC99 | PMmCes |

7 6 5 4 3 2 1 0
(PMcoL) | PMco7 | PMCo6 | PMCo5 | PMCo4 | Pmcos | PMcez | PMcet | PMCoo |

PMC915 Specification of pin operation
0 1/0 port (P915)
1 (A15 output)Note/INTP6 input/TIP50 input/TOP50 output

PMC914 Specification of pin operation
0 I/O port (P914)
1 (A14 output)Nete/INTP5 input/TIP51 input/TOP51 output

PMC913 Specification of pin operation
0 I/O port (P913)
1 (A13 output)Note/INTP4 input

PMC912 Specification of pin operation
0 I/0 port (P912)
1 (A12 output)Nete/SCKB3 1/0

PMC911 Specification of pin operation
0 I/O port (P911)
1 (A11 output)Note/SOB3 output

PMC910 Specification of pin operation
0 I/O port (P910)
1 (A10 output)Nete/S|B3 input

PMC99 Specification of pin operation
0 I/0 port (P99)
1 (A9 output)Nete/SCKB1 I/O

PMC98 Specification of pin operation
0 I/O port (P98)
1 (A8 output)Note/SOB1 output

Note  uPD70F3737, 70F3738, 70F3792, 70F3793 only.

Remarks 1. The PMC9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMC9 register as the PMC9H register and the
lower 8 bits as the PMCOL register, PMC9 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PMC9 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PMC9H register.
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(212)

Specification of pin operation

1/O port (P97)

(A7 output)N°¢2/SIB1 input (/RXDCO input)N°te '/TIP20 input/TOP20 output

Specification of pin operation

1/O port (P96)

(A6 output)Nete2 (JTXDCO output)Nete 1/TIP21 input/TOP21 output

Specification of pin operation

1/0 port (P95)

(A5 output)N°** Z/TIP30 input/TOP30 output (/RXDA5 input)Note !

Specification of pin operation

1/0 port (P94)

(A4 output)N°** #TIP31 input/TOP31 output (/TXDAS5 output)Note !

Specification of pin operation

1/0 port (P93)

(A3 output)N°*® 2/TIP40 input/TOP40 outputt (/RXDA4 input)Nete !

Specification of pin operation

1/O port (P92)

(A2 output)N°2/TIP41 input/TOP41 output (/TXDA4 output)Nete !

Specification of pin operation

1/0 port (P91)

(A1 output)N°eKR7 input/RXDA1 input/SCLO2 I/O

Specification of pin operation

1/0 port (P90)

(A0 output)N°eZKR6 input/TXDA1 output/SDA02 I/O

Notes 1. PD70F3792, 70F3793, 70F3841, 70F3842 only.
2. ©PD70F3737,70F3738, 70F3792, 70F3793 only.

Caution When using the A0 to A15 pins as the alternate functions of the P90 to P915 pins, be
sure to set all 16 bits of the PMC9 register to FFFFH at once.
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(4) Port 9 function control register (PFC9)

Caution When performing separate address bus output (A0 to A15), set the PMC9 register to FFFFH
for all 16 bits at once after clearing the PFC9 and PFCES9 registers to 0000H.

After reset: 0000H R/W Address: PFC9 FFFFF472H,
PFCOL FFFFF472H, PFCOH FFFFF473H

15 14 13 12 1 10 9 8
PFC9 (PFCOH) | PFCo15 | PFCO14 | PFCO13| PFCo12 | PFCO11 | PFCO10 | PFCO9 | PFCo8 |

7 6 5 4 3 2 1 0
(PFCOL) | PFco7 | PFCes | PFCos | PFCoa | PFCes | PFCo2 | PFCot | PFCoo |

Remarks 1. For details of alternate function specification, see 4.3.7 (6) Port 9 alternate function
specifications.
2. The PFC9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFC9 register as the PFC9H register and the
lower 8 bits as the PFCOL register, PFC9 can be read or written in 8-bit or 1-bit units.
3. To read/write bits 8 to 15 of the PFC9 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PFC9H register.

(5) Port 9 function control expansion register (PFCE9)

Caution When performing separate address bus output (A0 to A15), set the PMC9 register to FFFFH
for all 16 bits at once after clearing the PFC9 and PFCES9 registers to 0000H.

After reset: 0000H ~ R/W  Address: PFCE9 FFFFF712H,
PFCE9L FFFFF712H, PFCE9H FFFFF713H

15 14 13 12 11 10 9 8
PFCE9 (PFCESH) |PFCE915|/PFCEQ14 o | o | o | o | o | o |
7 6 5 4 3 2 1 0

(PFCESL) | PFCE97 | PFCE96 | PFCE95 | PFCE94 | PFCE93 | PFCE92 | PFCE91 | PFCEQO |

Remarks 1. For details of alternate function specification, see 4.3.7 (6) Port 9 alternate function
specifications.
2. The PFCED9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFCE9 register as the PFCE9H register and the
lower 8 bits as the PFCE9L register, PFCE9 can be read or written in 8-bit or 1-bit units.
3. To read/write bits 8 to 15 of the PFCE9 register in 8-bit or 1-bit units, specify them as bits 0 to
7 of the PFCE9H register.
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(6) Port 9 alternate function specifications

PFCE915 PFC915 Specification of P915 pin alternate function
0 0 (A15 output)"™=®
0 1 INTP6 input
1 0 TIP50 input
1 1 TOP50 output
PFCE914 PFC914 Specification of P914 pin alternate function
0 0 (A14 output)"*®
0 1 INTP5 input
1 0 TIP51 input
1 1 TOP51 output
PFC913 Specification of P913 pin alternate function
0 (A13 output)"™=*
1 INTP4 input
PFC912 Specification of P912 pin alternate function
0 (A12 output)"*=®
1 SCKB3 1/0
PFC911 Specification of P911 pin alternate function
0 (A11 output)"**®
1 SOBS3 output
PFC910 Specification of P910 pin alternate function
0 (A10 output)"*=®
1 SIB3 input
PFC99 Specification of P99 pin alternate function
0 (A9 output)"™=*
1 SCKBT11/0
PFC98 Specification of P98 pin alternate function
0 (A8 output)"™*=*
1 SOB1 output
PFCE97 PFC97 Specification of P97 pin alternate function
0 0 (A7 output)™=?*
0 1 SIB1 input (/RXDCO input)*="?
1 0 TIP20 input
1 1 TOP20 output

Notes 1. xPD70F3792, 70F3793, 70F3841, 70F3842 only.

2. The SIB1 and RXDCO functions cannot be used at the same time.
pin for SIB1, stop UARTCO reception. (clear the UCOCTLO0.UCORXE bit to 0.)
When using the pin for RXDCO, stop CSIBO reception. (clear the
CB1CTL0.CB1RXE bit to 0.)

3. ©uPD70F3737, 70F3738, 70F3792, 70F3793 only.

When using the
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PFCE96 PFC96 Specification of P96 pin alternate function
0 0 (A6 output)"=®
0 1 TXDCO output™™'
1 0 TIP21 input
1 1 TOP21 output

PFCE95 PFC95 Specification of P95 pin alternate function
0 0 (A5 output)"*=®
0 1 TIP30 input
1 0 TOP30 output
1 1 RXDAS5 input™*'

PFCE94 PFC94 Specification of P94 pin alternate function
0 0 (A4 output)"=®
0 1 TIP31 input
1 0 TOP31 output
1 1 TXDAS output ™'

PFCE93 PFC93 Specification of P93 pin alternate function
0 0 (A3 output)"=®
0 1 TIP40 input
1 0 TOP40 output
1 1 RXDA4 input"™'

PFCE92 PFC92 Specification of P92 pin alternate function
0 0 (A2 output)"=®
0 1 TIP41 input
1 0 TOP41 output
1 1 TXDA4 output ™'

PFCE91 PFCO1 Specification of P91 pin alternate function
0 0 (A1 output)>=®
0 1 KR7 input
1 0 RXDAT1 input/KR7 input"*®
1 1 SCLO2 I/0

PFCE90 PFC90 Specification of P90 pin alternate function
0 0 (A0 output)"=®
0 1 KR6 input
1 0 TXDAT1 output
1 1 SDAO02 I/0

Notes 1. xPD70F3792, 70F3793, 70F3841, 70F3842 only.
2. The RXDA1 and KR7 functions cannot be used at the same time. When using the pin for RXDA1, do not

use the KR7 function.

uPD70F3737, 70F3738, 70F3792, 70F3793 only.

When using the pin for KR7, do not use the RXDA1 function. (It is recommended
to set the PFC91 bit to 1 and clear the PFCE91 bit to 0.)
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(7) Port 9 function register (PF9)

After reset: 0000H ~ R/W  Address: PF9 FFFFFC72H,
PFIL FFFFFC72H, PF9H FFFFFC73H

15 14 13 12 11 10 9 8
PF9 (PFOH) | PFots | PFo14 | PFo1a | PFot2 | PFo11 | PFot0 | PFoo | PFog |

7 6 5 4 3 2 1 0
(PFoL) | PFo7 | PFos | PFos | PFo4 | PFo3 | PFo2 | PFo1 | PFoo |

PF9n |Specification of normal output (CMOS output) or N-ch open-drain output (n = 0 to 15)
0 Normal output (CMOS output)

1 N-ch open-drain output

Caution When output pins P90 to P96 are pulled up to EVop or higher, be sure to set the PF9n bit to
1.

Pull up output pins P97 to P915 to the same potential as EVop, even when they are used as
N-ch open-drain output pins.

Remarks 1. The PF9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PF9 register as the PF9H register and the lower
8 bits as the PFOL register, PF9 can be read or written in 8-bit or 1-bit units.

2. To read/write bits 8 to 15 of the PF9 register in 8-bit or 1-bit units, specify them as bits 0 to 7 of
the PF9H register.
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4.3.8 PortCM
Port CM is a 4-bit port for which 1/O settings can be controlled in 1-bit units.
Port CM includes the following alternate-function pins.

Table 4-11. Port CM Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
GC F1 Name Name /0
61 F11 PCMO | WAIT Input - D-1
62 F10 PCMA1 CLKOUT Output D-2
63 E10 PCM2 | HLDAK Output D-2
64 E9 PCM3 HLDRQ Input D-1

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)

(1) Port CM register (PCM)

After reset: 00H (output latch) R/W Address: FFFFFOOCH

7 6 5 4 3 2 1 0
peM | o | o | o | o | Poms | Pcm2 | Pomi | Pomo |
PCMn Output data control (in output mode) (n = 0 to 3)

0 Qutputs 0

1 Outputs 1

(2) Port CM mode register (PMCM)

After reset: FFH R/W Address: FFFFF02CH

7 6 5 4 3 2 1 0
pmem | 1 | 1 | 1 | 1 [pmcms]|Pveme | Pvemt | PMcmo |
PMCMn I/0O mode control (n =0 to 3)

0 Qutput mode

1 Input mode
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(3) Port CM mode control register (PMCCM)
After reset: 00H R/W Address: FFFFF04CH
7 4 3 2 1 0
PmccM | o | o | o | o |Pmccms[PMccmz|PMceMit|PMCCMo|
PMCCM3 Specification of pin operation
0 I/O port (PCM3)
1 HLDRQ input
PMCCM2 Specification of pin operation
0 I/0O port (PCM2)
1 HLDAK output
PMCCM1 Specification of pin operation
0 I/O port (PCM1)
1 CLKOUT output
PMCCMO Specification of pin operation
0 I/O port (PCMO)
1 WAIT input
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439 PortCT
Port CT is a 4-bit port for which I/O settings can be controlled in 1-bit units.
Port CT includes the following alternate-function pins.

Table 4-12. Port CT Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
GC Fi Name Name 1o}
65 E8 PCTO WRO Output - D-2
66 D10 PCT1 ‘WR1 Output D-2
67 D9 PCT4 RD Output D-2
68 D8 PCT6 ASTB Output D-2

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)

(1) Port CT register (PCT)

After reset: 00H (output latch) R/W Address: FFFFFOOAH

7 6 5 4 3 2 1 0
pcT | o | pPcte| o [pcta | o | o | pcri | pcro |
PCTn Output data control (in output mode) (n =0, 1, 4, 6)

0 Outputs 0
1 Outputs 1

(2) Port CT mode register (PMCT)

After reset: FFH R/W Address: FFFFF02AH

7 6 5 4 3 2 1 0
pPmcT | 1 |pPwmcte| 1 [pmcta| 1 | 1 |PmcT1 | PumcTo |
PMCTn I/0O mode control (n =0, 1, 4, 6)

0 Output mode

1 Input mode
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(3) Port CT mode control register (PMCCT)

After reset: 00H

R/W Address: FFFFF04AH

7 6 5 4 3 2 1 0
PmccT [ o [pmccte] o |pmccTa] o o |pmccti|PmccTol
PMCCT6 Specification of pin operation
0 I/O port (PCT6)
1 ASTB output
PMCCT4 Specification of pin operation
0 I/O port (PCT4)
1 RD output
PMCCT1 Specification of pin operation
0 I/O port (PCT1)
1 WR1 output
PMCCTO Specification of pin operation
0 I/0 port (PCTO)
1 WRO output
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4.3.10 Port DH

Port DH is a 6-bit (x PD70F3737, 70F3738), or a 5-bit (« PD70F3792, 70F3793, 70F3841, 70F3842) port for
which 1/O settings can be controlled in 1-bit units.

Port DH includes the following alternate-function pins.

Table 4-13. Port DH Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type

GC F1 Name Name 1o}

87 C6 PDHO A16 Output - D-2

88 D6 PDH1 A17 Output D-2

59 F9 PDH2 A18 Output D-2

60 F8 PDH3 A19 Output D-2

6 F4 PDH4 A20 Output D-2

7 G4 PDH5""* | A21 Output D-2

Note xPD70F3737, £ PD70F3738 only
Caution When specifying the port or alternate function mode on a bit by bit basis, make sure that the

address bus output functions normally.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)

(1) Port DH register (PDH)

After reset: 00H (output latch) R/W Address: FFFFFO06H

6 5 4 3 2 1 0
POH [ o | o |PDHs™¢| PDH4 | PDH3 | PDH2 | PDH1 | PDHO |
PDHn Output data control (in output mode) (n = 0 to 5)
0 Outputs 0
1 Outputs 1

Note x PD70F3737, 70F3738 only

ROTUHO165EJ0900 Rev.9.00 Page 136 of 1113
Mar 25, 2014 RENESAS



V850ES/JG3-L

CHAPTER 4 PORT FUNCTIONS

(2) Port DH mode register (PMDH)

FFH R/W Address: FFFFF026H

After reset:
7 6 5 4 3 2 ! 0
PMDH [ 1 1 |PMDH5"" PMDH4 | PMDH3 | PMDH2 | PMDH1 | PMDHO |
PMDHnN 1/0O mode control (n = 0 to 5)

0 Output mode

1 Input mode

N

ote ux PD70F3737, 70F3738 only

(3) Port DH mode control register (PMCDH)

After reset: 00H R/W Address: FFFFF046H
7 6 5 4 3 2 1 0
PMCDH [ 0 | 0 |PMCDHs" PMCDH4| PMCDH3|PMCDH2| PMCDH1|PMCDHO|
PMCDHn Specification of pin operation (n = 0 to 5)
0 1/0 port (PDHn)
1 Ax output (address bus output) (x = 16 to 21)
Note u PD70F3737, 70F3738 only
Caution When specifying the port or alternate function mode on a bit by bit basis,
make sure that the address bus output functions normally.
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4.3.11 Port DL
Port DL is a 16-bit port for which I/O settings can be controlled in 1-bit units.
Port DL includes the following alternate-function pins.

Table 4-14. Port DL Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type

GC F1 Name Name 7o)

71 C11 PDLO ADO /0 - D-3

72 C10 PDL1 AD1 110 D-3
73 C9 PDL2 AD2 /0 D-3
74 B11 PDL3 AD3 /0 D-3

75 B10 PDL4 AD4 110 D-3

76 A10 PDL5 AD5/FLMD1"* 1/0 D-3
77 A9 PDL6 AD6 /0 D-3
78 B9 PDL7 AD7 /0 D-3
79 A8 PDL8 AD8 /0 D-3
80 B8 PDL9 AD9 110 D-3

81 Cc8 PDL10 AD10 /0 D-3
82 A7 PDL11 AD11 110 D-3

83 B7 PDL12 AD12 /0 D-3
84 Cc7 PDL13 AD13 110 D-3
85 D7 PDL14 AD14 110 D-3
86 B6 PDL15 AD15 110 D-3
Note Since this pin is set in the flash memory programming mode, it does not need to be manipulated by

using the port control register. For details, see CHAPTER 30 FLASH MEMORY.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
F1: 121-pin plastic FBGA (8 x 8)
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(1) Port DL register (PDL)

After reset: 0000H (output latch) R/W Address: PDL FFFFFOO04H,
PDLL FFFFF004H, PDLH FFFFFOO5H

15 14 13 12 11 10 9 8
PDL (PDLH) | PDL15 | PDL14 | PDL13 | PDL12 | PDL11 | PDL10 | PDLO | PDL8 |

7 6 5 4 3 2 1 0
(POLL) | PDL7 | PDL6 | PDLs | PDL4 | PDL3 | PDL2 | PDL1 | PDLO |

PDLn Qutput data control (in output mode) (n = 0 to 15)
0 Outputs 0
1 Outputs 1

Remarks 1. The PDL register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PDL register as the PDLH register and the
lower 8 bits as the PDLL register, PDL can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PDL register in 8-bit or 1-bit units, specify them as bits 0 to
7 of the PDLH register.

(2) Port DL mode register (PMDL)

After reset: FFFFH R/W Address: PMDL FFFFF024H,
PMDLL FFFFF024H, PMDLH FFFFF025H

15 14 13 12 11 10 9 8
PMDL (PMDLH) | PMDL15| PMDL14 | PMDL13| PMDL12 | PMDL11|PMDL10 | PMDLY | PMDLS |

7 6 5 4 3 2 1 0
(PMDLL) | PMDL7 | PMDL6 | PMDLS | PMDL4 | PMDL3 | PMDL2 | PMDL1 | PMDLO |

PMDLn 1/0 mode control (n =0 to 15)

0 Qutput mode

1 Input mode

Remarks 1. The PMDL register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMDL register as the PMDLH register and
the lower 8 bits as the PMDLL register, PMDL can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PMDL register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PMDLH register.
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(3) Port DL mode control register (PMCDL)

After reset: 0000H ~ R/W  Address: PMCDL FFFFFO44H,
PMCDLL FFFFF044H, PMCDLH FFFFFO45H

15 14 13 12 11 10 9 8
PMCDL (PMCDLH)  [PMCDL15/PMCDL14PMCDL13/PMCDL12|PMCDL11PMCDL10] PMCDL9 | PMCDLS |

7 6 5 4 3 2 1 0
(PMCDLL) | PMCDL7| PMCDL6| PMCDLS| PMCDL4 | PMCDL3| PMCDL2 | PMCDL1 | PMCDLO|

PMCDLn Specification of pin operation (n = 0 to 15)
0 1/O port (PDLn)
1 ADn I/O (address/data bus I/0)

Cautions 1. When the SMSEL bit of the EXIMC register = 1 (separate mode) and the BS30 to
BSO00 bits of the BSC register = 0 (8-bit bus width), do not specify the AD8 to AD15
pins.

2. When specifying the port or ADn I/O mode on a bit by bit basis, specify the mode in
accordance with the external memory used.

Remarks 1. The PMCDL register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMCDL register as the PMCDLH register
and the lower 8 bits as the PMCDLL register, PMCDL can be read or written in 8-bit or
1-bit units.
2. To read/write bits 8 to 15 of the PMCDL register in 8-bit or 1-bit units, specify them as bits
0 to 7 of the PMCDLH register.
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4.4 Block Diagrams

Figure 4-3. Block Diagram of Type A-1
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Figure 4-4. Block Diagram of Type A-2
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Figure 4-5. Block Diagram of Type C-1
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Figure 4-6. Block Diagram of Type D-1
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Figure 4-7. Block Diagram of Type D-2
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Figure 4-8. Block Diagram of Type D-3
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Figure 4-9. Block Diagram of Type E-3
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Figure 4-10. Block Diagram of Type G-1
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Figure 4-11. Block Diagram of Type G-2
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Figure 4-12. Block Diagram of Type G-3
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Figure 4-13. Block Diagram of Type G-5
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Figure 4-14. Block Diagram of Type G-6
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Figure 4-15. Block Diagram of Type G-12
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Figure 4-16. Block Diagram of Type L-1
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Figure 4-17. Block Diagram of Type N-1
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Figure 4-18. Block Diagram of Type N-2
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Figure 4-19. Block Diagram of Type N-3
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Figure 4-20. Block Diagram of Type U-1
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Figure 4-21. Block Diagram of Type U-5

WRer
PFmn
WRpeFce
PFCEmn
WRprc
PFCmn q )
WRpmc
® PMCmn J
3
®
£
E WRem
PMmn
Output signal 1 when ]
alternate function is used 5
5 | EVoo
Output signal 2 when %
alternate function is used @ S
WRPpoRT § }| P-ch
®
O Pmn
Pmn
) Dol
EVss
S
O
@
N\ ® s [
3 Note
! ’ ¢
Address
a1/
RD Input signal 1-1 when
alternate function is used
Input signal 1-2 when
alternate function is used elimination
Note There are no hysteresis characteristics in port mode.
RO1UHO0165EJ0900 Rev.9.00 Page 159 of 1113
ENESAS 9

Mar 25, 2014



V850ES/JG3-L CHAPTER 4 PORT FUNCTIONS

Figure 4-22. Block Diagram of Type U-6
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Figure 4-23. Block Diagram of Type U-7
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Figure 4-24. Block Diagram of Type U-8
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Figure 4-25. Block Diagram of Type U-9
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Figure 4-26. Block Diagram of Type U-10

WRerF

”L PFmn

WRerce

J\ PFCEmn
=D
B

WRpPFc

J“ PFCmn

WRpmc

J“ PMCmn

WRem

PMmn

Internal bus
)7

Output signal 1 when
alternate function is used

Output signal 2 when
alternate function is used

Output signal 3 when
alternate function is used

WReoRT
Pmn

Selector

Selector
o
S
>

»—O Pmn

Selector

Address Note

Selector

RD

Input signal 1 when
alternate function is used elimination

Input signal 2 when
alternate function is used

!

T

Selector

Note There are no hysteresis characteristics in port mode.
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V850ES/JG3-L CHAPTER 4 PORT FUNCTIONS

Figure 4-27. Block Diagram of Type U-11
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Note There are no hysteresis characteristics in port mode.
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V850ES/JG3-L CHAPTER 4 PORT FUNCTIONS

Figure 4-28. Block Diagram of Type U-12
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Note There are no hysteresis characteristics in port mode.
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CHAPTER 4

PORT FUNCTIONS

Figure 4-29. Block Diagram of Type U-13
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Figure 4-30. Block Diagram of Type U-14
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Note There are no hysteresis characteristics in port mode.
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Figure 4-31. Block Diagram of Type U-15
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Notes 1. See 21.7 External Interrupt Request Input Pins (NMI, INTPO to INTP7).
2. There are no hysteresis characteristics in port mode.
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Figure 4-32. Block Diagram of Type U-16
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V850ES/JG3-L CHAPTER 4 PORT FUNCTIONS

Figure 4-33. Block Diagram of Type AA-1
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Notes 1. See 21.7 External Interrupt Request Input Pins (NMI, INTPO to INTP7).
2. There are no hysteresis characteristics in port mode.
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4.5 Port Register Settings When Alternate Function Is Used

Table 4-15 shows the port register settings when each port pin is used for an alternate function. When using a
port pin as an alternate-function pin, refer to the description of each pin.
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Table 4-15. Settings When Pins Are Used for Alternate Functions (1/7)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name 1o Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P02 NMI Input P02 = Setting not required | PM02 = Setting not required | PMCO02 = 1 - PFC02 =0
A21Notet Input P02 = Setting not required | PMO2 = Setting not required | PMC02 = 1 - PFCO2 = 1
P03 INTPO Input P03 = Setting not required | PM03 = Setting not required | PMCO03 = 1 PFCEO3 = 0 PFC03=0
ADTRG Input P03 = Setting not required | PM03 = Setting not required | PMCO03 = 1 PFCEO03 = 0 PFCO3 =1
RTC1HZN*'| Input P03 = Setting not required | PM03 = Setting not required | PMCO03 = 1 PFCEO3 = 1 PFCO03 =1
P04 INTP1 Input P04 = Setting not required | PM04 = Setting not required | PMC04 = 1 PFCEO04 = 0 PFC04 =0
RTCDIVNete! | Output P04 = Setting not required | PM04 = Setting not required | PMC04 = 1 PECEO4 = 0 PFCO4 =1
RTCCLNete! | Output P04 = Setting not required | PM04 = Setting not required | PMC04 = 1 PECEO4 = 1 PFC04 =0
P05 INTP2 Input P05 = Setting not required | PM05 = Setting not required | PMCO05 = 1 - -
DRST Input P05 = Setting not required | PM05 = Setting not required | PMCO5 = Setting not required - - OCDMO (OCDM) = 1
P06 INTP3 Input P06 = Setting not required | PM06 = Setting not required | PMCO06 = 1 - -
P10 ANOO Output P10 = Setting not required | PM10 = 1 - - -
P11 ANO1 Output P11 = Setting not required | PM11 = 1 - - -
P30 TXDAO Output P30 = Setting not required | PM30 = Setting not required | PMC30 = 1 - PFC30=0
SOB4 Output P30 = Setting not required | PM30 = Setting not required | PMC30 = 1 - PFC30 =1
P31 RXDAO Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - Note2, PFC31 =0
INTP7 Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - Note2, PFC31 =0
SIB4 Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - PFC31 =1
P32 ASCKAO0 Input P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 = 0 PFC32=0
SCKB4 110 P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 =0 PFC32 =1
TIPOO Input P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 =1 PFC32 =0
TOPOO Output P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 = 1 PFC32 =1
P33 TIPO1 Input P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33=0
TOPO1 Output P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33 =1

1-€9Or/S30G8A
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Notes 1. xPD70F3792, 70F3793, 70F3841, 70F3842 only
2. INTP7 and RXDAO are alternate functions. When using the pin for RXDAO, disable edge detection for INTP7 (clear the INTF3.INTF31 bit and
the INTR3.INTR31 bit to 0). When using the pin for INTP7, stop UARTAO reception (clear the UAOCTLO.UAORXE bit to 0).

Caution When using one of the P10/ANOO and P11/ANO1 pins for the I/O port function and the other for D/A output (ANOO, ANO1), do so in an application
where the port I/O level does not change during D/A output.
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Table 4-15. Settings When Pins Are Used for Alternate Functions (2/7)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name 1/0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P34 TIP10 Input P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 - PFC34 =0
TOP10 Output P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 - PFC34 =1
P35 TIP11 Input P35 = Setting not required | PM35 = Setting not required | PMC35 = 1 - PFC35=0
TOP11 Output P35 = Setting not required | PM35 = Setting not required | PMC35 = 1 - PFC35 =1
P36 TXDA3Nte | Outpt P36 = Setting not required | PM36 = Setting not required | PMC36 = 1 - -
P37 RXDA3Nete | Input P37 = Setting not required | PM37 = Setting not required | PMC37 = 1 - -
P38 TXDA2 Output P38 = Setting not required | PM38 = Setting not required | PMC38 = 1 - PFC38=0
SDAO0O /0 P38 = Setting not required | PM38 = Setting not required | PMC38 = 1 - PFC38 =1 PF38 (PF3) = 1
P39 RXDA2 Input P39 = Setting not required | PM39 = Setting not required | PMC39 = 1 - PFC39=0
SCLO0 1’10 P39 = Setting not required | PM39 = Setting not required | PMC39 = 1 - PFC39 =1 PF39 (PF3) =1
P40 SIBO Input P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 - PFC40=0
SDAO1 1’0 P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 - PFC40 = 1 PF40 (PF4) =1
P41 SOBO Output P41 = Setting not required | PM41 = Setting not required | PMC41 =1 - PFC41=0
SCLO1 1’0 P41 = Setting not required | PM41 = Setting not required | PMC41 = 1 - PFC41 =1 PF41 (PF4) =1
P42 SCKBO 110 P42 = Setting not required | PM42 = Setting not required | PMC42 = 1 - -
P50 TIQO1 Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCE50 =0 PFC50 = 1 KRMO (KRM) = 0
KRO Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 =0 PFC50 = 1 TQOTIG2, TQOTIG3 (TQOIOC1) =0
TOQO1 Output P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 =1 PFC50=0
RTPOO Output P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCE50 =1 PFC50 =1
Note. uPD70F3792, 70F3793, 70F3841, 70F3842 only

1-€9Or/S30G8A

¥ d31dvHO

SNOILONNH4 14d0d



¥102 ‘Se Je

00'6'A9d 0060r35910HN 10YH

SVS3NI"

€LL1Jo G| abed

Table 4-15. Settings When Pins Are Used for Alternate Functions (3/7)

Function

Alternate Function

Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name /0 Pn Register PMn Register PMCn Register PFCEN Register PFCn Register (Registers)

P51 TIQ02 Input P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =0 PFC51 =1 KRM1 (KRM) = 0
KR1 Input P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =0 PFC51 =1 TQOTIG4, TQOTIG5 (TQOIOC1) =0
TOQ02 Output P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =1 PFC51=0
RTPO1 Output P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =1 PFC51 =1

P52 TIQ03 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =1 KRM2 (KRM) = 0
KR2 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52=0 PFC52 =1 TQOTIG6, TQOTIG7 (TQOIOC1) =0
TOQO03 Output P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 = 1 PFC52 =0
RTP02 Output P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 = 1 PFC52 =1
DDI Input P52 = Setting not required | PM52 = Setting not required | PMC52 = Setting not required |PFCE52 = Setting not required| PFC52 = Setting not required | OCDMO (OCDM) = 1

P53 SIB2 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53=0 PFC53=0
TIQ00 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53 =1 KRM3 (KRM) = 0
KR3 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53 =1 TQOTIGO, TQOTIG1 (TQOIOC1) =0,

TQOEESO, TQOEES1 (TQ0IOC2) = 0,
TQOETSO0, TQOETS1 (TQOIOC2) = 0

TOQO0 Output P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCES53 = 1 PFC53=0
RTPO3 Output P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =1 PFC53 =1
DDO Output P53 = Setting not required | PM53 = Setting not required | PMC53 = Setting not required |PFCE53 = Setting not required| PFC53 = Setting not required | OCDMO (OCDM) = 1

P54 SOB2 Output P54 = Setting not required | PM54 = Setting not required | PMC54 = 1 PFCE54 =0 PFC54 =0
KR4 Input P54 = Setting not required | PM54 = Setting not required | PMC54 = 1 PFCE54 =0 PFC54 =1
RTPO4 Output P54 = Setting not required | PM54 = Setting not required | PMC54 = 1 PFCE54 =1 PFC54 =1
DCK Input P54 = Setting not required | PM54 = Setting not required | PMC54 = Setting not required |PFCE54 = Setting not required| PFC54 = Setting not required | OCDMO (OCDM) = 1

P55 SCKB2 1/0 P55 = Setting not required | PM55 = Setting not required | PMC55 = 1 PFCE55 =0 PFC55=0
KR5 Input P55 = Setting not required | PM55 = Setting not required | PMC55 = 1 PFCE55 =0 PFC55 =1
RTPO5 Output P55 = Setting not required | PM55 = Setting not required | PMC55 = 1 PFCE55 = 1 PFC55 =1
DMS Input P55 = Setting not required | PM55 = Setting not required | PMC55 = Setting not required | PFCE55 = Setting not required| PFC55 = Setting not required | OCDMO (OCDM) = 1
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Table 4-15. Settings When Pins Are Used for Alternate Functions (4/7)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name /O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P70 ANIO Input P70 = Setting not required | PM70 = 1 - - -
P71 AN Input P71 = Setting not required | PM71 =1 - - -
P72 ANI2 Input P72 = Setting not required | PM72 = 1 - - -
P73 ANI3 Input P73 = Setting not required | PM73 = 1 - - -
P74 ANI4 Input P74 = Setting not required | PM74 = 1 - - -
P75 ANI5 Input P75 = Setting not required | PM75 = 1 - - -
P76 ANI6 Input P76 = Setting not required | PM76 = 1 - - -
P77 ANI7 Input P77 = Setting not required | PM77 = 1 - - -
P78 ANI8 Input P78 = Setting not required | PM78 = 1 - - -
P79 ANI9 Input P79 = Setting not required | PM79 = 1 - - -
P710 ANI10 Input P710 = Setting not required | PM710 = 1 = - -
P711 ANI11 Input P711 = Setting not required | PM711 =1 - - -
P90 (AQ)Nete? Output P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCE90 =0 PFC90=0 Note 1
KR6 Input P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCE90 =0 PFC90 =1
TXDA1 Output P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCE90 = 1 PFC90 =0
SDA02 110 P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCE90 =1 PFC90 =1 PF90 (PF9) =1
P91 (A1)Note3 Output P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 =0 PFC91 =0 Note 1
KR7 Input P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 =0 PFC91 =1
RXDA1/KR7"®2 | Input P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 = 1 PFC91=0
SCL02 110 P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 =1 PFC91 =1 PF91 (PF9) =1

Notes 1. When using the pin for the alternate function A0 to A15, set all 16 bits of the PMC9 register to FFFFH at once.

2. The RXDA1 and KR7 functions cannot be used at the same time.
KR7, do not use the RXDAT1 function. (It is recommended to set the PFC91 bit to 1 and clear the PFCE91 bit to 0.)

3. u4PD70F3737, 70F3738, 70F3792, 70F3793 only.

When using the pin for RXDA1, do not use the KR7 function.

When using the pin for
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Table 4-15. Settings When Pins Are Used for Alternate Functions (5/7)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P92 (A2)Note 4 Output P92 = Setting not required | PM92 = Setting not required | PMC92 = 1 PFCE92 =0 PFC92=0 Note 1
TIP41 Input P92 = Setting not required | PM92 = Setting not required | PMC92 = 1 PFCE92=0 PFC92 =1
TOP41 Output P92 = Setting not required | PM92 = Setting not required | PMC92 = 1 PFCE92 =1 PFC92 =0
TXDA4Ne2 | Qutput P92 = Setting not required | PM92 = Setting not required | PMC92 = 1 PFCE92 =1 PFC92 =1
P93 (A3)Note 4 Output P93 = Setting not required | PM93 = Setting not required | PMC93 = 1 PFCE93 =0 PFC93=0 Note 1
TIP40 Input P93 = Setting not required | PM93 = Setting not required | PMC93 = 1 PFCE93=0 PFC93 =1
TOP40 Output P93 = Setting not required | PM93 = Setting not required | PMC93 = 1 PFCE93 =1 PFC93=0
RXDA4Nete2 | Input P93 = Setting not required | PM93 = Setting not required | PMC93 = 1 PFCE93 =1 PFC93 =1
P94 (A4)Note 4 Output P94 = Setting not required | PM94 = Setting not required | PMC94 = 1 PFCE94 =0 PFC94 =0 Note 1
TIP31 Input P94 = Setting not required | PM94 = Setting not required | PMC94 = 1 PFCE94 =0 PFC94 =1
TOP31 Output P94 = Setting not required | PM94 = Setting not required | PMC94 = 1 PFCE94 =1 PFC94 =0
TXDAS5Ne*®2 | Qutput P94 = Setting not required | PM94 = Setting not required | PMC94 = 1 PFCE94 =1 PFC94 =1
P95 (AB)Note 4 Output P95 = Setting not required | PM95 = Setting not required | PMC95 = 1 PFCE95 =0 PFC95=0 Note 1
TIP30 Input P95 = Setting not required | PM95 = Setting not required | PMC95 = 1 PFCE95 =0 PFC95 =1
TOP30 Output P95 = Setting not required | PM95 = Setting not required | PMC95 = 1 PFCE95 =1 PFC95 =0
RXDAS5Nete2 | Input P95 = Setting not required | PM95 = Setting not required | PMC95 = 1 PFCE95 =1 PFC95 =1
P96 (AB)Note 4 Output P96 = Setting not required | PM96 = Setting not required | PMC96 = 1 PFCE96 = 0 PFC96 =0 Note 1
TXDCONete2 | Input P96 = Setting not required | PM96 = Setting not required | PMC96 = 1 PFCE96 =0 PFC96 =1
TIP21 Output P96 = Setting not required | PM96 = Setting not required | PMC96 = 1 PFCE96 = 1 PFC96 =0
TOP21 Output P96 = Setting not required | PM96 = Setting not required | PMC96 = 1 PFCE96 = 1 PFC96 =1
P97 (A7)Note 4 Output P97 = Setting not required | PM97 = Setting not required | PMC97 = 1 PFCE97 =0 PFC97 =0 Note 1
S|B1Note3 Input P97 = Setting not required | PM97 = Setting not required | PMC97 = 1 PFCE97 =0 PFC97 =1
RXDCONees 23| Input P97 = Setting not required | PM97 = Setting not required | PMC97 = 1 PFCE97 =0 PFC97 =1
TIP20 Input P97 = Setting not required | PM97 = Setting not required | PMC97 = 1 PFCE97 =1 PFC97 =0
TOP20 Output P97 = Setting not required | PM97 = Setting not required | PMC97 = 1 PFCE97 =1 PFC97 =1
P98 (Ag)Note 4 Output P98 = Setting not required | PM98 = Setting not required | PMC98 = 1 - PFC98 =0 Note 1
SOB1 Output P98 = Setting not required | PM98 = Setting not required | PMC98 = 1 - PFC98 = 1
P99 (AQ)Note 4 Output P99 = Setting not required | PM99 = Setting not required | PMC99 = 1 - PFC99 =0 Note 1
'SCKB1 1/0 P99 = Setting not required | PM99 = Setting not required | PMC99 = 1 — PFC99 =1
Notes 1. When using the pin for the alternate function AO to A15, set all 16 bits of the PMC9 register to FFFFH at once.
2. ©PD70F3792, 70F3793, 70F3841, 70F3842 only
3. The SIB1 and RXDCO functions cannot be used at the same time. When using the pin for SIB1, stop UARTCO reception. (clear the UCOCTLO.UCORXE bit to
0.) When using the pin for RXDCO, stop CSIBO reception. (clear the CB1CTL0.CB1RXE bitto 0.)
4. 4uPD70F3737, 70F3738, 70F3792, 70F3793 only.
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Table 4-15. Settings When Pins Are Used for Alternate Functions (6/7)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name /O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)

P910 (A10Q)Nete2 Output P910 = Setting not required | PM910 = Setting not required | PMC910 = 1 - PFC910=0 Note 1
SIB3 Input P910 = Setting not required | PM910 = Setting not required | PMC910 = 1 - PFC910 =1

P911 (A11)Note2 Output P911 = Setting not required | PM911 = Setting not required | PMC911 = 1 - PFC911=0 Note 1
SOB3 Output P911 = Setting not required | PM911 = Setting not required | PMC911 = 1 - PFC911 =1

P912 (A12)Note2 Output P912 = Setting not required | PM912 = Setting not required | PMC912 = 1 - PFC912=0 Note 1
SCKB3 1/0 P912 = Setting not required | PM912 = Setting not required | PMC912 = 1 - PFC912 =1

P913 (A13)Note2 Output P913 = Setting not required | PM913 = Setting not required | PMC913 = 1 - PFC913=0 Note 1
INTP4 Input P913 = Setting not required | PM913 = Setting not required | PMC913 = 1 - PFC913 =1

P914 (A14)Note2 Output P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914=0 PFC914=0 Note 1
INTP5 Input P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =0 PFC914 =1
TIP51 Input P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =1 PFC914 =0
TOP51 Output P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =1 PFC914 =1

P915 (A15)Note2 Output P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915=0 PFC915=0 Note 1
INTP6 Input P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915=0 PFC915 =1
TIP50 Input P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915 =1 PFC915=0
TOP50 Output P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915 =1 PFC915 =1

PCMO WAIT Input PCMO = Setting not required | PMCMO = Setting not required | PMCCMO = 1 - -

PCM1 CLKOUT Output PCM1 = Setting not required | PMCM1 = Setting not required | PMCCM1 = 1 - -

PCM2 HLDAK Output PCM2 = Setting not required | PMCM2 = Setting not required | PMCCM2 = 1 - -

PCM3 HLDRQ Input PCM3 = Setting not required | PMCM3 = Setting not required | PMCCM3 = 1 - -

PCTO WRO Output PCTO = Setting not required | PMCTO = Setting not required | PMCCTO = 1 - -

PCT1 ‘WR1 Output PCT1 = Setting not required | PMCT1 = Setting not required | PMCCT1 = 1 - -

PCT4 RD Output PCT4 = Setting not required | PMCT4 = Setting not required | PMCCT4 = 1 - -

PCT6 ASTB Output PCT6 = Setting not required | PMCT6 = Setting not required | PMCCT6 = 1 - -

Notes 1. When using the pin for the alternate function AO to A15, set all 16 bits of the PMC9 register to FFFFH at once.
2. yPD70F3737, 70F3738, 70F3792, 70F3793 only.
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Table 4-15. Settings When Pins Are Used for Alternate Functions (7/7)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)

PDHO A16 Output PDHO = Setting not required| PMDHO = Setting not required | PMCDHO = 1 - -
PDH1 A17 Output PDH1 = Setting not required| PMDH1 = Setting not required | PMCDH1 = 1 = -
PDH2 A18 Output PDH2 = Setting not required| PMDH2 = Setting not required | PMCDH2 = 1 - -
PDH3 A19 Output PDH3 = Setting not required| PMDH3 = Setting not required | PMCDH3 = 1 - -
PDH4 A20 Output PDH4 = Setting not required| PMDH4 = Setting not required | PMCDH4 = 1 - -
PDH5N*! | A21 Output PDHS5 = Setting not required| PMDHS = Setting not required | PMCDH5 = 1 - -
PDLO ADO I/0 PDLO = Setting not required | PMDLO = Setting not required | PMCDLO = 1 - -
PDLA1 AD1 I/0 PDL1 = Setting not required | PMDL1 = Setting not required | PMCDL1 =1 - -
PDL2 AD2 I/0 PDL2 = Setting not required | PMDL2 = Setting not required | PMCDL2 = 1 - -
PDL3 AD3 I/0 PDL3 = Setting not required | PMDL3 = Setting not required | PMCDL3 = 1 - -
PDL4 AD4 110 PDL4 = Setting not required | PMDL4 = Setting not required | PMCDL4 = 1 - -
PDL5 AD5 I/0 PDL5 = Setting not required | PMDL5 = Setting not required | PMCDLS5 = 1 - -

FLMD1Me**2 | |nput PDLS = Setting not required | PMDL5 = Seting not required | PMCDL5 = Setting not required - -
PDL6 AD6 I/0 PDL6 = Setting not required | PMDL6 = Setting not required | PMCDL6 = 1 - -
PDL7 AD7 /0 PDLY = Setting not required | PMDL? = Setting not required | PMCDL7 = 1 - -
PDL8 AD8 I/0 PDL8 = Setting not required | PMDL8 = Setting not required | PMCDLS8 = 1 - -
PDL9 AD9 I/0 PDL9 = Setting not required | PMDL9 = Setting not required | PMCDL9 = 1 - -
PDL10 AD10 I/0 PDL10 = Setting not required | PMDL10 = Setting not required | PMCDL10 = 1 - -
PDL11 AD11 /0 PDL11 = Setting not required | PMDL11 = Setting not required | PMCDL11 = 1 - -
PDL12 AD12 1/0 PDL12 = Setting not required | PMDL12 = Setting not required | PMCDL12 = 1 - -
PDL13 AD13 I/0 PDL13 = Setting not required | PMDL13 = Setting not required | PMCDL13 = 1 - -
PDL14 AD14 1/0 PDL14 = Setting not required | PMDL14 = Setting not required | PMCDL14 = 1 - -
PDL15 AD15 1/0 PDL15 = Setting not required | PMDL15 = Setting not required | PMCDL15 = 1 - -

Notes 1. xPD70F3737, 70F3738 only

2. Since this pin is set in the flash memory programming mode, it does not need to be manipulated by using the port control register.
CHAPTER 32, CHAPTER 33, CHAPTER 34.

For details, see
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V850ES/JG3-L CHAPTER 4 PORT FUNCTIONS

4.6 Cautions

4.6.1 Cautions on setting port pins

(1) Inthe V850ES/JG3-L, general-purpose port pins are shared with several peripheral I/O functions. To switch
between using a pin as a general-purpose port pin (port mode) and as a peripheral function 1/0O pin
(alternate-function mode), use the PMCn register. Note the following when setting this register.

(a) Cautions when switching from port mode to alternate-function mode
Switch from the port mode to the alternate-function mode in the following order:

Note 1,

<1> Set the PFn register N-ch open-drain setting

<2> Set the PFCn and PFCEn registers: Alternate-function selection
<3> Set the corresponding bit of the PMCn register to 1: Switch to alternate-function mode
<4> Set the INTRn and INTFn registers"°*: External interrupt setting

Note that if the PMCn register is set first, an unexpected operation may occur at the moment the register
is set or when the pin states change in accordance with the setting of the PFn, PFCn, and PFCEn
registers.

A specific example is shown below.

Notes 1. N-ch open-drain output pin only.
2. Only when the external interrupt function is selected.

Caution Regardless of the port mode/alternate-function mode setting, the Pn register is read
and written as follows:
e Pnregister read: The port output latch value is read (when PMn.PMnm bit = 0), or the
pin state is read (PMn.PMnm bit = 1).

e Pn register write: The port output latch is written

[Example] SCLO1 pin setting example
The SCLO1 pin is used alternately as the P41/SOBO pin. Select the desired pin function by
using the PMC4, PFC4, and PF4 registers.

PMC41 Bit PFC41 Bit PF41 Bit Pin Function
0 don’t care 1 P41 (in output port mode, N-ch open-drain output)
1 0 1 SOBO output (N-ch open-drain output)
1 1 SCLO1 I/O (N-ch open-drain output)
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The setting order that may cause a malfunction when switching from the P41 pin function to
the SCLO1 pin function is shown below.

Setting Order Setting Pin State Pin Level
<1> Initial value Port mode (input) Hi-Z
(PMC41 bit =0,
PFC41 bit =0,
PF41 bit = 0)
<2> PMC41 bit « 1 SOBO output Low level (may be high level depending
on the CSIBO setting)
<3> PFC41 bit « 1 SCLO01 I/0 High level (CMOS output)
<4> PF41 bit « 1 SCLO1 I/0 Hi-Z (N-ch open-drain output)

In <2>, I°C communication may be affected since the alternate-function SOBO output is output
to the pin. In the CMOS output period of <2> or <3>, an unnecessary current may be
generated.

(b) Cautions on alternate-function mode (input)

The signal input to the alternate-function block is low level when the PMCn.PMCnm bit is O due to the
ANDed output of the PMCn register set value and the pin level. Thus, depending on the port setting and
alternate-function operation enable timing, an unexpected operation may occur. Therefore, switch
between the port mode and alternate-function mode in the following sequence.

¢ Switching from port mode to alternate-function mode (input)
Set the pins to the alternate-function mode using the PMCn register and then enable the
alternate-function operation.

¢ Switching from alternate-function mode (input) to port mode
Stop the alternate-function operation and then switch the pins to the port mode.

Specific examples are shown below.

[Example 1] Switching from general-purpose port pin (P02) to external interrupt pin (NMI)
When the PO2/NMI pin is pulled up as shown in Figure 4-33 and the rising edge is specified
by the NMI pin edge detection setting, even though a high level is input continuously to the
NMI pin while switching from the P02 pin to the NMI pin (PMCO02 bit = 0 — 1), this is
detected as a rising edge, as if the low level changed to a high level, and an NMI interrupt
occurs.
To avoid this, set the NMI pin’s valid edge after switching from the P02 pin to the NMI pin.
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Figure 4-34. Example of Switching from P02 to NMI (Incorrect)
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PMCOm bit = 0: Port mode

PMCOm bit = 1: Alternate-function mode
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NMl interrupt occurrence | Rising :
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1

1

1

1

1
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PO2/NMI

PMCO2 bit = 0: Low level
d
PMCO02 bit = 1: High level

Remark m=21t06

[Example 2] Switching from external pin (NMI) to general-purpose port pin (P02)

When the PO2/NMI pin is pulled up as shown in Figure 4-34 and the falling edge is
specified by the NMI pin edge detection setting, even though a high level is input
continuously to the NMI pin when switching from the NMI pin to the P02 pin (PMCO02 bit = 1
— 0), this is detected as a falling edge, as if the high level changed to a low level, and an
NMI interrupt occurs.

To avoid this, set the NMI pin edge detection as “No edge detected” before switching to the
P02 pin.

Figure 4-35. Example of Switching from NMI to P02 (Incorrect)

7 6 5 4 3 2 1
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PMCOm bit = 0: Port mode 3V

PMCOm bit = 1: Alternate-function mode
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1

1
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1
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PO2/NMI

PMCO2 bit = 1: High level
2

PMCO02 bit = 0: Low level

Remark m=21t06

(2) In port mode, the PFn.PFnm bit is valid only in the output mode (PMn.PMnm bit = 0). In the input mode
(PMnm bit = 1), the value of the PFnm bit is not reflected in the buffer.
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4.6.2 Cautions on bit manipulation instruction for port n register (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions or
port/alternate functions, the value of the output latch of an input port that is not subject to manipulation may be written
in addition to the targeted bit.

Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>  When the P90 pin is an output pin, the P91 to P97 pins are input pins (the status of all pins is high
level), and the value of the port latch is O0H, if the output of the P90 pin is changed from low level
to high level via a bit manipulation instruction, the value of the port latch is FFH.
Explanation: When writing to and reading from the Pn register of a port whose PMnm bit is 1, the
output latch is written and the pin status is read.
A bit manipulation instruction is executed in the following order in the V850ES/JG3-L.

<1> The Pn register is read in 8-bit units.
<2> The targeted bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the value of the output latch (0) of the P90 pin, which is an output pin, is read, while
the pin statuses of the P91 to P97 pins, which are input pins, are read. If the pin statuses of the
P91 to P97 pins are high level at this time, the value read is FEH.

The value is changed to FFH by the manipulation in <2>.

FFH is written to the output latch by the manipulation in <3>.

Figure 4-36. Bit Manipulation Instruction (P90 Pin)

Bit manipulation

P90 O instruction P90 O
O Low-level out (set1 0, POL[r0]) O
) utput is executed for

High-level output

P90 bit.
P91 to P97 @ I::> P91 to P97 @
Pin status: High level Pin status: High level
Port 9L latch Port 9L latch
o lofofofofofo]o] EEERERERERERERER

Bit manipulation instruction for P90 bit

<1> The PIL register is read in 8-bit units.
¢ In the case of P90, an output pin, the value of the port latch (0) is read.
¢ In the case of P91 to P97, input pins, the pin status (1) is read.
<2> Set (1) to the P90 bit.
<3> Write the results of <2> to the output latch of the POL register in 8-bit units.
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4.6.3 Cautions on on-chip debug pins

The DRST, DCK, DMS, DDI, and DDO pins are on-chip debug pins.

After reset by the RESET pin, the PO5/INTP2/DRST pin is initialized to function as an on-chip debug pin (DRST).
If a high level is input to the DRST pin at this time, the on-chip debug mode is set, and the DCK, DMS, DDI, and DDO
pins can be used.

The following action must be taken if on-chip debugging is not used.

e Clear the OCDMO bit of the OCDM register (special register) (0)

At this time, fix the PO5/INTP2/DRST pin to low level from when reset by the RESET pin is released until the above
action is taken.

If a high level is input to the DRST pin before the above action is taken, it may cause a malfunction (CPU
deadlock). Handle the P05 pin with the utmost care.

Caution After reset by the WDT2RES signal, clock monitor (CLM), or low-voltage detector (LVI), the
PO5/INTP2/DRST pin is not initialized to function as an on-chip debug pin (DRST). The OCDM

register holds the current value.

4.6.4 Cautions on PO5/INTP2/DRST pin
The PO5/INTP2/DRST pin has an internal pull-down resistor (30 kQ TYP.). After a reset by the RESET pin, the
pull-down resistor is connected. The pull-down resistor is disconnected when the OCDMO bit is cleared (0).

4.6.5 Cautions on P10, P11, and P53 pins when power is turned on
When the power is turned on, the following pins may output an undefined level temporarily even during reset.

e P10/ANOO pin
¢ P11/ANO1 pin
e P53/SIB2/KR3/TIQ00/TOQ00/RTPO3/DDO pin

4.6.6 Hysteresis characteristics
In port mode, the following port pins do not have hysteresis characteristics.

P02 to P06

P31 to P35, P37 to P39

P40 to P42

P50 to P55

P90 to P97, P99, P910, P912 to P915
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CHAPTER 5 BUS CONTROL FUNCTION

The external bus interface function is used to connect external devices to areas other than the internal ROM, RAM,
or on-chip I/O registers via ports 9, CM, CT, DL, and DH. These ports control address/data 1/O, the read/write
strobe signal, waits, the clock output, bus hold, and the address strobe signal.

The V850ES/JG3-L is provided with an external bus interface function by which external memories such as ROM
and RAM, and external I/O devices can be connected.

5.1 Features

O Output can be selected from a multiplexed bus with a minimum of 3 bus cycles and a separate bus with a
minimum of 2 bus cycles (« PD70F3737, 70F3738, 70F3792, 70F3793).
O A multiplexed bus with a minimum of 3 bus cycles output are available
(« PD70F3841, 70F3842).
O An 8-bit or 16-bit data bus can be selected (specifiable for each memory block).
O Wait function
e Programmable wait function of up to 7 states (specifiable for each memory block)
o External wait function using WAIT pin
O lIdle state insertion function
¢ A low-speed device can be connected by inserting an idle state after a read cycle.
O Bus hold function
O Misalign access is possible.
O Up to 4 MB of physical memory can be connected.
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5.2 Bus Control Pins

The following signals can be used to control an external device in each bus mode.

Table 5-1. Bus Control Signals (When Multiplexed Bus Is Selected)
Bus Control 1/0 Function Alternate Function Register to Switch Between Port
Signal Mode/Alternate-Function Mode

ADO to AD15 /O | Address/data bus PDLO to PDL15 PMCDL register

A16 to A21 Output | Address bus PDHO to PDH4, PDH5""", P02""**| PMCDH register, PMCO register"**
WI’ Input | External wait control PCMO PMCCM register

CLKOUT Output | Internal system clock output | PCM1 PMCCM register
W_ROW_R1 Output | Write strobe signal PCTO, PCT1 PMCCT register
RD Output | Read strobe signal PCT4 PMCCT register

ASTB Output | Address strobe signal PCT6 PMCCT register

HLDRQ Input | Bus hold control PCM3 PMCCM register

HLDAK Output PCM2

Notes 1.x PD70F3737, 70F3738 only
2. 1 PD70F3792, 70F3793, 70F3841, 70F3842 only

Table 5-2. Bus Control Signals (When Separate Bus Is Selected) (¢ PD70F3737, 70F3738, 70F3792, 70F3793)

Bus Control 1’0 Function Alternate Function Register to Switch Between Port
Signal Mode/Alternate-Function Mode
ADO to AD15 /O | Data bus PDLO to PDL15 PMCDL register
A0 to A15 Output | Address bus P90 to P915 PMC9 register
A16 to A21 Output | Address bus PDHO to PDH4, PDH5""', P02"*** | PMCDH register, PMCO register "
WAIT Input | External wait control PCMO PMCCM register
CLKOUT Output | Internal system clock output | PCM1 PMCCM register
W_RO,W_FH Output | Write strobe signal PCTO, PCT1 PMCCT register
HD Output | Read strobe signal PCT4 PMCCT register
HLDRQ Input | Bus hold control PCM3 PMCCM register
HLDAK Output PCM2
Notes 1. 4 PD70F3737, 70F3738 only
2.4 PD70F3792, 70F3793 only
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5.2.1 Pin status when internal ROM, internal RAM, on-chip peripheral I/O , or expanded internal RAM

is accessed
When the internal ROM, internal RAM, on-chip peripheral I/O or expanded internal RAM is accessed, the status of
each pin is as follows.

Table 5-3. Pin Statuses When Internal ROM, Internal RAM, On-Chip Peripheral I/0, or expanded internal RAM

Is Accessed
Bus Control Pin Separate Bus Mode Multiplexed Bus Mode
Internal Internal Internal Internal Expanded
ROM/RAM peripheral 1/0 ROM/RAM peripheral /O | internal RAM™*"®

Address/data bus Hi-Z Hi-Z Undefined Undefined Undefined
(AD15 to ADO)

Address bus (A21 to A16) | Low level Undefined Low level Undefined Undefined
Address bus (A15to A0) | Undefined Undefined Undefined Undefined Undefined
Control signal Inactive Inactive Inactive Inactive Inactive

Note 4 PD70F3841, 70F3842 only
Caution When the internal ROM area is written, address, data, and control signals are activated in the

same way as when the external memory area is written.

5.2.2 Pin status in each operation mode

For the status of the VB50ES/JGS3-L pins in each operation mode, see 2.2 Pin States.

RO1UHO165EJ0900 Rev.9.00
Mar 25, 2014

RRENESAS

Page 187 of 1113



V850ES/JG3-L CHAPTER 5 BUS CONTROL FUNCTION

5.3 Memory Block Function

The lower 16 MB of the 64 MB memory space is reserved for external memory expansion and is divided into
memory blocks of 2 MB, 2 MB, 4 MB, and 8 MB. The bus width and programmable wait function can be
independently specified for each block.

Figure 5-1. Data Memory Map: Physical Addresses (x PD70F3737, 70F3738, 70F3792, 70F3793)

03FFFFFFH On-chip peripheral 03FFFFFFH
/O area (4 KB) 03FFFO00H
(64 KB) 03FFEFFFH
03FFOOOOHY| | ____
03FEFFFFH .
Internal RAM area
(60 KB)
™ 03FF0000H
Use prohibited
01000000H
00FFFFFFH
Memory block 3
(8 MB)
External memory areaN°t!
00800000H
007FFFFFH
Memory block 2
(4 MB)
00400000H| ||
003FFFFFH 001FFFFFH
Memory block 1 External memory areaN°te !
(2 MB) (1 MB)
00200000H Y__.v 00100000H
001FFFFFH 000FFFFFH
Memory block 0 Internal ROM areaN°te 2
(2 MB) (1 MB)
00000000H B A 00000000H

Notes 1. The V850ES/JG3-L has 22 address pins, so the external memory area appears as a repeated 4 MB
image.
2. When the internal ROM area is read, the data in the internal ROM is read.
When the area is written, a bus cycle occurs.
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Figure 5-2. Data Memory Map: Physical Addresses (uz PD70F3841, 70F3842)
03FFFFFFH On-chip peripheral 03FFFFFFH
/O area (4 KB) 03FFFO00H
(64 KB) 03FFEFFFH
03FFOOOOHY| | ____
03FEFFFFH
Internal RAM area
(60 KB)
’ 03FF0000H
Use prohibited
01000000H
00FFFFFFH
Memory block 3
(8 MB)
External memory areaN°t¢!
00800000H S Expanded internal 003FFFFFH
007FFFFFH RAM area(24 KB)
003FA000H
' 003F9FFFH
Memory block 2 ! -
(4 MB) ./ Use prohibited
S 00200000H
00400000H LS
003FFFFFH 001FFFFFH
Memory block 1 External memory areaN°'e !
(2 MB) (1 MB)
oo200000H 000000000000} ____ / 00100000H
001FFFFFH 000FFFFFH
Memory block 0 Internal ROM areaN°te 2
(2 MB) (1 MB)
oooooooOHL o .. 00000000H
Notes 1. The V850ES/JG3-L has 22 address pins, so the external memory area appears as a repeated 4 MB
image.
2. When the internal ROM area is read, the data in the internal ROM is read.
When the area is written, a bus cycle occurs.
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5.4 External Bus Interface Mode Control Function
The 1 PD70F3737, 70F3738, 70F3792, and 70F3793 include the following two external bus interface modes.

¢ Multiplexed bus mode
e Separate bus mode

These two modes can be selected by using the EXIMC register in 4 PD70F3737, 70F3738, 70F3792, and

70F3793.
In . PD70F3841 and  PD70F3842, the mode is fixed to multiplexed bus mode. In this case, EXIMC register is not

supported.

(1) External bus interface mode control register (EXIMC) (z PD70F3737, 70F3738, 70F3792, 70F3793 only)
The EXIMC register selects the multiplexed bus mode or separate bus mode.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFFFBEH

6 5 4 3 2 1 0
EXMC [ 0 0 0 0 0 0 0 | swskL |
SMSEL Mode selection

0 Multiplexed bus mode

1 Separate bus mode

Caution  Set the EXIMC register from the internal ROM or internal
RAM area before executing an external access.
After setting the EXIMC register, be sure to insert a NOP

instruction.
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5.5 Bus Access

5.5.1 Number of clock cycles required for access

The following table shows the number of basic clock cycles required for accessing each resource.

Table 5-4. Number of Clock Cycles Required for Access

Area (Bus Width)| Internal ROM Internal RAM | Expanded internal | External Memory |On-Chip Peripheral

Bus Cycle Type (32 Bits) (32 Bits) RAM (16 Bits) (16 Bits) I/O (16 Bits)
Instruction fetch (normal access) 1 ! 4hoes 3+n+ v -
Instruction fetch (branch) 2 oot gnees 34 n 4 (e -
Operand data access 3 1 ghoes 3 4n 4 i"e? ghores
DMA transfer - 2 ghoes 340 4 j"re? ghores
Notes 1. If the access conflicts with a data access, the number of clock is increased by 1.

2. Value when the multiplexed bus is selected. 2 + n + i clocks (n: Number of wait states) when the

separate bus mode is selected.

3. i=Idle state

4. This value varies depending on the setting of the VSWC register.

5. Expanded internal RAM is connected to external bus interface. This value include 1 data
DWCO register (u PD70F3841, 70F3842).

Remark Unit: Clock cycles/access

wait specified by
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5.5.2 Bus size setting function

The external memory area of the V850ES/JG3-L is selected by memory blocks 0 to 3.

The bus size of each external memory area selected by memory block n can be set (to 8 bits or 16 bits) by using
the BSC register.

If a 16-bit bus width is specified, the lower 8 bits are used for even addresses and the higher 8 bits are used for
odd addresses.

(1) Bus size configuration register (BSC)
This register controls the bus width of the memory block space.
This register can be read or written in 16-bit units.
Reset sets this register to 5555H.

Caution Write to the BSC register after reset, and then do not change the set values. Also, do not
access an external memory area until the initial settings of the BSC register are complete.

After reset: 5555H R/W Address: FFFFF066H

15 14 13 12 11 10 9 8
Bsc| o | 1+ | o [ 1+ | o | 1+ | o | 1 |
7 6 5 4 3 2 1 0
| 0 ‘ BS30 ‘ 0 ‘ BS20 ‘ 0 ‘ BS1QNete! 0 ‘ BS00 |
Memory . Memoﬁalock 3 Memoﬁlock 2 Memoﬁalock 1 Memo\ry—bllock 0
block n signal
BSn0 Data bus width of memory block n space (n =0 to 3)
0 8 bits
1 16 bitsN°te2

Notes1l. The BS10 bit is used to specify the bus size for the expanded
internal RAM area. When using the expanded internal RAM area,
set this bit to 1 (which specifies bus size is 16 bit).

2. If a 16-bit bus width is specified, writing can be controlled in 8-bit
units via two control pins W) and W_Rl) but reading can be
controlled only in 16-bit units because reading is controlled via one
control pin (Iﬁ). In the VB50ES/JG3-L, however, unnecessary

data is ignored, so byte access is possible.

Caution Be sure to set bits 14, 12, 10, and 8to “1”, and clear bits 15,
13,11,9,7,5,3,and 1to “0".
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5.5.3 Access according to bus size

The V850ES/JG3-L accesses the on-chip peripheral /0 and external memory in 8-bit, 16-bit, or 32-bit units. The

bus size is as follows.

e The bus size of the on-chip peripheral I/O is fixed to 16 bits.
e The bus size of the external memory is selectable from 8 bits or 16 bits (by using the BSC register).

The operation when each of the above is accessed is described below. All data is accessed starting from the

lower side.
The V850ES/JG3-L supports only the little endian format.

Figure 5-3. Little Endian Address in Word Data

31 24 23 16 15 87 0
 oooBH | 000AM | 0009H |  ooosH
0007H 0006H ‘OO(‘)SI-‘| | (‘)OC;4|-‘|
0003H 0002H 0001H 0000H

(1) Data space
The V850ES/JG3-L has an address misalign function.
With this function, data can be placed at all addresses, regardless of the format of the data (word data or

halfword data). However, if the word data or halfword data is not aligned at the boundary, redundant bus

cycles are generated, causing the bus efficiency to drop.

Examples of an 8-bit, 16-bit, and 32-bit access are shown below.
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(2) Byte access (8 bits)

(a) 16-bit data bus width
8-bit data is transmitted/received via a 16-bit bus. Therefore, if an even address is specified, the lower
byte of the external data bus address is accessed. If an odd address is specified, the higher byte of the
external data bus address is accessed.

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
1537770 15
o on+ 1
81 8
7 7 7 70
2n : :
0 0 0 0:
Byte data  External Byte data External
data bus data bus

(b) 8-bit data bus width
8-bit data is transmitted/received via an 8-bit bus. Therefore, the specified even/odd address of the
external data bus is accessed.

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
7 7 7 7
2n 2n+1
0 0 0 0
Byte data  External Byte data  External
data bus data bus
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(3) Halfword access (16 bits)

(a) 16-bit data bus width

16-bit data is transmitted/received via a 16-bit bus.

Therefore, if an even address is specified, the lower
and higher bytes of the external data bus address are accessed at the same time.

If an odd address is

specified, the lower byte of the data is transmitted/received to/from an odd address via the higher byte of

the external data bus address in the first access.

In the second access, the higher byte of the data is

transmitted/received to/from an odd address via the lower byte of the external data bus address.

<1> Access to even address (2n)

First access

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

Second access

Address Address Address
15 [ ] 15 [ ] 15 [ ] 15 15 [ ] 15 5'":

on +1 on + 1 Do
8 8 8 | 8 8[| 8., !
7 1 71 1 7 7. 7 7

2n : ' 2n an+2
o] o] o[_| oL o[ | 0
Halfword Ext I Halfword External Halfword External
d:tawor d;(tgrkr)]l?s data data bus data data bus

(b) 8-bit data bus width

16-bit data is transmitted/received via an 8-bit bus.

accesses.
lower/higher byte of the external bus address.

Therefore, the data is transmitted/received in two

The lower/higher byte of the data is transmitted/received to/from the corresponding

<1> Access to even address (2n)

First access Second access

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

First access Second access

15 15 15 15
8 Address g Address 8 Address g Address
7 7 7 7 7 7 7 7
2n 2n +1 2n + 1 2n+2
0 0 0 0 0 0 0 0
Halfword External Halfword External Halfword External Halfword External
data data bus data data bus data data bus data data bus
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(4) Word access (32 bits)

(a) 16-bit data bus width (1/2)
32-bit data is transmitted/received via a 16-bit bus. Therefore, if an even address is specified, the data
is transmitted/received in two accesses in 16-bit units. If an odd address is specified, the lower
quarter-word data is transmitted/received to/from the higher byte (first access), the middle halfword data
is transmitted/received to/from the middle bytes (second access), and the upper quarter-word data is
transmitted/received to/from the lower byte (third access), of the external data bus address.

<1> Access to address (4n)

First access Second access

31 [ ] 31 [ ]
24 || 24 ||
23 23
16 Address 16 Address
15 [ | 15 [ 15 [ 15 [

4an + 1 4n+ 3
8 | 81 | 81 | 8 |
7 7 7 7

4n 4n +2
(N I 0 | 0 | 0l |
Word data  External Word data  External

data bus data bus

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

First access Second access Third access
31 [ ] 31 [ ] 31 [ ]
24 | | 24| | 24 | |
23 23 23
16 || Address 16 |_| _Address 16 || _"Address
15 15 15 15 15 15474
4n + 1 4n+3 Do
8 8 8| 8| 8 S
7 7. . 7 7 7 7
Pl 4n+2 4n+4
o 01 o] o] o | 0
Word data External Word data External Word data External
data bus data bus data bus
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(a) 16-bit data bus width (2/2)

First access

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

Second access

31 31
24 | | 24 | |
23 23
16 || _Address 16 || _Address
15 15 15 15
4n+ 3 4n+5
8 | 81 | 8 | 81 |
7 7 7 7
4n + 2 in +4
0| 0| 0 | 0 |
Word data  External Word data  External
data bus data bus
<4> Access to address (4n + 3)
First access Second access Third access
31 [ ] 31 [ ] 31 [ ]
24 | 24 | | 24 | |
23 23 23
16 ] Address 16 || _ Address 16 || _"Address
15 15 15 15 15 154 3
4n+3 an+5 Do
8| 8 8| 8| 8 8
7 7 7 7 7 7
E . 4n+4 4n +6
0| 0. _. 0| 0| 0 | 0
Word data  External Word data External Word data External
data bus data bus data bus
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(b) 8-bit data bus width (1/2)

32-bit data is transmitted/received via an 8-bit bus.

accesses.
bus.

Therefore, the data is transmitted/received in four
The data is transmitted/received to/from the specified even/odd address of the external data

First access

<1> Access to address (4n)

Second access

Third access

Fourth access

31 31 31 [ ] 31 [ ]
24 24 24 24
23 [ 23 [ | 23 [ | 23 [
16 || 16 || 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
711 7 711 7 711 7 711 7
4n 4n + 1 4n + 2 4n+ 3
0| 0 0[] 0 0L_| 0 0L | 0
Word data External Word data External Word data External Word data  External
data bus data bus data bus data bus
<2> Access to address (4n + 1)
First access Second access Third access Fourth access
31 [ ] 31 [ ] 31 [ ] 31 [ ]
24 24 24 24
23 [ | 23 [ 23 [ 23 [ |
16 || 16 || 16 || 16 ||
15 15 15 15
81 | Address 8 | Address 81 | Address 81 | Address
7 7 7 7 7 7 7 7
4n +1 4n + 2 4n+3 an+ 4
0L | 0 0| 0 0L 0 0| 0
Word data  External Word data External Word data  External Word data  External
data bus data bus data bus data bus
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(b) 8-bit data bus width (2/2)

First access

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

Second access

Third access

Fourth access

31 [ ] 31 [ ] 31 [ ] 31 [ ]
24 24 24 24
23 [ | 23 [ 23 [ 23 [ |
16 || 16 || 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
711 7 711 7 711 7 711 7
4n +2 4n+ 3 4n+4 4n+5
0| 0 0L | 0 0| 0 0| 0
Word data  External Word data  External Word data  External Word data  External
data bus data bus data bus data bus
<4> Access to address (4n + 3)
First access Second access Third access Fourth access
31 [ ] 31 [ ] 31 [ ] 31 [ ]
24 24 24 24
23 [ 23 [ | 23 [ 23 [
16 | 16 || 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
71 7 71 1 7 711 7 711 7
4n + 3 4n + 4 4an +5 4n +6
0| 0 0| 0 0L_| 0 0| 0
Word data  External Word data  External Word data  External Word data  External
data bus data bus data bus data bus
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5.6 Wait Function

5.6.1 Programmable wait function

(1) Data wait control register 0 (DWCO0)
To realize interfacing with a low-speed memory or I/O device, up to seven data wait states can be inserted in
the bus cycle that is executed for each memory block space.
The number of wait states can be programmed by using the DWCO register. Immediately after system reset,
7 data wait states are inserted for all the memory block areas.
The DWCO register can be read or written in 16-bit units.
Reset sets this register to 7777H.

Cautions 1. The internal ROM and internal RAM areas are not subject to programmable wait, and are
always accessed without a wait state. The on-chip peripheral /0 area is also not
subject to programmable wait, and only wait control from each peripheral function is
performed.

2. Write to the DWCO register after reset, and then do not change the set values. Also,
when changing the initial values of the DWCO register, do not access an external
memory area until the settings are complete.

After reset: 7777H R/W Address: FFFFF484H

15 14 13 12 11 10 9 8
pwco|[ o | pbws2 | pwat | pwso | o | pwee | pwat | pwao |
Memory blocknsign;I Memory block 3 | | Memory block 2 |

7 6 5 4 3 2 1 0

| 0 \DW12N°‘6\DW11N°‘e\DW1oN°‘e\ 0 \ DW02 \ DWO1 \ DW00 |
Memoryblocknsigna; Memory block 1 | | Memory block 0 |

DWn2 DWn1 DWnO | Number of wait states inserted in memory block n space (n =0 to 3)

0 0 0 None

0 0 1 1

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 7

Note The DW12 to DW10 bits are used to specify whether to insert
access wait states for the expanded internal RAM area. When using
the expanded internal RAM area, set these bits to 001 (which
specifies inserting 1 wait state). (« PD70F3841, 70F3842)

Caution Be sure to clear bits 15, 11, 7, and 3to “0".
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5.6.2 External wait function

To synchronize a low-speed device or asynchronous system, any number of wait states can be inserted in the bus
cycle by using the external wait pin (WAIT).

Access to each area of the internal ROM, internal RAM, on-chip peripheral 1/0, and expanded internal RAM is not
subject to control by the external wait function, in the same manner as the programmable wait function.

The WAIT signal can be input asynchronously to CLKOUT, and is sampled at the falling edge of the clock in the
T2 and TW states of the bus cycle in the multiplexed bus mode. In the separate bus mode, it is sampled at the
rising edge of the clock immediately after the T1 and TW states of the bus cycle. If the setup/hold time of the
sampling timing is not satisfied, whether a wait state is inserted in the next state is undefined.

The WAIT input function is enabled by setting the PMCCM.PMCCMO bit to 1 (see 4.3.8 Port CM).
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5.6.3 Relationship between programmable wait and external wait
Wait cycles are inserted as the result of an OR operation between the wait cycles specified by the set
programmable wait value and the wait cycles controlled by the WAIT pin.

Programmable wait
Wait control
Wait via WAIT pin

For example, if the timing of the programmable wait and the WAIT pin signal is as shown in the Figure 5-4, three
wait states will be inserted in the bus cycle. If wait insertion is controlled by the WAIT pin, wait states might not be
inserted at the expected timing. In this case, adjust the insertion timing by specifying a programmable wait value.

Figure 5-4. Example of Inserting Wait States

(a) In separate bus mode

‘ T ‘ ™ ‘ ™ ‘ T™W ‘ T2 ‘

wor LI LI LI LI LI LI L
AT o 1 [T

Wait via WAIT pin / \

Programmable wait / \

Wait control j \

Remark The circles indicate the sampling timing.

(b) In multiplexed bus mode

| |
Cwwoutr _[ L[ LI LT LI 1T 11T
WAIT pin /7~ \~ [ /T
Wait via WAIT pin / \
Programmable wait / \
Wait control / N

Remark The circles indicate the sampling timing.
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5.6.4 Programmable address wait function

Address-setup or address-hold waits to be inserted in each bus cycle can be set by using the AWC register.
Address wait insertion is set for each memory block area (memory blocks 0 to 3).

If an address-setup wait is inserted, it seems that the high-clock period of the T1 state is extended by 1 clock. If
an address-hold wait is inserted, it seems that the low-clock period of the T1 state is extended by 1 clock.

(1) Address wait control register (AWC)
This register can be read or written in 16-bit units.
Reset sets this register to FFFFH.

Cautions 1. The internal ROM, internal RAM, and on-chip peripheral I/O areas are not subject to
address-setup wait or address-hold wait insertion.
2. Write the AWC register after reset, and then do not change the set values. Also, when
changing the initial values of the AWC register, do not access an external memory area
until the settings are complete.

After reset: FFFFH R/W  Address: FFFFF488H

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

[ Aws | aswa | anwz | aswz |aHwiNeelaswiNot| aHwo | Aswo |

msg(o;ysignal Memory block 3 Memory block 2 Memory block 1 Memory block 0
AHWnN Specifies insertion of address-hold wait (n = 0 to 3)
0 Not inserted
1 Inserted
ASWn Specifies insertion of address-setup wait (n = 0 to 3)
0 Not inserted
1 Inserted

Note The AHW1 and ASW1 bits are used to specify whether to insert wait
states for the expanded internal RAM area. When using the
expanded internal RAM area, set these bits to 00. (x PD70F3841,
70F3842)

Caution Be sure to set bits 15to 8to “1”.
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5.7 Idle State Insertion Function

To realize interfacing with a low-speed device, one idle state (Tl) can be inserted after the T3 state only in the read
access of the bus cycle that is executed for each space selected by the memory block in the multiplexed
address/data bus mode. In the separate bus mode, one idle state (Tl) can be inserted after the T2 state. By
inserting idle states, the data output float delay time of the memory can be secured during a read access (an idle
state cannot be inserted during a write access).

Whether an idle state is to be inserted can be programmed by using the BCC register.

An idle state is inserted for all the areas immediately after system reset.

(1) Bus cycle control register (BCC)
This register can be read or written in 16-bit units.
Reset sets this register to AAAAH.

Cautions 1. The internal ROM, internal RAM, and on-chip peripheral I/O areas are not subject to idle
state insertion.
2. Write to the BCC register after reset, and then do not change the set values. Also,
when changing the initial values of the BCC register, do not access an external memory
area until the settings are complete.

After reset: AAAAH R/W Address: FFFFF48AH

15 14 13 12 11 10 9 8
Bec| 1 | o | 1+ | o | 1 [ o | 1 ] o |
7 6 5 4 3 2 1 0
[ Bcst | o | Bcot | o sctt™e] o | Bcot | o |
LT L1 L1 L1
Memory Memory block 3 Memory block 2 Memory block 1 Memory block 0
block n signal
BCn1 Specifies insertion of idle state (n = 0 to 3)
0 Not inserted
1 Inserted

Note The BC11 bit is used to specify whether to insert idle states for the
expanded internal RAM area. When using the expanded internal
RAM area, set this bit to 0. (« PD70F3841, 70F3842)

Caution Be sure to set bits 15,13, 11, and 9 to “1”, and clear bits 14, 12,
10, 8, 6, 4,2, and 0 to “0”.
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5.8 Bus Hold Function

5.8.1 Functional outline

The HLDRQ and HLDAK signals are valid if the PCM2 and PCMS3 pins are set to the control mode.

When the HLDRQ signal is asserted (low level), indicating that another bus master has requested bus mastership,
the external address/data bus goes into a high-impedance state, the HLDAK signal is asserted (low level), and the
bus is released (bus hold status). If the request for the bus mastership is cleared and the HLDRQ signal is

deasserted (high level), driving these signals is started again.

During the bus hold period, the CPU continues executing the program in the internal ROM and internal RAM until
an on-chip peripheral I/O register, expanded internal RAM, or the external memory is accessed.

The bus hold function enables the configuration of multi-processor type systems in which two or more bus
masters exist.

Note that a bus hold request is not acknowledged during a multiple-access cycle initiated by the bus sizing
function or a bit manipulation instruction. The timing at which a bus hold request is not acknowledged is shown
below.

Table 5-5. Timing at Which Bus Hold Request Is Not Acknowledged

Status Data Bus Access Type Timing at Which Bus Hold Request Is Not
Width Acknowledged
CPU bus lock 16 bits Word access to even address Between first and second access
Word access to odd address Between first and second access

Between second and third access

Halfword access to odd address Between first and second access

8 bits Word access Between first and second access

Between second and third access

Between third and fourth access

Halfword access Between first and second access

Read-modify-write access by bit - - Between read access and write access

manipulation instruction
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5.8.2 Bus hold procedure

The bus hold status transition procedure is shown below.

<1>
<2>
<3>
<4>

<5>

<6>
<7>
<8>

<9>

A low level signal is input to the HLDRQ pin.

All bus cycle start requests are inhibited.

End of the current bus cycle.

Shift to the bus idle status.

A low level signal is output from the HLDAK pin.

A high level signal is input to the HLDRQ pin.

A high level signal is output from the HLDAK pin.
Bus cycle start request inhibition is released.
The bus cycle starts.

HLDRQ (input)

Normal status

Bus hold status

Normal status

HLDAK (output)

<1> <2> <3><4>

<5>

<6>

<7><8><9>

5.8.3 Operation in power save mode
Because the internal system clock is stopped in the STOP and IDLE modes, the bus hold status is not entered
even if the HLDRQ pin is asserted.
In the HALT mode, the HLDAK pin is asserted as soon as the HLDRQ pin has been asserted, and the bus hold
status is entered. When the HLDRQ pin is later deasserted, the HLDAK pin is also deasserted, and the bus hold
status is exited.
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5.9 Bus Priority

Bus hold, branch instruction fetch, successive instruction fetch, operand data access, and DMA transfer are
executed in the external bus cycle.

Bus hold has the highest priority, followed by DMA transfer, operand data access, branch instruction fetch, and
then successive instruction fetch.

However, an instruction fetch may be inserted between the read access and write access in a read-modify-write
access.

If an instruction is executed for two or more accesses, an instruction fetch and bus hold are not inserted between
accesses due to bus size limitations.

Table 5-6. Bus Priority

Priority External Bus Cycle Bus Master
High Bus hold External device
DMA transfer DMAC
Operand data access CPU
Branch instruction fetch CPU
Low Successive instruction fetch CPU
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5.10 Bus Timing
Typical bus timing diagrams are shown below.

Figure 5-5. Multiplexed Bus Read Timing (Bus Size: 16 Bits, 16-bit Access)

T T2 T3

CLKOUTJ | | | | |

A21to A16 | AT

T . T2 ™ T™W ™ . T 0T

WAIT / t \

porsto 00 YT S

below.
8-bit access Odd address Even address
AD15 to AD8 Valid data Invalid data
AD7 to ADO Invalid data Valid data

T A IS N A e B
. : ! . : . S S — :
Programmable External Idle state
wait wait

Remarks 1. The validity of data if 8-bit access is executed when 16-bit access has been specified is shown

2. The broken lines indicate high impedance.

Figure 5-6. Multiplexed Bus Read Timing (Bus Size: 8 Bits)

™ T2

CLKOUT_i | | |

™ T2 ™ T™W T3 T T

A21to A16, ;
AD15 to AD8 _J '

ASTB

b —

STTT I C

' ' '
-~

Programmable External Idle state
wait wait
Remark The broken lines indicate high impedance.
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Figure 5-7. Multiplexed Bus Write Timing (Bus Size: 16 Bits, 16-bit Access)
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Remark The validity of data if 8-bit access is executed when 16-bit access has been specified is shown below.

Figure 5-8. Multiplexed Bus Write Timing (Bus Size: 8 Bits)
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Figure 5-9. Multiplexed Bus Hold Timing (Bus Size: 16 Bits, 16-bit Access)

. PoTUl T2 L T3 L TMRD TH L TH L TH L TH L Tl T D T2 | T3
CLKOUT|_|_,_|_,_|_,_|_,_|_,_|_,_|_,_|_,_|_,_|_,_|_,_|_,_|_,_|
STV S S S S N SV /A B B B
T
A21to A16 X A1 XUndennec}i- ------- ------- ------- ------- (Undeflnecx A2 X:

AD15 to ADO !

HLDAK : : 1 : : ‘\

ASTB

Note This idle state (TI) does not depend on the BCC register settings.

Remarks 1. See Table 2-2 for the pin statuses in the bus hold mode.
2. The broken lines indicate high impedance.

Figure 5-10. Address Wait Timing (Bus Size: 16 Bits, 16-bit Access)

. T2 T TAHW | T2

CLKOUT _I | | | | CLKOUT_i | | | | | |
ASTB —7@ / ASTB / /// k\\ \\ /
WAT ' \_ WAIT 5 \_

A21 to A16 :27/ " A1 A21 10 A16 :Ef/ // N\m '

AD15 to ADO (;//M\X D1 )- AD15toADO--V NN :

/'.// N \'

,__A/,\//

Remarks 1. TASW (address-setup wait): Image of high-level width of T1 state expanded.
2. TAHW (address-hold wait): Image of low-level width of T1 state expanded.
3. The broken lines indicate high impedance.
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Figure 5-11. Separate Bus Read Timing (Bus Size: 16 Bits, 16-bit Access)
(u PD70F3737, 70F3738, 70F3792, 70F3793 only)

™ & T2 | o o TW 0 TW L T2 0TI T T2

CLKOUTJllI_HJllllllll
L AV S\ Y P

T ) T
A21t0AD | A X X : LA
: (] :
"D . . o\ . .
AD15 to ADOYe® --4----{ | D1 ) S ffrebmnens ( 5 © D2 : ;
Prog'rammable' External Idle state
wait wait

Remarks 1. The validity of data if 8-bit access is executed when 16-bit access has been specified is shown

below.
8-bit access Odd address Even address
AD15 to AD8 Valid data Invalid data
AD7 to ADO Invalid data Valid data

2. The broken lines indicate high impedance.

Figure 5-12. Separate Bus Read Timing (Bus Size: 8 Bits)
(u PD70F3737, 70F3738, 70F3792, 70F3793 only)

LT T2 T2 i

awour [ 1L LI |:|,|:|,|i_

.

—
=
_|
=

3
—
N

| : [ ( 1 1 H 1 1 | | |
T f L \ v+ /1 ! ! \ .
WAIT A_/ : \ : ot / : : : \ : : / : :
A21t0 A0 | A X X : Y : X A3 X
i T i ) i T T T i
ol /TN '
AD7 to ADO --4----{ | D1 )EEEED foobeeene( '\ D2 |
Prog.rammable. External . . Idle state.
wait wait

Remark The broken lines indicate high impedance.
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Figure 5-13. Separate Bus Write Timing (Bus Size: 16 Bits, 16-bit Access)
(1 PD70F3737, 70F3738, 70F3792, 70F3793 only)

T1

3
—
N
—
=
—
=
—
N

WR1,WRO !

AD15t0 ADQ =-4-====-===

Prog'rammable' External '
wait wait

Remarks 1. The validity of data if 8-bit access is executed when 16-bit access has been specified is shown

below.
8-bit access Odd address Even address
AD15 to AD8 Valid data Invalid data
AD7 to ADO Invalid data Valid data
WR1, WRO 01 10

2. The broken lines indicate high impedance.

Figure 5-14. Separate Bus Write Timing (Bus Size: 8 Bits) (z PD70F3737, 70F3738, 70F3792, 70F3793 only)

LT T

CLKOUTJ: |
war |/ |

—
N
—
=
—
=
—
N

1
~

A21 to AO :X At X {:X : LA X /;\3 X:
] ] ] ) ] ] ] ] ]

WR1,WRO | 11 \ 10 511 ! 11 \ 10 / 11 \ 10 511

PRI S (LTI SO S GRS S N

Programmable External

wait wait
Remark The broken lines indicate high impedance.
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Figure 5-15. Separate Bus Hold Timing (Bus Size: 8 Bits, Write)
(u PD70F3737, 70F3738, 70F3792, 70F3793 only)

DOT1OD T2 D Tt D T2 Tl TH L TH ¢ TH L TH ! TNl T1 @ T2 !

CLKOUT | | | | | | | | | | | | | | | | | | | | | | | | |

HORQ | \\\ : : : ; i ; ; ;

ADAK © b v
A2110A0 | At X A2 Yundefinedj-------- o benneees fomnnees {Undefined) Az X

AD7 t0 ADQ --i=cnnnn- { D1 Y------ (D2 )--e---- beemne- feennes e R beemne- L { D3 |
WRT,WRo ‘11 Y10/ 111 N0/ 1 Neeseeeeieeoeees Peeneees Feenenes R {10/ 11

Note This idle state (Tl) does not depend on the BCC register settings.

Remark The broken lines indicate high impedance.

Figure 5-16. Address Wait Timing (Separate Bus Read, Bus Size: 16 Bits, 16-bit Access)

(« PD70F3737, 70F3738, 70F3792, 70F3793 only)

LT T2 | TASW TAHW !

CLKOUT _|_|__|_|_ CLKOUT _l | | | | |
ASTB | \: /__ ASTB / ///X\\\\\ \\:
VAN

™

]

WAIT /
V

N wl

A21t0 AO / ‘ :

v,

N
A21 to AO y A1

ZA\N

(

RD

RD //
AD15 to ADO -=-#5% ¢

Remarks 1. TASW (address setup wait): Image of high-level width of T1 state expanded.
2. TAHW (address hold wait):
3. The broken lines indicate high impedance.

AD15 to ADO ---

Image of low-level width of T1 state expanded.
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5.11 SRAM Connection Examples

Examples of connecting the V850ES/JG3-L to SRAM in separate mode using the following configurations are

shown below.
¢ Connecting an SRAM with an 8-bit data bus to the V850ES/JG3-L via an 8-bit bus
¢ Connecting two SRAMs with an 8-bit data bus to the V850ES/JG3-L via a 16-bit bus
¢ Connecting an SRAM with a 16-bit data bus to the V850ES/JG3-L via a 16-bit bus

Figure 5-17. Connecting SRAM with 8-bit Data Bus to V850ES/JG3-L via 8-bit Bus

EVoo EVoo EVoo

SRAM
V850ES/JG3-L (256 K words x 8 bit)
Damping

A0 to A17 resistor A0 to A17
Damping
ADO to AD7 <:: resistor 1/01 to 1/08

WRO |——AW\— WE

RD ! OE

A18Note :77777773 CiE
Damping
resistor

Note Generate the chip select signal using the higher address.

Figure 5-18. Connecting Two SRAMs with 8-bit Data Bus to V850ES/JG3-L via 16-bit Bus

EVoo EVoo EVoo EVop
SRAM
V850ES/JG3-L (256 K words x 8 bit)
| [Dampin
Alto A18 [ | oibcd — > Aot A17
Dampin
AD8 10 AD15 || rasintor — > 101 to /08
WRT AN~ WE
RD OE
A19Nole \77777773 ﬁ
Damping
resistor SRAM
(256 K words x 8 bit)
> A0 to A17
Dampin
ADO to AD7 [ | arPind VO1 to 1108
WRO0 WE
Dam_plng OE
resistor o
CE
Note Generate the chip select signal using the higher address.
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Figure 5-19. Connecting SRAM with 16-bit Data Bus to V850ES/JG3-L via 16-bit Bus

V850ES/JG3-L

A1to A18

ADO to AD15

WR1

WRO
RD

Al gNote

EVoo EVop EVoo EVop

(256 K words x 16 bit)

Damping

| resistor

Damping

< resistor
‘Damping

resistor

Note Generate the chip select signal using the higher address.

A0 to A17

I/01 to 1/016
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CHAPTER 6 CLOCK GENERATOR

6.1 Overview

The clock generator generates the clock signals that are input to the CPU and peripherals. The clock generator
includes a PLL circuit, which enables the clock frequency to be multiplied by four. The clock frequency can also be
divided before clock signals are input to the CPU or on-chip peripherals. Clock oscillation can also be stopped to
save power.

The clock generator has the following features:

O Main clock oscillator
¢ In clock-through mode
fx =2.5to 10 MHz (fxx = 2.5 to 10 MHz) (« PD70F3737, 70F3738)
(fxx = 1.25 to 10 MHz) (x PD70F3792, 70F3793, 70F3841, 70F3842)
¢ In PLL mode
fx =2.510 5 MHz (x4 : fxx = 10 to 20 MHz)
O Subclock oscillator
o fxT =32.768 kHz
O Internal oscillator
e frR =220 kHz (TYP.)
O Multiplication (x4) function via PLL (Phase Locked Loop)
¢ Clock-through mode/PLL mode selectable (fx = 2.5 to 5 MHz)
O Internal system clock generation
o 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxr)
O Peripheral clock generation
O Clock output
O External clock input

Remark fx: Main clock oscillation frequency
fxx: Main clock frequency
fxt: Subclock frequency
fr: Internal oscillator clock frequency
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6.2 Configuration

Figure 6-1. Clock Generator

FRC bit
XT10-] Timer M clock
SUb.fllchk b b RTCNe**2/Watch timer clock,
XT20—| oscilator Watchdog timer 2 clock
_ 12
h/2-tx/2 RTCNe**2/Watch timer clock
IDLE
MFRC PLLON control oxs
bit bit IDLE mode ——
r CK2 to CKO
X101 Main clock fx _ IDLE | | Prescaler 2 bits Note1
X20— oscillator ,g control HALT
[0 [e}
. t | 2 /32 3 mode
Main clock " /16 ol
oscillator & . » .
stop control | - -pennzazaaanaand : fod8 | 2 2 Lo |HALTIfePY o ciock
: 112 ; bodd | 3 3 || Leontrol
MCK STOP " SELPLL fo2 @ @ fok  Internal
bit mode L bit system clock
: R fxx
: CKTHSEL bit
: Note2 :
Internal fr 1/8 divider fr/8 Watchdog timer 2 clock,
oscillator timer M clock
RSTOP bit
CLKOUTO=——/ Port CM
P | fxx to fxx/1,024  Peripheral clock,
—| Prescaler 1 watchdog timer 2 clock
Notesl. The internal oscillator clock is selected when watchdog timer 2 overflows during the oscillation
stabilization time.
2. The feature shown in the dotted line is only available in the ¢ PD70F3792, 70F3793, 70F3841, 70F3842.
Remark fx: Main clock oscillation frequency
fxx:  Main clock frequency
fck:  Internal system clock frequency
fxt:  Subclock frequency
fcru:  CPU clock frequency
fr:  Internal oscillator clock frequency
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Q)

)

(©)

(4)

(5)

(6)

(7)

®)

Main clock oscillator
The main clock oscillator uses a ceramic/crystal resonator connected to X1 and X2 pins to oscillate the
following frequencies (fx).

¢ In clock-through mode
fx = 2.5 to 10 MHz (fxx = 2.5 to 10 MHz) (¢« PD70F3737, 70F3738)
(fxx = 1.25 to 10 MHz) (1« PD70F3792, 70F3793, 70F3841, 70F3842)
e In PLL mode
fx =2.51t0 5 MHz (x4 : fxx = 10 to 20 MHz)

An external clock of the following frequency is input to the X1 pin.

¢ In clock-through/PLL mode
fx =2.5t0 5 MHz

Subclock oscillator

The subclock oscillator oscillates a frequency of 32.768 kHz (fxT).

In the 4« PD70F3792,70F3793, 70F3841, 70F3842, this is in the RTC backup area and causes the subclock to
continue oscillating even in the RTC backup mode.

Main clock oscillator stop control

This circuit generates a control signal that stops oscillation of the main clock oscillator.

Oscillation of the main clock oscillator is stopped in the STOP mode or when the PCC.MCK bit is 1 (valid only
when the PCC.CLS bit is 1).

Internal oscillator
Oscillates a frequency (fr) of 220 kHz (TYP.).

Prescaler 1

This prescaler generates the clock (fxx to fxx/1,024) to be supplied to the following on-chip peripheral
functions: TMPO to TMP5, TMQO, TMMO, CSIBO to CSIB4, UARTAO to UARTA5, UARTCO, I°C00 to I°C02,
ADC, and WDT2

Prescaler 2

This circuit divides the main clock (fxx).

The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the CPU clock
(fcpu) and internal system clock (fcLk).

fcik is the clock supplied to the INTC, ROM, RAM, and DMA blocks, and can be output from the CLKOUT pin.

PLL

This circuit multiplies the clock generated by the main clock oscillator (fx) by 4.

It operates in two modes: clock-through mode in which fx is output as is, and PLL mode in which a multiplied
clock is output. These modes can be selected by using the PLLCTL.SELPLL bit.

PLL is started or stopped by the PLLCTL.PLLON bit.

Clock I/O Circuit

This circuit outputs the internal system clock to the CLKOUT pin.

The PMCCM?1 bit of the PMCCM register for port CM controls whether the PMC1 pin operates as an 1/O port
or as CLKOUT output.
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6.3 Registers

(1) Processor clock control register (PCC)

The PCC register is a special register.

Data can be written to this register only in combination of specific

sequences (see 3.4.7 Special registers).

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

Reset sets this register to 03H.

(1/2)
After reset: 03H R/W Address: FFFFF828H
7 <6> 5 <4> <3> 2 1 0
PCC [FRC™*"J MCK | MFRC [CLS™| cKk3 | ck2 | CKi | CKo |
FRCNtes!. 2 Use of subclock on-chip feedback resistor

0 Used
1 Not used

MCK Main clock oscillator control
0 Oscillation enabled
1 Oscillation stopped

MFRC Use of main clock on-chip feedback resistor
0 Used (when ceramic/crystal resonator is used)
1 Not used (when external clock is used)

CLgNetes Status of CPU clock (fcru)

0 Main clock operation
1 Subclock operation

CK3 CK2 CK1 CKo Clock selection (fcLk/fcpu)
0 0 0 0 fxx
0 0 0 1 fxx/2
0 0 1 0 fxx/4
0 0 1 1 fxx/8 (Initial value)
0 1 0 0 fxx/16
0 1 0 1 fxx/32
0 1 1 X Setting prohibited
1 X X X fxr

Notesl. When the FRC bit is set (to 1), the subclock stops oscillating
(1« PD70F3792, 70F3793, 70F3841, 70F3842).
2. When return to the RTC backup mode, specify RTCBUMCTLO.
RBMSET (to 0) and then set the FRC bit (to 1) (# PD70F3792,
70F3793, 70F3841, 70F3842).
3. The CLS bit is a read-only bit.
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212)

Cautions 1. Do not change the CPU clock (by using the CK3 to CKO bits) while CLKOUT is being
output.

2. Use a bit manipulation instruction to manipulate the CK3 bit. When using an 8-bit
manipulation instruction, do not change the set values of the CK2 to CKO bits.

3. When the external clock is used, set the MFRC bit to “1” so as not to use the internal
feedback resistor.

4. Even if the MCK bit is set (1) while the system is operating with the main clock as the CPU
clock, the operation of the main clock does not stop. It stops after the CPU clock has
been changed to the subclock.

5. Before changing the MCK bit from 0 to 1, stop the on-chip peripheral functions operating
on the main clock.

6. When the main clock is stopped and the device is operating on the subclock, clear (0) the
MCK bit and secure the oscillation stabilization time by software before switching the CPU
clock to the main clock or operating the on-chip peripheral functions.

Remark x: don’t care

ROTUHO165EJ0900 Rev.9.00 Page 220 of 1113
Mar 25, 2014 RENESAS



V850ES/JG3-L CHAPTER 6 CLOCK GENERATOR

(a) Example of changing main clock operation to subclock operation

<1> CKS3 bit « 1: Use of a bit manipulation instruction is recommended. Do not change the
CK2 to CKO bits.
<2> Subclock operation: Read the CLS bit to check if subclock operation has started. It takes the
following time after the CKS3 bit is set until subclock operation is started.
Max.: 1/fx (1/subclock frequency)
<3> MCK bit « 1: Set the MCK bit to 1 only when stopping the main clock.

Cautions 1. When stopping the main clock, stop the PLL. Also stop the operations of the
on-chip peripheral functions operating on the main clock.
2. If the following condition is not satisfied, change the CK2 to CKO bits so that the
condition is satisfied, then change to the subclock operation mode.
Internal system clock (fcLk) > Subclock (fxr: 32.768 kHz) x 4

Remark Internal system clock (fcik): Clock generated from the main clock (fxx) by setting bits CK2 to
CKo

[Description example]

_DMA DISABLE:

clrl 0, DCHCn[rO0] -- DMA operation disabled. n=0to 3
<1> _SET SUB RUN :

st.b r0, PRCMD[r0]
setl 3, PCC[ro] -- CK® bit « 1
<2> _CHECK CLS :
tstl 4, PCC[ro0] -- Wait until subclock operation starts.
bz __CHECK_CLS
<3> _STOP_MAIN CLOCK :
st.b r0, PRCMD[r0]
setl 6, PCC[rO0] -- MCK bit «- 1, main clock is stopped.

_DMA_ ENABLE:
setl 0, DCHCn[ro0] -- DMA operation enabled. n=0to 3

Remark The description above is simply an example. Note that in <2> above, the CLS bit is checked
in a closed loop.
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(b) Example of changing subclock operation to main clock operation

<1> MCK bit « O: Main clock starts oscillating

<2> |Insert waits by program and wait until the oscillation stabilization time of the main clock has
elapsed.

<3> CK8 bit « 0: Use of a bit manipulation instruction is recommended. Do not change

the CK2 to CKO bits.
<4> Main clock operation: It takes the following time after the CK3 bit is set until main clock operation
is started.
Max.: 1/fxt (1/subclock frequency)
Therefore, insert one NOP instruction immediately after setting the CK3 bit
to 0.

Caution Enable operation of the on-chip peripheral functions operating on the main clock only
after the oscillation of the main clock stabilizes. If their operations are enabled before
the lapse of the oscillation stabilization time, a malfunction may occur.

[Description example]
_DMA DISABLE:

clrl 0, DCHCn[ro0] -- DMA operation disabled. n=01t0 3
<1> START MAIN OSC :
st.b r0, PRCMD([r0] -- Release of protection of special registers
clrl 6, PCC[r0] -- Main clock starts oscillating.
<2> movea 0x55, r0, rll -- Wait for oscillation stabilization time.
_WAIT OST :
nop
nop
nop
addi -1, rll, ri1l
bnz _WAIT OST
<3> st.b r0, PRCMD[r0]
clrl 3, PCClro0] --CK3« 0
<4> nop
_DMA_ ENABLE:
setl 0, DCHCn[rO0] -- DMA operation enabled. n=0t0 3

ROTUHO165EJ0900 Rev.9.00 Page 222 of 1113
Mar 25, 2014 RENESAS



V850ES/JG3-L CHAPTER 6 CLOCK GENERATOR

(2) Internal oscillator mode register (RCM)
The RCM register is an 8-bit register that sets the operation mode of the internal oscillator.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF80CH

7 5 3 2 1 <0>
rRev [ o | o | o | o | o | o | o |Rstor|
RSTOP Oscillation/stop of internal oscillator
0 Do not stop internal oscillator oscillation
1 Stop internal oscillator

Cautions 1. The internal oscillator cannot be stopped while the CPU is operating on the
internal oscillator clock (CCLS.CCLSF bit=1). Do not set the RSTOP bit to 1.
2. The internal oscillator oscillates if a watchdog timer overflow occurs while
the oscillator signal is stabilizing after STOP mode has been canceled by the
occurrence of an interrupt (that is, if the CCLS.CCLSF bit is set to 1), even if
the internal oscillator is stopped (the RSTOP bit is 1). At this time, RSTOP
remains set to 1.
3. The settings of the RCM register are valid by setting the option byte only in

the . PD70F3792, 70F3793, 70F3841 and 70F3842 . For details, see CHAPTER
29 OPTION BYTE.

(3) CPU operation clock status register (CCLS)
The CCLS register indicates the status of the CPU operation clock.
This register is read-only, in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: QQHN°*® R Address: FFFFF82EH

6 5 3 2 1 0
cc,s [ o | o | o | o | o | o | o |ccLsF|
CCLSF CPU operation clock status
0 Operating on main clock (fx) or subclock (fxr).
1 Operating on internal oscillator clock (fr).

Note If a WDT overflow occurs during oscillation stabilization after a reset is released or STOP mode is

released, the CCLSF bit is set to 1 and the reset value is 01H.
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(4) Clock-through select

register (CKTHSEL) (u PD70F3792, 70F3793, 70F3841, 70F3842 only)

The CKTHSEL register is used to select the clock-through frequency or the clock-through frequency divided
by 2 when in the clock-through mode.

This register can be read or written in 8-bit or 1bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF380H
6 5 4 3 2 1 <0>
CKTHSEL | 0 0 0 0 0 0 0 |CKTHSELQ|
CKTHSELO Clock-through select register
0 Clock-through frequency

1

Clock-through frequency divided by 2
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6.4 Operations

6.4.1

Operation of each clock

The following table shows the operation status of each clock.

Table 6-1.

Operation Status of Each Clock

Register Setting and

PCC Register

Operation Status CLK Bit = 0, MCK Bit =0 CLSBit=1, CLSBit=1, |
MCK Bit=0 MCK Bit=1

el 2| 3z 88 9 & o & _el=z.

algse|l 5 8% S g 5% g §E¥8iz
Target Clock A=E g §% g % 52 % 52/%5 0

i 28 o o ©® o =3 =3
Main clock oscillator (fx) x N N N x S x x - Noted
Subclock oscillator (fxr) y J J J J Y N N
CPU clock (feru) % % y X x N x N 5 Noted
Internal system clock (fcix) x x v x x N x N x _ Noted
Main clock (in PLL mode, fxx) x hotet V N x N N MNote2 | Note2 | _Notes
Peripheral clock (fxx to fxx/1,024) x x \ x x S x x x - Notes
WT clock (main) x J J J x J y x x _Noted
WT clock (sub) \/ J J J \/ 3 \/ \/ \/ - Noted
WDT2 clock (internal oscillation) x N N N N R v N Y - Noted
WDT2 clock (main) x x v x x N % % % _Note
WDT?2 clock (sub) \/ J J J J J 3 \/ V - Noted
RTC clock (main) "' x N N N y N N y o _ Notes
RTC clock (sub) "' N N N N J N N N N N

Notes 1. Lockup time

2.
3.
4.
5.

Remark +:  Operating
x: Stopped
- Undefined

Be sure to set the PLLCTL.PLLON to 0.

Because Vpp is less than the guaranteed operating voltage, the register value is undefined.
Because Vpp is less than the guaranteed operating voltage, the operating status is undefined.

w1 PD70F3792, 70F3793, 70F3841, 70F3842 only
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6.4.2 Clock output function

The clock output function is used to output the internal system clock (fcLk) from the CLKOUT pin.

The internal system clock (fck) is selected by using the PCC.CK3 to PCC.CKO bits.

The CLKOUT pin functions alternately as the PCM1 pin and functions as a clock output pin if so specified by the
control register of port CM.

The status of the CLKOUT pin is the same as the internal system clock in Table 6-1 and the pin can output the
clock when it is in the operable status. It outputs a low level in the stopped status. However, the CLKOUT pin is in
the port mode (PCM1 pin: input mode) after reset and until it is set in the output mode. Therefore, the status of the
pin is Hi-Z.

6.4.3 External clock signal input

An external clock signal can be directly input to the oscillator. Input the clock to the X1 pin and leave the X2 pin
open. Set the PCC.MFRC bit to 1 (on-chip feedback resistor not used). Note, however, that time is required to
stabilize the oscillator signal even when inputting an external clock signal.

6.5 PLL Function

6.5.1 Overview

In the VB50ES/JG3-L, an operating clock that is the oscillation frequency multiplied by 4 by the PLL function or an
unmultiplied clock (clock-through mode) can be selected as the operating clock of the CPU and on-chip peripheral
functions.

When PLL function is used: Input clock = 2.5 to 5 MHz (output: 10 to 20 MHz)
Clock-through mode: Input clock = 2.5 to 10 MHz (output: 2.5 to 10 MHz) (« PD70F3737, 70F3738)
=2.5to 10 MHz (output: 1.25 to 10 MHz)
(« PD70F3792, 70F3793, 70F3841, 70F3842)
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6.5.2 Registers

(1) PLL control register (PLLCTL)
The PLLCTL register is an 8-bit register that controls the PLL function.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 01H.

After reset: 01H R/W Address: FFFFF82CH

3 2 <1> <0>
PLLCTL | o | o | o | o | o | o |SELPLL|PLLON |

SELPLL Selection of CPU operation clock mode

0 Clock-through mode

1 PLL mode
PLLON Control of PLL operation

0 Disable PLL operation

1 Enable PLL operation

(After PLL operation starts, a lockup time is required for frequency stabilization.)

Cautions 1. When the PLLON bit is cleared to 0, the SELPLL bit is automatically cleared to 0
(clock-through mode).
2. The SELPLL bit can be set to 1 only when the PLL clock frequency is stabilized. If not (if
the PLL is unlocked), “0” is written to the SELPLL bit whatever data is written to it.

(2) Clock control register (CKC)
The CKC register is a special register. Data can be written to this register only in a combination of specific
sequences (see 3.4.7 Special registers).
The CKC register controls the internal system clock in the PLL mode.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 0AH.

After reset: 0AH R/W Address: FFFFF822H

3 2 1 0
ckc [ o | o | o | o | 1 | o | 1 |ckovo]
CKDIVO Internal system clock (fxx) in PLL mode

0 fxx = 4 x fx (fx = 2.5 t0 5.0 MHz)
1 Setting prohibited

Cautions 1. The PLL mode cannot be used when fx = 5.0 to 10.0 MHz.

2. Be sure to set the CKC register to 0AH. If a value other than 0AH is set, the operation is
not guaranteed.
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(3) Lock register (LOCKR)
The PLL locks the phase at a given frequency after the power is turned on or immediately after the STOP
mode is canceled. The time required for the frequency to stabilize is the lockup time (frequency stabilization
time). This state until the frequency stabilizes is called the lockup status, and the state in which the frequency
is stabilized is called the locked status.
The LOCKR register includes a LOCK bit that reflects the PLL frequency stabilization status.
This register is read-only, in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: O0H R Address: FFFFF824H

4 3 2 1 <0>
tockk [ o | o | o | o | o | o | o | ook |
LOCK PLL lock status check
0 Locked status
1 Unlocked status

Caution The LOCK register does not reflect the lock status of the PLL in real time. The set/clear

conditions are as follows.

[Set conditions]

e Upon system reset"°*®
e In IDLE2 or STOP mode

e Upon setting of PLL stop (clearing of PLLCTL.PLLON bit to 0)

e Upon stopping main clock and using CPU on subclock (setting of PCC.CK3 bit to 1 and setting of PCC.MCK

bit to 1)

Note This register is set to 01H by reset and cleared to OOH after the reset has been released and the

oscillation stabilization time has elapsed.

[Clear conditions]

. Upon overflow of oscillation stabilization time following reset release (OSTS register default time (see
CHAPTER 29 OPTION BYTE))

. Upon oscillation stabilization timer overflow (time set by OSTS register) following STOP mode release,
when the STOP mode was set in the PLL operating status

. Upon PLL lockup time timer overflow (time set by PLLS register) when the PLLCTL.PLLON bit is
changed from0Oto 1

e  After the setup time inserted upon release of the IDLE2 mode (time set by the OSTS register) has

elapsed when the IDLE2 mode is set during PLL operation.
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(4) PLL lockup time specification register (PLLS)
The PLLS register is an 8-bit register used to select the PLL lockup time when the PLLCTL.PLLON bit is
changed from 0 to 1.
This register can be read or written in 8-bit units.
Reset sets this register to 03H.

After reset: O3H R/W Address: FFFFF6C1H

5 4 3 2 1 0
s [ o | o | o | o | o | o |[Prst| Puso|
PLLS1 PLLSO Selection of PLL lockup time
0 0 210/fx
0 1 21 /fx
1 0 212/fx
1 1 2'%/fx (default value)

Cautions 1. Set so that the lockup time is at least 400 us.
2. Do not change the PLLS register setting during the lockup period.
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6.5.3 Usage

(1) When PLL is used

o After the reset signal has been released, the PLL operates (PLLCTL.PLLON bit = 1), but because the
default mode is the clock-through mode (PLLCTL.SELPLL bit = 0), select the PLL mode (SELPLL bit = 1).

e To enable PLL operation, first set the PLLON bit to 1, and then set the SELPLL bit to 1 after the
LOCKR.LOCK bit becomes 0. To stop the PLL, first select the clock-through mode (SELPLL bit = 0), wait
for 8 clocks or more, and then stop the PLL (PLLON bit = 0).

e The PLL stops during transition to the IDLE2 or STOP mode regardless of the setting and is restored from
the IDLE2 or STOP mode to the status before transition. The time required for restoration is as follows.

(@) When transitioning to the IDLE2 or STOP mode from the clock through mode

e STOP mode: Setthe OSTS register so that the oscillation stabilization time is at least 400 ys.
e |IDLE2 mode: Setthe OSTS register so that the setup time is at least 200 xs.

(b) When transitioning to the IDLE 2 or STOP mode while remaining in the PLL operation mode

e STOP mode: Setthe OSTS register so that the oscillation stabilization time is at least 400 ys.
e |IDLE2 mode: Setthe OSTS register so that the setup time is at least 400 xs.

When transitioning to the IDLE1 mode, the PLL does not stop. Stop the PLL if necessary.

(2) When PLL is not used
¢ The clock-through mode (SELPLL bit = 0) is selected after the reset signal has been released, but the PLL
is operating (PLLON bit = 1) and must therefore be stopped (PLLON bit = 0).
The time required for restoration from the IDLE2 and STOP modes is as follows.

e STOP mode: Setthe OSTS register so that the oscillation stabilization time is at least 400 ys.
e IDLE2 mode: Setthe OSTS register so that the setup time is at least 200 s.
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6.6 How to Connect a Resonator

6.6.1 Main clock oscillator

The signal input to the main clock oscillator is oscillated by a ceramic or crystal resonator connected to the X1 and
X2 pins. The frequency of the resonator is 2.5 to 10 MHz.

An external clock signal can also be input to the main clock oscillator.

Figure 6-2 shows an example of the circuit connected to the main clock oscillator.

Figure 6-2. Example of Circuit Connected to Main Clock Oscillator

(@) Crystal or ceramic resonator (b) External clock

| Vss

! | X1 External clock —Doi X1
1

1

{ TNV

X X2

Open | X2

Cautions related to connecting these circuits are shown on the following page.

6.6.2 Subclock oscillator

The signal input to the subclock oscillator is oscillated by a crystal resonator connected to the XT1 and XT2 pins.
The frequency of the resonator is 32.768 kHz (standard).

Figure 6-3 shows an example of the circuit connected to the subclock oscillator.

Figure 6-3. Example of Circuit Connected to Subclock Oscillator

(@) Crystal resonator

Vss

I
3l 32.768

: = kHz

! —] |—1W XT2

Cautions related to connecting this circuit are shown on the following page.
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Caution 1. When using the main clock or subclock oscillator, wire as follows in the area enclosed by the
broken lines in Figures 6-2 and 6-3 to avoid an adverse effect from wiring capacitance.

Keep the wiring length as short as possible.

Do not cross the wiring with the other signal lines.

Do not route the wiring near a signal line through which a high fluctuating current flows.
Always make the ground point of the oscillator capacitor the same potential as Vss.

Do not ground the capacitor to a ground pattern through which a high current flows.

Do not fetch signals from the oscillator.

The subclock oscillator is designed as a low-amplitude circuit for reducing power
consumption. Particular care is therefore required with the wiring method when the
subclock is used.

Figure 6-4 shows examples of incorrect resonator connections.

Figure 6-4. Examples of Incorrect Resonator Connections (1/2)

(a) The wiring is too long. (b) The wiring crosses other signal lines.
PORT
Vss X1 X2 Vss X1 X2

= =

Remark For the subsystem clock, read X1 and X2 as XT1 and XT2. Note that a resistor must be

inserted in series on the XT2 side.
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Figure 6-4. Examples of Incorrect Resonator Connections (2/2)

(¢) The wiring is routed near a signal line

(d) A current with a higher potential than that of the
through which a high fluctuating current flows.

ground line of the oscillator block is flowing.
(The potential differs at points A, B, and C.)

Vop

Pmn
Vss X1 X2

N P [I}-i
IR

\ 7-7-l High current

Vss

 —

High current

e

(e) Signals are being fetched.

Vss

?

FI

.

Ve

Remark For the subsystem clock, read X1 and X2 as XT1 and XT2. Note that a resistor must be
inserted in series on the XT2 side.

Cautions2. If X2 and XT1 are wired in parallel, crosstalk noise from XT1 may have a synergistic

effect on X2, causing a malfunction.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Timer P (TMP) is a 16-bit timer/event counter.
The V850ES/JG3-L has six timer/event counter channels, TMPO to TMP5 (TMPn).

7.1 Overview

TMPn has the following features.

(1) Interval timer
TMPn generates an interrupt at a preset interval and can output a square wave.

(2) External event counter
TMPn counts the number of externally input signal pulses.

(3) External trigger pulse output
TMPn starts counting and outputs a pulse when the specified external signal is input.

(4) One-shot pulse output
TMPn outputs a one-shot pulse with an output width that can be freely specified.

(5) PWM output
TMPn outputs a pulse with a constant cycle whose active width can be changed.
The pulse duty can also be changed freely even while the timer is operating.

(6) Free-running timer
TMPn increments from 0000H to FFFFH and then resets.

(7) Pulse width measurement
TMPn can be used to measure the pulses of a signal input externally.

Remark n=0to5
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7.2 Configuration

TMPn includes the following hardware.

Table 7-1. Configuration of TMPn

ltem Configuration

Registers 16-bit counter

TMPn counter read buffer register (TPNCNT)

TMPn capture/compare registers 0, 1 (TPnCCRO, TPnCCR1)
CCRO0, CCR1 buffer registers

TMPn control registers 0, 1 (TPNCTLO, TPnCTL1)

TMPn 1/O control registers 0 to 2 (TPnIOCO to TPnIOC2)
TMPn option register 0 (TPNOPTO)

Timer inputs 2 (TIPnO, TIPn1 pins)

Timer outputs 2 (TOPNO, TOPN1 pins)

Figure 7-1. Block Diagram of TMPn

S Internal bus S
fxx —=] TPNnCNT
fxx/2 —=]
fodd —| 5 ﬁ
fxx/8 — ©
/16 —=| 3 S |+ 16-bit counter INTTPnOV
e /32— 2 8 {} ‘ ‘ Clear
fxx/64Note 1 fxx/256N°t% 2 —= ] =
fox/128N0t 1, fxx/512Nete 2 —= 2 ﬁ A4 53 8%?&?
St
CCRO ‘ ‘ O3
buffer
register CCR1 —w—— INTTPnCCO
ﬁ buffer INTTPnCC1
register
TIPNO O~ ° % TPnCCRO i
°
TP O~ Y3 TPnCCR1
| |
S Internal bus S
Notes 1. TMPO, TMP2, TMP4
TMP1, TMP3, TMP5
Remark fxx: Main clock frequency
n=0to5
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Q)

()

©)

(4)

(®)

(6)

)

(8)

©

16-bit counter

This is a 16-bit counter that counts internal clocks and external events.

This counter can be read by using the TPnCNT register.

When the TPnCTLO.TPnCE bit is 0 and the counter is stopped, the counter value is FFFFH. If the TPNnCNT
register is read at this time, 0000H is read.

Reset sets the TPnCE bit to 0, stopping the counter, and setting its value to FFFFH.

TMPn counter read buffer register (TPnCNT)
This is a read buffer register from which the value of the 16-bit counter can be read.

TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
These registers can be used as either capture registers or compare registers, in accordance with the
specified mode.

CCRO buffer register

This is a 16-bit compare register that compares the value of the 16-bit counter.

When the TPnCCRO register is used as a compare register, the value written to the TPnCCRO register is
transferred to the CCRO buffer register. If the value of the 16-bit counter matches the value of the CCRO
buffer register, a compare match interrupt request signal (INTTPnCCO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset because the TPNCCRO register is cleared to 0000H.

CCR1 buffer register

This is a 16-bit compare register that compares the value of the 16-bit counter.

When the TPnCCR1 register is used as a compare register, the value written to the TPnCCR1 register is
transferred to the CCR1 buffer register. If the count value of the 16-bit counter matches the value of the
CCRH1 buffer register, a compare match interrupt request signal (INTTPnCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset because the TPNCCR1 register is cleared to 0000H.

TMPn control registers 0 and 1 (TPnCTLO and TPnCTL1)
These are 8-bit registers that control the operations of TMPn.

TMPn I/O control registers 0 to 2 (TPnlOCO to TPnlOC2)
These are 8-bit registers that control the input and output of TMPn.

TMPn option register 0 (TPnOPTO0)
This is an 8-bit register that controls the specification of settings such as capture and compare.

Edge detector

This circuit detects the valid edges input to the TIPnO and TIPn1 pins. No edge, rising edge, falling edge, or
both the rising and falling edges can be selected as the valid edge by using the TPnIOC1 and TPnlOC2
registers.
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(10) Output controller
This circuit controls the output of the TOPn0O and TOPn1 pins. The output controller is controlled by the
TPnIOCO register.

(11) Selector

The selector selects the count clock for the 16-bit counter. One of eight internal clocks or the input of an
external event can be selected as the count clock.

Remark n=0to5

7.21 Pins used by TMPn
The input and output pins used by TMPn are shown in Table 7-2 below. When using these pins for TMPn, first set
them to port mode. For details, see Table 4-15 Settings When Pins Are Used for Alternate Functions.

Table 7-2. Pins Used by TMPn

Timer Pin No. Port TMP Input TMP Output Alternate Function
Channel GC F1

TMPO 27 L4 P32 | TIPOO™* TOP0O ASCKAO/SCKB4

28 K4 P33 TIPO1 TOPO1 -
TMP1 29 K5 P34 TIP1Q™*" TOP10 -

30 J5 P35 TIP11 TOP11 -
TMP2 50 J11 P97 TIP20""" TOP20 (A7)"°%/SIB1(/RXDCO) "=

49 K11 P96 TIP21 TOP21 (AB)"** (/TXDCO)"***
TMP3 48 K10 P95 TIP30""" TOP30 (A5)"°® (/RXDA5) "2

47 L10 P94 TIP31 TOP31 (A4)"*® (/TXDA5)"**
TMP4 46 J9 P93 TIP4Q™"! TOP40 (A3)"°® (/RXDA4)""*?

45 K9 P92 TIP41 TOP41 (A2)""*® (JTXDA4)""**
TMP5 58 G8 P915 | TIP5Q""" TOP50 (A15)"°*/INTP6

57 G9 P914 | TIP51 TOP51 (A14)""°*/INTP5

Notesl. The TIPnO pin functions as a capture trigger input, as an external event input, and as an external
trigger input (n =0 to 5).
2. uPD70F3792, 70F3793, 70F3841, 70F3842 only
3. uPD70F3737, 70F3738, 70F3792, 70F3793 only

Caution Other than alternate function pins above, INTUAST interrupt of UART5 and
INTP3CCL1 interrupt of TMP3, and INTUASR interrupt of UART5 and INTP30V
interrupt of TMP3 are alternate interrupt signals and therefore cannot be used
simultaneously (#PD70F3792, 70F3793, 70F3841, 70F3842 only).

Remark GC: 00-pin plastic LQFP (fine-pitch) (14 x 14)
F1: 21-pin plastic FBGA (8 x 8)
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7.2.2 Interrupts
The following three types of interrupt signals are used by TMPn:

(1) INTTPnCCO
This signal is generated when the value of the 16-bit counter matches the value of the CCRO buffer register, or

when a capture signal is input from the TIPnO pin.

(2) INTTPnCC1
This signal is generated when the value of the 16-bit counter matches the value of the CCR1 buffer register, or

when a capture signal is input from the TIPn1 pin.

(3) INTTPnOV
This signal is generated when the 16-bit counter overflows after incrementing up to FFFFH.
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7.3 Registers

The registers that control TMPn are as follows.

e TMPn control register 0 (TPnCTLO)

e TMPn control register 1 (TPNCTL1)

e TMPn I/O control register 0 (TPnIOCO)

e TMPn I/O control register 1 (TPnlOC1)

e TMPn I/O control register 2 (TPnlOC2)

e TMPn option register 0 (TPNOPTO)

e TMPn capture/compare register 0 (TPnCCRO)
¢ TMPn capture/compare register 1 (TPnCCR1)
e TMPn counter read buffer register (TPNnCNT)

Remarks 1. When using the functions of the TIPnO, TIPn1, TOPnO, and TOPn1 pins, see Table 4-15 Settings
When Pins Are Used for Alternate Functions.
2.n=0to5
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(1) TMPn control register 0 (TPnCTLO)
The TPnCTLO register is an 8-bit register that controls the operation of TMPn.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.
The same value can always be written to the TPnCTLO register by software.

After reset: 00H R/W Address: TPOCTLO FFFFF590H, TP1CTLO FFFFF5A0H,
TP2CTLO FFFFF5BOH, TP3CTLO FFFFF5COH,
TP4CTLO FFFFF5DOH, TP5CTLO FFFFF5EQH
<7> 6 5 4 3 2 1 0
TPCTLO [ TPiCE| o | o | o | o |TPnCKS2[TPnCKS1|TPnCKSO|
(n=0to5)
TPnCE TMPn operation control
0 TMPn operation disabled (TMPn reset asynchronously™°®).
1 TMPn operation enabled. TMPn operation started.
TPnCKS2| TPnCKS1| TPnCKSO0 Internal count clock selection
n=0,24 n=1,35
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 0 0 fxx/16
1 0 1 fxx/32
1 1 0 fxx/64 fxx/256
1 1 1 fxx/128 fxx/512
Note TPnOPTO.TPnOVF bit, 16-bit counter, timer output (TOPNO, TOPnN1 pins)
Cautions 1. Set the TPnCKS2 to TPnCKSO0 bits when the TPnCE bit = 0.
When the value of the TPnCE bit is changed from 0 to 1, the
TPnCKS2 to TPnCKSO0 bits can be set simultaneously.
2. Be sure to clear bits 3 to 6 to “0”.
Remark fxx: Main clock frequency
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(2) TMPn control register 1 (TPnCTL1)
The TPnCTL1 register is an 8-bit register that controls the operation of TMPn.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Afterreset: 00H R/  Address: TPOCTL1 FFFFF591H, TP1CTL1 FFFFF5ATH,
TP2CTL1 FFFFF5B1H, TP3CTL1 FFFFF5CTH,
TP4CTL1 FFFFFSD1H, TP5CTL1 FFFFF5E1H

<6> <5> 4 3 2 1 0
TPCTL1 | 0 | TPnEST|TPnEEE| 0 | 0 |TPnMD2|TPnMD1 | TPnMDO |
(n=0to 5)

TPnEST Software trigger control
0 —

1 Generate a valid signal for external trigger input.
 In one-shot pulse output mode: A one-shot pulse is output with writing
1 to the TPnEST bit as the trigger.
o In external trigger pulse output mode: A PWM waveform is output with
writing 1 to the TPnEST bit as the
trigger.

TPnEEE Count clock selection

0 Disable operation with external event count input.
(Perform counting with the internal count clock selected by the
TPnCTLO.TPnCKO to TPnCK2 bits.)

1 Enable operation with external event count input.
(Perform counting at the valid edge of the external event count input
signal.)

TPnMD2 | TPnMD1 | TPnMDO Timer mode selection

0 0 0 Interval timer mode

0 1 External event count mode

0
0 1 0 External trigger pulse output mode
0

—_
—_

One-shot pulse output mode

0 PWM output mode

[N Ne]

1 Free-running timer mode

1 1 0 Pulse width measurement mode

1 1 1 Setting prohibited

Cautions 1. The TPnEST bit is valid only in the external trigger pulse output
mode or the one-shot pulse output mode. In any other mode,
writing 1 to this bit is ignored.

2. External event count input is selected in the external event count
mode regardless of the value of the TPnEEE bit.

3. Set the TPnEEE and TPnMD2 to TPnMDO bits when the timer
operation is stopped (TPnCTLO.TPnCE bit = 0). (The same value
can be written when the TPnCE bit = 1.) The operation is not
guaranteed when rewriting is performed with the TPnCE bit = 1. If
rewriting was mistakenly performed, clear the TPnCE bit to 0 and
then set the bits again.

4. Be sure to clear bits 3, 4, and 7 to “0”.
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(3) TMPn I/O control register 0 (TPnIOCO)
The TPnlOCO register is an 8-bit register that controls the operation of timer output (TOPnO, TOPn1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: TPOIOCO FFFFF592H, TP110CO FFFFF5A2H,
TP2I0CO0 FFFFF5B2H, TP3IOCO FFFFF5C2H,
TP410C0 FFFFF5D2H, TP5I0CO FFFFF5E2H

4 3 <2> 1 <0>
tPnioco | o | o | o | o |TPnoL1|TPnOET | TPnOLO | TPROED |
(n=0to5)
TPnOL1 TOPN1 pin output level settingN°t®
0 TOPN1 pin starts output at high level
1 TOPN1 pin starts output at low level
TPnOE1 TOPN1 pin output setting

0 Timer output disabled
e When TPnOL1 bit = 0: Low level is output from the TOPn1 pin
e When TPnOL1 bit = 1: High level is output from the TOPn1 pin

1 Timer output enabled (a pulse is output from the TOPn1 pin).

TPnOLO TOPNO pin output level settingh°te

0 TOPNO pin starts output at high level

1 TOPNO pin starts output at low level

TPnOEO TOPNO pin output setting

0 Timer output disabled
¢ When TPnOLO bit = 0: Low level is output from the TOPNO pin
¢ When TPnOLO bit = 1: High level is output from the TOPnO pin

1 Timer output enabled (a pulse is output from the TOPNO pin).

Note The output level of the timer output pin (TOPnm) specified by
the TPNOLm bit is shown below (m = 0, 1).

e When TPnOLm bit =0 ¢ When TPnOLm bit = 1
16-bit counter I ) 16-bit counter I J
TPnCE bit __ ] TPnCE bit __
TOPNnm output pin _i_|_ TOPNnm output pin _i_,_

Cautions 1. Rewrite the TPnOL1, TPnOE1, TPnOLO, and TPnOEO bits
when the TPnCTLO.TPnCE bit = 0. (The same value can
be written when the TPnCE bit = 1.) If rewriting was
mistakenly performed, clear the TPnCE bit to 0 and then
set the bits again.

2. Even if the TPnOLm bit is manipulated when the TPnCE
and TPnOEm bits are 0, the TOPnm pin output level
varies (m =0, 1).
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(4) TMPn I/O control register 1 (TPnlOC1)
The TPnlOC1 register is an 8-bit register that controls the valid edge of the capture trigger input signals
(TIPnO, TIPn1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address:  TPOIOC1 FFFFF593H, TP1I0C1 FFFFF5A3H,
TP2I0C1 FFFFF5B3H, TP3IOC1 FFFFF5C3H,
TP410C1 FFFFF5D3H, TP5I0C1 FFFFF5E3H

7 6 5 4 3 2 1 0
TPrioct | o | o | o | o | TPus3|TPnis2 | TPnist | TPniso |
(n=0to5)
TPnIS3 | TPnIS2 Capture trigger input signal (TIPn1 pin) valid edge setting
0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TPnIS1 | TPnISO Capture trigger input signal (TIPnO pin) valid edge setting

0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions 1. Rewrite the TPnIS3 to TPnISO bits when the
TPnCTLO.TPnCE bit = 0. (The same value can be written
when the TPnCE bit = 1.) If rewriting was mistakenly
performed, clear the TPnCE bit to 0 and then set the bits
again.

2. The TPnIS3 to TPnISO bits are valid only in the
free-running timer mode and the pulse width measurement
mode. In all other modes, a capture operation is not
possible.
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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

(TIPnO pin) and external trigger input signal (TIPnO pin).

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H

TPnIOC2
(n=0to5)

R/W Address:  TPOIOC2 FFFFF594H, TP110C2 FFFFF5A4H,

TP2l0C2 FFFFF5B4H, TP3I0C2 FFFFF5CA4H,
TP4I0C2 FFFFF5D4H, TP5I0C2 FFFFF5E4H

4 3 2 1 0
[ o | o | o | o [rPaEES1|TPnEESO|TPRETS1|TPRETSO|
TPnEES1| TPNEESO| External event count input signal (TIPnO pin) valid edge setting
0 0 No edge detection (external event count invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
TPnETS1| TPNETSO| External trigger input signal (TIPnO pin) valid edge setting
0 0 No edge detection (external trigger invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
Cautions 1. Rewrite the TPnEES1, TPnEESO, TPnETS1, and TPnETS0

bits when the TPnCTLO.TPnCE bit = 0. (The same value
can be written when the TPnCE bit = 1.) If rewriting was
mistakenly performed, clear the TPnCE bit to 0 and then
set the bits again.

. The TPnEES1 and TPnEESO bits are valid only when the

TPnCTL1.TPnEEE bit = 1 or when the external event count
mode (TPnCTL1.TPnMD2 to TPnCTL1.TPnMDO bits = 001)
has been set.

. The TPnETS1 and TPnETSO bits are valid only when the

external trigger pulse output mode (TPnCTL1.TPnMD2 to
TPnCTL1.TPnMDO bits = 010) or the one-shot pulse output
mode (TPnCTL1.TPnMD2 to TPnCTL1.TPnMDO = 011) is
set.
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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 indicate the

detection of an overflow.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Afterreset: 00H ~R/W  Address:  TPOOPTO FFFFF595H, TP1OPTO FFFFF5A5H,
TP20PTO FFFFF5B5H, TP3OPTO FFFFF5C5H,
TP4OPTO FFFFF5D5H, TP5SOPTO FFFFFSESH

7 6 5 4 3 2 1 <0>
TPnOPTO [ o | o |tPncositenccso] o | o | o | TPnOVF|
(n=0to5)
TPnCCS1 TPnCCRT1 register capture/compare selection
0 Compare register selected
1 Capture register selected

The TPnCCSH1 bit setting is valid only in the free-running timer mode.

TPnCCSO TPnCCRO register capture/compare selection
0 Compare register selected
1 Capture register selected

The TPnCCSO bit setting is valid only in the free-running timer mode.

TPnOVF TMPn overflow detection flag
0 TPnOVF bit 0 written or TPNCTLO.TPnCE bit=0
1 Overflow occurred

* The TPnOVF bit is set when the 16-bit counter count value overflows from
FFFFH to 0000H in the free-running timer mode or the pulse width measurement
mode.

* An interrupt request signal (INTTPnOV) is generated at the same time that the
TPnOVF bit is set to 1. The INTTPnOV signal is not generated in modes other
than the free-running timer mode and the pulse width measurement mode.

* The TPnOVF bit is not cleared even when the TPnOVF bit or the TPnOPTO
register are read when the TPnOVF bit = 1.

* The TPnOVF bit can be both read and written, but the TPnOVF bit cannot be set
to 1 by software. Writing 1 has no influence on the operation of TMPn.

Cautions 1. Rewrite the TPNnCCS1 and TPnCCSO0 bits when the TPnCE
bit = 0. (The same value can be written when the TPnCE
bit = 1.) If rewriting was mistakenly performed, clear the
TPnCE bit to 0 and then set the bits again.

2. Be sure to clear bits 1 to 3, 6, and 7 to “0”.
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(7) TMPn capture/compare register 0 (TPnCCRO0)
The TPnCCRO register can be used as a capture register or a compare register depending on the mode.
This register can be selected as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TPNnOPTO.TPnCCSO0 bit. In the pulse width measurement mode, the
TPnCCRO register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.
The TPnCCRO register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TPnCCRO register is prohibited in the following statuses. Moreover, if
the system is in the wait status, the only way to cancel the wait status is to execute a reset.

For details, see 3.4.9 (1) Accessing special on-chip peripheral I/O registers.
e When the CPU operates on the subclock and main clock oscillation is stopped

e When the CPU operates on the internal oscillator clock

After reset: 0000H R/wW Address:  TPOCCRO FFFFF596H, TP1CCRO FFFFF5A6H,
TP2CCRO FFFFF5B6H, TP3CCRO FFFFF5C6H,
TP4CCRO FFFFF5D6H, TP5CCRO FFFFF5E6H

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

waccro | 1 ] 1 1 | 1 1 1 1 | 1 | 1 | | |
(n=0to5)
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(a)

(b)

Function as compare register

The TPnCCRO register can be rewritten even when the TPnCTLO.TPnCE bit = 1.

The set value of the TPnCCRO register is transferred to the CCRO buffer register. When the value of the
16-bit counter matches the value of the CCRO buffer register, a compare match interrupt request signal
(INTTPnCCO) is generated. If TOPNO pin output is enabled at this time, the output of the TOPnO pin is
inverted (For details, see the descriptions of each operating mode.).

When the TPnCCRO register is used as a cycle register in the interval timer mode, external event count
mode, external trigger pulse output mode, one-shot pulse output mode, or PWM output mode, the value
of the 16-bit counter is cleared (0000H) if its count value matches the value of the CCRO buffer register.

Function as capture register

When the TPnCCRO register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TPNCCRO register if the valid edge of the capture trigger input pin
(TIPNO pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TPNCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPnO) is detected.

Even if the capture operation and reading the TPnCCRO register conflict, the correct value of the
TPnCCRO register can be read.

The following table shows the functions of the capture/compare register in each mode, and how to write data
to the compare register.

Table 7-3. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write

External event counter Compare register Anytime write

External trigger pulse output Compare register Batch write

One-shot pulse output Compare register Anytime write

PWM output Compare register Batch write

Free-running timer Capture/compare register Anytime write

Pulse width measurement Capture register -

Remark For details about anytime write and batch write, see 7.4 (2) Anytime write and batch write.
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(8) TMPn capture/compare register 1 (TPnCCR1)
The TPnCCR1 register can be used as a capture register or

a compare register depending on the mode.

This register can be selected as a capture register or a compare register only in the free-running timer mode,

depending on the setting of the TPnOPTO0.TPnCCS1 bit.
TPnCCR1 register can be used only as a capture register.
as a compare register.

In the pulse width measurement mode, the
In any other mode, this register can be used only

The TPnCCR1 register can be read or written during operation.

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

Reset sets this register to 0000H.

Caution

Accessing the TPNCCRL1 register is prohibited in the following statuses. Moreover, if
the system is in the wait status, the only way to cancel the wait status is to execute a reset.
For details, see 3.4.9 (1) Accessing special on-chip peripheral I/O registers.

¢ When the CPU operates on the subclock and main clock oscillation is stopped

* When the CPU operates on the internal oscillator clock

Afterreset: 0000H ~R/W  Address: TPOCCR1 FFFFF598H, TP1CCR1 FFFFF5A8H,
TP2CCR1 FFFFF5B8H, TP3CCR1 FFFFF5C8H,
TP4CCR1 FFFFF5D8H, TP5CCR1 FFFFF5E8H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocers | | [ [ L L[ TP
(n=0t05)
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(a)

(b)

Function as compare register

The TPnCCR1 register can be rewritten even when the TPnCTLO.TPnCE bit = 1.

The set value of the TPnCCR1 register is transferred to the CCR1 buffer register. When the value of the
16-bit counter matches the value of the CCR1 buffer register, a compare match interrupt request signal
(INTTPnCC1) is generated. If TOPn1 pin output is enabled at this time, the output of the TOPn1 pin is
inverted (For details, see the descriptions of each operating mode.).

Function as capture register

When the TPnCCR1 register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TPNCCR1 register if the valid edge of the capture trigger input pin
(TIPn1 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TPNCCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPn1) is detected.

Even if the capture operation and reading the TPnCCR1 register conflict, the correct value of the
TPnCCR1 register can be read.

The following table shows the functions of the capture/compare register in each mode, and how to write data
to the compare register.

Table 7-4. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write

External event counter Compare register Anytime write

External trigger pulse output Compare register Batch write

One-shot pulse output Compare register Anytime write

PWM output Compare register Batch write

Free-running timer Capture/compare register Anytime write

Pulse width measurement Capture register -

Remark For details about anytime write and batch write, see 7.4 (2) Anytime write and batch write.
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(9) TMPn counter read buffer register (TPnCNT)
The TPnCNT register is a read buffer register from which the count value of the 16-bit counter can be read.
If this register is read when the TPnCTLO.TPnCE bit = 1, the count value of the 16-bit timer can be read.
This register is read-only, in 16-bit units.
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 0000H is read.
Because the TPnCE bit is cleared to 0, the value of the TPNnCNT register is cleared to 0000H after reset.

Caution Accessing the TPnCNT register is prohibited in the following statuses. Moreover, if the
system is in the wait status, the only way to cancel the wait status is to execute a reset.
For details, see 3.4.9 (1) Accessing special on-chip peripheral I/O registers.

e When the CPU operates on the subclock and main clock oscillation is stopped

e When the CPU operates on the internal oscillator clock

After reset: 0000H R Address:  TPOCNT FFFFF59AH, TP1CNT FFFFF5AAH,
TP2CNT FFFFF5BAH, TP3CNT FFFFF5CAH,
TP4CNT FFFFF5DAH, TP5CNT FFFFFSEAH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oot | | | 0 [ L [P
(n=0to5)
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7.4 Operations

TMPn can execute the following operations:

Table 7-5. TMPn Operating Modes

Operating Mode TPnCTL1.TPnEST TIPnO Pin Capture/Compare | Compare Register Count Clock
Bit (External Trigger Register Setting Write
(Software Trigger Input)
Bit)
Interval timer mode Invalid Invalid Compare only Anytime write Internal/external
External event count Invalid Invalid Compare only Anytime write External
modeNote1
External trigger pulse Valid Valid Compare only Batch write Internal

Note 2

output mode

One-shot pulse output | Valid Valid Compare only Anytime write Internal
modeNoteZ

PWM output mode Invalid Invalid Compare only Batch write Internal/external
Free-running timer Invalid Invalid Can be switched Anytime write Internal/external
mode

Pulse width Invalid Invalid Capture only Not applicable Internal

Note 2

measurement mode

Notes 1. When using the external event count mode, specify that the valid edge of the TIPnO pin capture trigger
input is not detected (by clearing the TPnIOC1.TPnIS1 and TPnIOC1.TPnISO bits to 0).
2. When using the external trigger pulse output mode, one-shot pulse output mode, and pulse width
measurement mode, select the internal clock as the count clock (by clearing the TPNnCTL1.TPnEEE bit to
0).

Remark n=0to5
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(1) Basic counter operation
The basic operation of the 16-bit counter is described below. For more details, see the descriptions of each

operating mode.

(a)

(b)

()

(d)

Starting counting
TMPn starts counting from FFFFH in all operating modes, and increments as follows: FFFFH, 0000H,
0001H, 0002H, 0003H....

Clearing TMPn

TMPn is cleared to 0000H when its value matches the value of the compare register or when the value of
TMPn is captured upon the input of a valid capture trigger signal.

Note that when TMPn increments from FFFFH to 0000H immediately after it starts counting and following
an overflow, it does not mean that TMPn has been cleared. Consequently, the INTTPnCCO and
INTTPnCC1 interrupts are not generated in this case.

Overflow

TMPn overflows after it increments from FFFFH to 0000H in free-running timer mode and pulse width
measurement mode. An overflow sets the TPnOPTO.TPnOVF bit to 1 and generates an interrupt
request signal (INTTPnOV). Note that INTTPnOV will not be generated in the following cases:

o When TMPn has just started counting.

o When the compare value at which TMPn is cleared is specified as FFFFH.

¢ In pulse width measurement mode, when TMPn increments from FFFFH to 0000H after being cleared
when its value of FFFFH was captured.

Caution After the INTTPnOV overflow interrupt request signal occurs, be sure to confirm that
the overflow flag (TPNOVF) is set to 1.

Reading TMPn while it is incrementing

TMPn can be read while it is incrementing by using the TPnCNT register.

Specifically, the value of TMPn can be read by reading the TPnCNT register while the TPnCLT0.TPnCE
bitis 1. Note, however, that when the TPnCLTO.TPnCE bit is O, the value of TMPn is always FFFFH and
the value of the TPnCNT register is always 0000H.

Remark n=0to5
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(2) Anytime write and batch write
The TPNnCCRO and TPnCCR1 registers can be written even while TMPn is operating (that is, while the
TPnCTLO.TPnCE bit is 1), but the way the CCR0 and CCR1 buffer registers are written differs depending on
the mode. The two writing methods are anytime write and batch write.

(a) Anytime write
This writing method is used to transfer data from the TPNnCCRO and TPnCCR1 registers to the CCRO and

CCR1 buffer registers any time while TMPn is operating.

Figure 7-2. Flowchart Showing Basic Anytime Write Operation

( START )

Initial settings

e Set value to TPnCCRa register
e Enable timer
(TPnCE bit = 1)
— Value of TPnCCRa register
transferred to CCRa buffer
register

Rewrite TPNCCRa register
— New value transferred to CCRa
buffer reqgister

Timer operation

* 16-bit counter value matches value
of CCR1 buffer register'°te

* 16-bit counter value matches value
of CCRO buffer register

e 16-bit counter cleared and starts
incrementing again

i

Note The 16-bit counter is only cleared when its value matches the value of the CCRO buffer

INTTPNnCC1 signal generated

INTTPNnCCO signal generated

register, not the CCR1 buffer register.

Remarks 1. The flowchart applies to the case when TMPn is being used as an interval timer.
2. a=0,1
n=0to5
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Figure 7-3. Anytime Write Timing

FFFFH

16-bit counter
0000H

TPnCCRO register

CCRO buffer register

TPnCCRT1 register

CCR1 buffer register

INTTPnCCO signal

INTTPnCC1 signal

Remarks 1.

TPnCE bit = 1
Dot Dot
/ Doz
D11 D11 D12/ D2 -
Dot X Doz
N [ | [ [ T 1
0000HX Dot X Doz
D11 X D12
| [ [T T 1
0000H Di1 X Diz

Do1, Do2: Set value of TPnCCRO register
D11, D12: Set value of TPnCCR1 register
2. The flowchart applies to the case when TMP is being used as an interval timer.
3. n=0to5
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(b) Batch write

This writing method is used to transfer data from the TPnCCRO and TPnCCR1 registers to the CCRO and
CCR1 buffer registers all at once while TMPn is operating. The data is transferred when the value of the
16-bit counter matches the value of the CCRO buffer register. Transfer is enabled by writing to the
TPnCCR1 register. Whether transfer of the next data is enabled or not depends on whether the
TPnCCR1 register has been written.

To specify the value of the rewritten TPnCCRO and TPnCCR1 registers as the 16-bit counter compare
value (that is, the value to be transferred to the CCR0O and CCR1 buffer registers), the TPnCCRO register
must be rewritten before the value of the 16-bit counter matches the value of the CCRO buffer register,
and then the TPnCCR1 register must be written. The value of the TPnCCRO and TPnCCR1 registers is
then transferred to the CCR0O and CCR1 buffer registers when the value of the 16-bit counter matches the
value of the CCRO buffer register. Note that even if you wish to rewrite only the TPnCCRO register value,
you must also write the same value to the TPnCCR1 register (that is, the same value as the value already
specified for the TPNCCR1 register).

Remark n=0to5
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Figure 7-4. Flowchart Showing Basic Batch Write Operation

START

Initial settings

o Set value to TPnCCRa register
o Enable timer (TPnCE bit = 1)
— Value of TPnCCRa register
transferred to CCRa buffer register

Rewrite TPNCCRO register

Rewrite TPNCCR1 register

Batch write enabled

Timer operation

* 16-bit counter value matches value of
CCR1 buffer registerNot

* 16-bit counter value matches value of
CCRO buffer register

* 16-bit counter cleared and starts
incrementing again

* TPnCCRa register value transferred to
CCRa buffer register

INTTPnCC1 signal generated

INTTPnCCO signal generated

Note The 16-bit counter is only cleared when its value matches the value of the CCRO buffer register, not
the CCR1 buffer register.

Caution The process of writing to the TPnCCR1 register includes enabling batch write. Itis
therefore necessary to rewrite the TPNCCR1 register after rewriting the TPnCCRO
register.

Remarks 1. The flowchart applies to the case when TMPn is being used in the PWM output mode.
2. a=0,1
n=0to5
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Figure 7-5. Batch Write Timing

FFFFH

16-bit counter

0000H

TPnCCRO register

CCRO buffer register

TPnCCRH1 register

CCR1 buffer register

INTTPNnCCO signal

INTTPNnCC1 signal

TOPNO pin output

TOPN1 pin output

TPnCE bit = 1
Dnl//// Doz Doz s
D‘Z/ D12 / D12/ D1z
Dot Doz X Dos
] | | ) L] | ) | | |
0000H X' Dot Note 12%—— Note 1.2
\ \ \ \ | U Write the same value
D11 XNOte 2 D2 X Note 3 D12
] | 1] L] | |
0000H D11 J Diz J D1z
Note 1 ——Note 1 —

Notes 1. Dos is not transferred because the TPnCCR1 register was not written.
2. D1z is transferred to the CCR1 buffer register upon a match with the TPNnCCRO register value (Do1)
because the TPnCCRL1 register was written (D12).

3. D1z is transferred to the CCR1 buffer register upon a match with the TPnCCRO register value (Do2)

because the TPnCCRL1 register was written (D12).

Remarks 1.

Do1, Doz, Dos: Set value of TPNCCRO register

D11, D12: Set value of TPNnCCR1 register
2. The flowchart applies to the case when TMPn is being used as in the PWM output mode.

3.n=0to5
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7.4.1 Interval timer mode (TPnMD2 to TPnMDO bits = 000)

In the interval timer mode, setting the TPnCTLO.TPnCE bit to 1 generates an interrupt request signal
(INTTPNnCCO) at a specified interval. Setting the TPnCE bit to 1 can also start the timer, which then outputs a
square wave whose half cycle is equal to the interval from the TOPNO pin.

Usually, the TPNCCR1 register is not used in the interval timer mode. Mask interrupts from this register by setting
the interrupt mask flag (TPnCCMK1).

Remarks 1. For how to set the TOPnO pin, see Table 7-2 Pins Used by TMPn and Table 4-15 Settings
When Pins Are Used for Alternate Functions.
2. For how to enable the INTTPnCCO interrupt signal, sese CHAPTER 21 INTERRUPT SERVICING/
EXCEPTION PROCESSING FUNCTION.

3.n=0to5
Figure 7-6. Configuration of Interval Timer
Clear
Cs;g;;g’:k >— 16-bit counter 1 cgnlitrgll::er —=O TOPNO pin
L Match signa INTTPRCCO signal
TPnCE bit CCRO buffer register

i

TPnCCRO register

Remark n=0to5

Figure 7-7. Basic Timing of Operation in Interval Timer Mode

FFFFH

Do — Do Do — Do —

16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register) Do

TOPNO pin output

INTTPNCCO signal _| _| _| _|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)

Remark n=0to5
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When the TPnCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts incrementing. At this time, the output of the TOPnO pin is inverted and
the set value of the TPNnCCRO register is transferred to the CCRO buffer register.

When the value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is cleared
to 0000H, the output of the TOPNO pin is inverted, and a compare match interrupt request signal (INTTPnCCO) is
generated.

The interval can be calculated by using the following expression:

Interval = (Set value of TPNnCCRO register + 1) x Count clock cycle

An example of the register settings when the interval timer mode is used is shown in the figure below.

Remark n=0to5

Figure 7-8. Register Settings in Interval Timer Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPNCKSO
TPnCTLO|0/1‘ 0‘0‘0‘0‘0/1‘0/1‘0/1|

These bits select
the count clock.

0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPRMD2 TPnMD1 TPnMDO
TPnCTL1| 0 \ 0 \ 0/1Note

o o f o] of o]
| |

0,0,0:
Interval timer mode

0: Increment TMPn based on
the count clock selected by
the TPnCKSO0 to TPnCKS2 bits.

1: Increment TMPn based on the
input of an external event
count signal.

Note The TPnEEE bit can only be set to 1 when the timer output (TOPn1) is used. Note that when
setting the TPnEEE bit to 1, the TPNCCRO and TPnCCRL1 registers must be set to the same value
(that is, the same value as the value already specified for these registers). (For details, see

7.4.1 (2) (d) Operation of TPNCCR1 register.)
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Figure 7-8. Register Settings in Interval Timer Mode (2/2)

(c) TMPn I/O control register 0 (TPnlIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 \ 0\0\0\0/1\0/1\0/1\0/1|

0: Disable TOPNO pin output.
1: Enable TOPNO pin output.

Output level when TOPNO pin
is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output.
1: Enable TOPn1 pin output.

Output level when TOPn1
pin is disabled:

0: Low level

1: High level

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO
TPnIOCZl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/qNete 0/qNete 0 ‘ 0 |

L]

These bits select the valid
edge of the external event
count input (TIPnO pin).

Note The TPnEES1 and TPnEESO bits can only be set to 1 when the timer output (TOPn1) is used.
Note that when setting these bits to 1, the TPNnCCRO and TPnCCR1 registers must be set to the

same value (that is, the same value as the value already specified for these registers).

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare register 0 (TPnCCRO)
If the TPNCCRO register is set to Do, the interval is as follows:

Interval = (Do + 1) x Count clock cycle

(9) TMPn capture/compare register 1 (TPnCCR1)
Usually, the TPnCCR1 register is not used in the interval timer mode. However, because the set value
of the TPnCCR1 register is transferred to the CCR1 buffer register and a compare match interrupt
request signal (INTTPnCC1) is generated when the value of the 16-bit counter matches the value of the
CCR1 buffer register, interrupts from this register must be masked by setting the interrupt mask flag
(TPNCCMK1).

Remarks 1. TMPn I/O control register 1 (TPnlOC1) and TMPn option register 0 (TPnOPTO0) are not
used in the interval timer mode.
2. n=0to5
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(1) Operations in interval timer mode

Figure 7-9. Timing and Processing of Operations in Interval Timer Mode

FFFFH

. Do — Do — Do R
16-bit counter
0000H
TPnCE bit
TPnCCRO register
(CCRO buffer register) Do

TOPNO pin output

INTTPNnCCO signal

<1>

<1> Starting counting

(o)

Set up the registers
TPnCTLO register
(TPNCKSO0 to TPNnCKS?2 bits)
TPnCTLA1 register
TPnlOCO register
TPnCCRO register

TPnCE bit =1

<2> Stopping counting

TPnCE bit=0

Remark n=0t0o5

(s )

Be sure to set up these registers before
setting the TPnCE bit to 1.

Counting starts.
The TPNCKSO0 to TPnCKS2 bits can
be set here.

When counting is disabled (TPnCE bit = 0),
the counter is reset and counting stops.

<2>
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(2) Using interval timer mode

(a) Operation when TPnCCRO register is set to 0000H
When the TPnCCRO register is set to 0000H, the INTTPnCCO signal is generated each count clock cycle
from the second clock cycle, and the output of the TOPNO pin is inverted.
The value of the 16-bit counter is always 0000H.

Figure 7-10. Operation of Interval Timer When TPnCCRO Register Is Set to 0000H

Count clock

16-bit counter FFFFH X 0000H X 0000H 0000H 0000H

TPnCE bit

TPnCCRO register 0000H
TOPNO pin output
INTTPNnCCO signal

Interval time Interval time
Count clock cycle | Count clock cycle
Remark n=0to5
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(b) Operation when TPnCCRO register is set to FFFFH
When the TPnCCRO register is set to FFFFH, the 16-bit counter increments up to FFFFH and is reset to
0000H in synchronization with the next increment timing. The INTTPnCCO signal is then generated and
the output of the TOPNO pin is inverted. At this time, an overflow interrupt request signal (INTTPnOV) is
not generated, nor is the overflow flag (TPnOPTO0.TPnOVF bit) set to 1.

Figure 7-11.

Operation of Interval Timer When TPnCCRO Register Is Set to FFFFH

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register)

TOPNO pin output

INTTPnCCO signal

Remark n=0to5

FFFFH
Interval time Interval time Interval time
10000H x 10000H x 10000H x

count clock cycle

count clock cycle

count clock cycle
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(c) Notes on rewriting TPNCCRO register
When rewriting the value of the TPnCCRO register to a smaller value, stop counting first and then change
the set value.
If the value of the TPNnCCRO register is rewritten to a smaller value during counting, the 16-bit counter
may overflow.

Figure 7-12. Rewriting TPNCCRO Register

FFFFH
D1 — D1 —

16-bit counter
D2 Do— D2——

0000H

TPnCE bit

TPnCCRO register

(CCRO buffer register) D D2

TPnOLObit L

TOPNO pin output

‘

INTTPnCCO signal _| _|

Interval time (1) Interval time (NG) Interval
time (2)

Remarks 1. Interval time (1): (D1 + 1) x Count clock cycle
Interval time (NG): (10000H + D2 + 1) x Count clock cycle
Interval time (2): (D2 + 1) x Count clock cycle
2. n=0to5

If the value of the TPnCCRO register is changed from D1 to D2 while the counter value is greater than D2
but less than D1, the TPnCCRO register value is transferred to the CCRO buffer register as soon as the
register has been rewritten. Consequently, the value that is compared with the 16-bit counter value is
Do.

Because the counter value has already exceeded D2, however, the 16-bit counter counts up to FFFFH,
overflows, and then counts up again from 0000H. When the counter value matches D2z, the INTTPnCCO
signal is generated and the output of the TOPNO pin is inverted.

Therefore, the INTTPnCCO signal may not be generated at the interval “(D1 + 1) x Count clock cycle” or
“(D2 + 1) x Count clock cycle” as originally expected, but instead may be generated at an interval of
“(10000H + D2 + 1) x Count clock cycle”.
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(d) Operation of TPNnCCR1 register

The TPnCCR1 register is configured as follows in the interval timer mode.

Figure 7-13. Configuration of TPnCCR1 Register

TPnCCRT1 register

iy

CCR1 buffer register

{} Match signal

Output

]
controller

—O TOPn1 pin

Clear

INTTPnCC1 signal

Output
controller

—=© TOPNO pin

Count clock .
selection 16-bit counter
& Match signal
TPnCE bit CCRO buffer register

Remark n=0to5

i

TPnCCRO register

INTTPnCCO signal
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If the value of the TPNCCR1 register is less than or equal to the value of the TPnCCRO register, the
INTTPNnCC1 signal is generated once per cycle. At the same time, the output of the TOPn1 pin is

inverted.

The TOPn1 pin outputs a square wave with the same cycle as that output by the TOPnO pin but with a

different phase.

A chart showing the timing of operations when the value of the TPnCCR1 register (D11) is less than or
equal to the value of the TPnCCRO register (Do1) is shown below.

Figure 7-14. Timing of Operations When Do1 > D11

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register)

TOPNO pin output

INTTPnCCO signal

TPnCCRH1 register

TOPN1 pin output

INTTPnCC1 signal

Dot — Dot —
Z D11 / D11

Dot —

Z Di1

Remark n=0to5
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If the value of the TPNCCR1 register is greater than the value of the TPnCCRO register, the value of the
16-bit counter will not match the value of the TPNnCCR1 register. Consequently, the INTTPnCC1 signal
is not generated, nor is the output of the TOPn1 pin changed.

A chart showing the timing of operations when the value of the TPNnCCR1 register (D11) is greater than the
value of the TPnCCRO register (Do1) is shown below.

Figure 7-15. Timing of Operations When Do1 < D11

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register)

TOPNO pin output

INTTPnCCO signal —| —| —| —|

TPnCCRH1 register D

TOPN1 pin output

INTTPnCC1 signal L

Remark n=0to5
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(3) Operation of interval timer based on input of external event count

(a) Operation

When the 16-bit counter is incrementing based on the valid edge of the external count input (TIPnO pin) in
the interval timer mode, one external event count valid edge must be input immediately after the TPnCE
bit changes from 0 to 1 to start the counter incrementing after the 16-bit counter is cleared from FFFFH to

0000H.

Once the TPNCCRO and TPnCCRH1 registers are set to 0001H (that is, the same value as was previously

set), the TOPNn1 pin output is inverted every two counts of the 16-bit counter.

Note that the TPnCTL1.TPnEEE bit can only be set to 1 when timer output (TOPn1) is used based on the

input of an external event count.

Figure 7-16. Operation of Interval Timer Based on Input of External Event Count (TIPn0)

FFFFH

16-bit counter

0000H
TPnCE bit

(TIPNO pin input)

0001H

0001H

////

0001H

L

External event
count input J

TPnCCRO register

0001H

0001H

0001H

TPnCCRH1 register

0001H

0001H

0001H

TOPN1 pin output

2-count width

2-count width

2-count width

Remark n=0t05

3 external event counts

2 external event counts

2 external event counts
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7.4.2 External event count mode (TPnMD2 to TPnMDO bits = 001)

In the external event count mode, the valid edge of the external event count input is counted when the
TPnCTLO.TPnCE bit is set to 1, and an interrupt request signal (INTTPnCCO) is generated each time the specified
number of edges have been counted. The timer output pins (TOPn0O and TOPn1) cannot be used. To use the
TOPN1 pin in the external event count mode, first set the TPnCTL1.TPnEEE bit to 1 in the interval timer mode (see
7.4.1 (3) Operation of interval timer based on input of external event count).

Usually, the TPnCCR1 register is not used in the external event count mode.

Remarks 1. For how to set the TIPnO pin, see Table 7-2 Pins Used by TMPn and Table 4-15 Settings When
Pins Are Used for Alternate Functions.

2. For how to enable the INTTPnCCO interrupt signal, see CHAPTER 21 INTERRUPT SERVICING/
EXCEPTION PROCESSING FUNCTION.

Figure 7-17. Configuration of Interval Timer in External Event Count Mode

Clear
TIPnO pin Edge
(external event  ©—=| detector >—* 16-bit counter
count input)
Match signal
% atch signa INTTPnCCO signal
TPnCE bit CCRO buffer register

il

TPnCCRO register

Remark n=0to5

When the TPnCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter
increments each time the valid edge of the external event count input is detected, and the value of the TPnCCRO
register is transferred to the CCRO buffer register.

When the value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is cleared
to 0000H, and a compare match interrupt request signal (INTTPnCCO) is generated.

The INTTPnCCO signal is generated each time the valid edge of the external event count input has been detected
the specified number of times (that is, the value of the TPnCCRO register + 1).
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Figure 7-18. Basic Timing of Operations in External Event Count Mode

FEEFH ,/‘\//\

Do Do + \ Do
16-bit counter ! !
0000H :' 3 16-bit counter Do 1 X Do X 0000 X 0001
; ' External event
TPnCE bit i ' count input | | | | | |
— i ! (TIPNnO pin input)
TPnCCRO register '. : TPnCCRO register Do

(CCRO buffer register) Do : (CCRO buffer register)

INTTPnCCO signal _l _l | INTTPnCCO signal |

External | External 1 External

event event event
count count count
interval interval interval

(Do + 1) (Do + 1) (Do + 1)

Remarks 1. This figure shows the basic timing when the rising edge is specified as the valid edge of
the external event count input.
2.n=0to5
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An example of the register settings when the external event count mode is used is shown in the figure below.

Figure 7-19. Register Settings in External Event Count Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPRCKS0
TPnCTLO|0/1‘O‘O‘O‘O‘O‘O‘0|

‘ 0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
TPnCTL1|0‘O‘0‘O‘O‘O‘O‘1|

0,0,1:
External event count mode

(c) TMPn I/O control register 0 (TPnlOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO

TPnIOCOlO‘O‘O‘O‘O‘O‘O‘Ol
L 0: Disable TOPNO pin output

0: Disable TOPn1 pin output

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPRETS1 TPnETSO
TPnIOCZlO‘O‘O‘0‘0/1‘0/1‘0‘O|

These bits select the
valid edge of the external
event count input.

Remark n=0to5
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Figure 7-19. Register Settings in External Event Count Mode (2/2)

(e) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare register 0 (TPnCCRO0)
When the TPnCCRO register is set to Do, the counter is cleared and a compare match interrupt
request signal (INTTPnCCO) is generated when the number of external events reaches (Do + 1).

(g) TMPn capture/compare register 1 (TPnCCR1)
The TPnCCRT1 register is not usually used in the external event count mode. However, because the
set value of the TPnCCR1 register is transferred to the CCR1 buffer register and a compare match
interrupt request signal (INTTPnCC1) is generated when the value of the 16-bit counter matches the
value of the CCR1 buffer register, interrupts from this register must be masked by setting the interrupt
mask flag (TPNCCMK1).

Cautions 1. Do not set the TPNnCCRO register to 0000H in the external event count mode.

2. Timer output cannot be used in the external event count mode. When using the
timer output based on the input of an external event count, first set the operating
mode to interval mode, and then specify “operation enabled” for the external
event count input (by setting the TPnCTL1.TPnMD2 to TPnMDO bits to 0, 0, 0 and
setting the TPnCTL1.TPnEEE bit to 1). For details, see 7.4.1 (3) Operation of
interval timer based on input of external event count.

Remarks 1. TMPn I/O control register 1 (TPnlOC1) and TMPn option register 0 (TPnOPTO) are not
used in the external event count mode.
2. n=0to5
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(1) Operations in external event count mode

Figure 7-20. Timing and Processing of Operations in External Event Count Mode
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16-bit counter
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(CCRO buffer register)
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Do

<1> Starting counting

C smr )

Set up the registers Be sure to set up these registers

TPnCTLO register before setting the TPNCE bit to 1.
(TPNCKSO0 to TPNnCKS?2 bits)

TPnCTL1 register
TPnIOCO register
TPnlOC2 register
TPnCCRO register

Counting starts.
The TPNCKSO0 to TPNCKS2 bits can
be set here.

TPnCE bit =1

<2> Stopping counting

When counting is disabled (TPnCE bit = 0),
TPnCE bit=0 the counter is reset and counting stops.

=

Remark n=0to5
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(2) Using external event count mode

(a) Operation when TPnCCRO register is set to FFFFH
When the TPnCCRO register is set to FFFFH, the 16-bit counter increments up to FFFFH upon detection
of the valid edge of the external event count signal and is reset to 0000H in synchronization with the next
increment timing. The INTTPnCCO signal is then generated. At this time, the TPnOPTO.TPnOVF bit is
not set to 1.

Figure 7-21. Operation When TPnCCRO Register Is Set to FFFFH

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register) FFFFH

INTTPnCCO signal —| —| —|

External event | External event | External event
count signal count signal count signal
interval interval interval

Remark n=0to5
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(b) Notes on rewriting TPNCCRO register
When rewriting the value of the TPnCCRO register to a smaller value, stop counting first and then change
the set value.
If the value of the TPNnCCRO register is rewritten to a smaller value during counting, the 16-bit counter
may overflow.

Figure 7-22. Rewriting TPNCCRO Register

FFFFH
D1 —— D1—

16-bit counter
D2 D2—— D2——

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register)

INTTPnCCO signal _| _| _|

External event External event count signal |External event

D D2

count signal interval (NG) count signal
interval (1) (10000H + D2 + 1) interval (2)
(D1 + 1) (D2 + 1)

Remark n=0to5

If the value of the TPnCCRO register is changed from D1 to D2 while the counter value is greater than D2
but less than D1, the TPnCCRO register value is transferred to the CCRO buffer register as soon as the
register has been rewritten. Consequently, the value that is compared with the 16-bit counter value is
Do.

Because the counter value has already exceeded D2, however, the 16-bit counter increments up to
FFFFH, overflows, and then increments up again from 0000H. When the counter value matches Dz, the
INTTPnCCO signal is generated.

Therefore, the INTTPNCCO signal may not be generated at the valid edge of the external event count
signal when the external event count is “(D1 + 1)” or “(D2 + 1)” as originally expected, but instead may be
generated at the valid edge of the external event count signal when the external event count is “(10000H
+ D2 + 1)".
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(c) Operation of TPNCCR1 register
The TPnCCRH1 register is configured as follows in the external event count mode.

Figure 7-23. Configuration of TPNnCCR1 Register

TPnCCR1 register

iy

CCR1 buffer register

L Mt signa INTTPRCC1 signal
Clear

TIPnO pin ©—— dftzgfor 16-bit counter

Match signal
& alch signa INTTPnCCO signal

TPnCE bit CCRO buffer register

il

TPnCCRO register

Remark n=0to5

If the value of the TPnCCR1 register is less than or equal to the value of the TPNnCCRO register, the
INTTPNnCC1 signal is generated once per cycle.

A chart showing the timing of operations when the value of the TPnCCR1 register (D11) is less than or
equal to the value of the TPnCCRO register (Do1) is shown below.

Figure 7-24. Timing of Operations When Do1 > D11

FFFFH
Dot —— Dot —— Dot —— Dot —
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Remark n=0to5
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If the value of the TPNCCR1 register is greater than the value of the TPnCCRO register, the value of the
16-bit counter will not match the value of the TPnCCR1 register and the INTTPnCC1 signal will not be
generated.

A chart showing the timing of operations when the value of the TPNnCCR1 register (D11) is greater than the
value of the TPnCCRO register (Do1) is shown below.

Figure 7-25. Timing of Operations When Do1 < D11
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7.4.3 External trigger pulse output mode (TPnMD2 to TPnMDO bits = 010)

In the external trigger pulse output mode, when the TPnCTLO.TPnCE bit is set to 1, TMPn waits for a trigger,
which is the valid edge of the external trigger input signal, and starts incrementing when this trigger is detected.
TMPn then outputs a PWM waveform from the TOPn1 pin.

Pulses can also be output by generating a software trigger instead of using the external trigger. When using a
software trigger instead of the external trigger, a square wave that has one cycle of the PWM waveform as half its
cycle can also be output from the TOPNO pin.

Remarks 1. For how to set the TIPnO, TOPnO, and TOPn1 pins, see Table 7-2 Pins Used by TMPn and Table
4-15 Settings When Pins Are Used for Alternate Functions.
2. For how to enable the INTTPnCCO and INTTPnCC1 interrupt signals, see CHAPTER 21
INTERRUPT SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 7-26. Configuration of TMP in External Trigger Pulse Output Mode

TPnCCRH1 register
) Edge T Transfer
TIPNO pin © detector {} Output
S
CCRH1 buffer register ’D—» R controller O TOPn1 pin
(RS-FF)
Software trigger
; 99 {} Match signal .
generation INTTPnCC1 signal
Count Count Output
clock start | 16-bit counter :[>> controller |—=~@©) TOPNO pin
selection control | (Toggle)
<& Mateh signal INTTPNCCO signal
TPnCE bit CCRO buffer register
{ } Transfer
TPnCCRO register
Remark n=0to5
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Figure 7-27. Basic Timing of Operations in External Trigger Pulse Output Mode

FFFFH
Do Do

o 1 o T o_A4 o

Do ——

16-bit counter

0000H

TPnCE bit

External trigger input _| _| _|
(TIPNO pin input)

TPnCCRO register D

(CCRO buffer register) 0

INTTPNnCCO signal —| _| _|

TOPNO pin outputNete
TPnCCRH1 register D
(CCRA1 buffer register) !

INTTPNnCC1 signal —| —| —| —|

TOPN1 pin output —

Wait |Active level Active level Active level
for |width (D1) width (D+) width (D1)
trigger
Cycle (Do+ 1) = Cycle (Do + 1) Cycle (Do + 1)

Note The output from the TOPNO pin can also be used as the input to the TIPnO pin. When using the
output from the TOPNO pin as the input to the TIPnO pin, use a software trigger instead of an

external trigger.

When the TPnCE bit is set to 1, TMPn waits for a trigger. When the trigger is generated, the 16-bit counter is
cleared from FFFFH to 0000H, starts incrementing, and outputs a PWM waveform from the TOPn1 pin. If the trigger
is generated again while the counter is incrementing, the counter is cleared to 0000H and restarts incrementing, and
the output of the TOPnO pin is inverted. (The TOPn1 pin outputs a high level signal regardless of the status
(high/low) when a trigger occurs.)

The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TPNnCCR1 register) x Count clock cycle
Cycle = (Set value of TPNCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPNnCCR1 register)/(Set value of TPnCCRO register + 1)

The INTTPnCCO compare match interrupt request signal is generated when the 16-bit counter increments next
time after its value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
INTTPnCC1 compare match interrupt request signal is generated when the value of the 16-bit counter matches the
value of the CCR1 buffer register.

Either the valid edge of the external trigger input signal or setting the software trigger (TPnCTL1.TPnEST bit) to 1
is used as the trigger.

Remark n=0to5
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Figure 7-28. Register Settings in External Trigger Pulse Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)
TPnCE TPNCKS2 TPnCKS1 TPnCKS0
TPnCTLO | o ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ o ‘ on |

These bits select
the count clock.

0: Stop counting
1: Enable counting.

(b) TMPn control register 1 (TPnCTL1)
TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
TPnCTL1 | 0 ‘ 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 |

0,1,0:
External trigger pulse
output mode

Writing 1 generates
a software trigger.

(c) TMPn I/O control register 0 (TPnlOCO)
TPnOL1 TPnOE1 TPnOLO TPnOEO

TPnIOCOl 0 \ 0 \ 0 \ 0 \ o \ o \0/1"0te 0/{Note

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Output level when TOPNnO
pin is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output.
1: Enable TOPn1 pin output.

Active level of TOPn1 pin
output:

0: High level

1: Low level

o When TPnOL1 bit is 0: e When TPnOL1 bit is 1:

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOPnt1pinoutput _ [~ | [ L I L I TOPnt1pinoutput — [ | [ L I L

Note Set this bit to 0 when not using the TOPNO pin in external trigger pulse output mode.

Remark n=0to5

ROTUHO165EJ0900 Rev.9.00 Page 280 of 1113
Mar 25, 2014 RENESAS



V850ES/JG3-L CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 7-28. Register Settings in External Trigger Pulse Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO
TPnIOC2|0‘O‘O‘O‘O‘O‘OH‘OM'

T

These bits select the
valid edge of the
external trigger input.

(e) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCRO0O and TPnCCR1)
If the TPNCCRO register is set to Do and the TPNCCR1 register is set to D1, the PWM waveform is as
follows:

PWM waveform cycle = (Do + 1) x Count clock cycle
PWM waveform active level width = D1 x Count clock cycle

Remarks 1. TMPn /O control register 1 (TPnIOC1) and TMPn option register 0 (TPNOPTO) are not
used in the external trigger pulse output mode.
2. n=0to5
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(1) Operations in external trigger pulse output mode

Figure 7-29. Timing and Processing of Operations in External Trigger Pulse Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo
D1o D1o D1o D1o

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register Doo Do1 Doo

| <

CCRO buffer register X Doo X Do1 X Doo

INTTPnCCO signal —| —| —| —| —| —|

TOPNO pin output —
(only when software
trigger is used) —

TPnCCR1 register X D1o D1o D11 X D1o
CCR1 buffer register X D1o X D1o X D11 X D1o
INTTPNCC1 signal —| |_| —| —| —| —|
TOPN1 pin output J |_| |
<1> <2> <3> <4> <5>

Remark n=0to5
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Figure 7-29. Timing and Processing of Operations in External Trigger Pulse Output Mode (2/2)

<1> Starting counting

Cor

Set up the registers
TPnCTLO register
(TPnCKSO0 to TPNnCKS2 bits)
TPnCTL1 register
TPnIOCO register
TPnlIOC2 register
TPnCCRO register
TPnCCRT1 register

TPnCE bit =1

<2> Changing the cycle

The TPnCCR1 register must
be written even when only
changing the cycle setting.

Set the TPNCCRO register

Set the TPNCCR1 register

Remark a=0,1
n=0to5

<3> Changing the duty

Only the TPnCCR1 register
has to be written when only
changing the duty setting.

Set the TPNCCR1 register

Be sure to set up these
registers before setting
the TPnCE bit to 1.

After setting this register,
the values of the TPnCCRa
registers are transferred to
the CCRa buffer registers
when the counter is cleared.

<4> Changing both the cycle and the duty
When changing both the cycle and the
duty, do so in the order of cycle setting

Counting starts.
The TPnCKSO to
TPnCKS2 bits can

then duty setting.

be set here.

Waiting for trigger

Set the TPnCCRO register

Set the TPNnCCR1 register

<5> Stopping counting

After setting these
registers, their values are
transferred to the CCRa
buffer registers when the
counter is cleared.

TPnCE bit=0

C=

After setting these registers,
their values are transferred

to the CCRa buffer registers
when the counter is cleared.

Disables counting.
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(2) Using external trigger pulse output mode
How to change the PWM waveform in the external trigger pulse output mode is described below.

(a) Changing the PWM waveform while the counter is incrementing
To change the PWM waveform while the counter is incrementing, write to the TPnCCR1 register after
changing the waveform setting. When rewriting the TPnCCRa register after writing to the TPnCCR1
register, do so after the INTTPnCCO signal has been detected.

Figure 7-30. Changing PWM Waveform While Counter Is Incrementing

FFFFH

— D D11

16-bit counter Doo 4~ Doo 4~ Doo
D1o /] D1o /] D1o /]

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register x Doo X Dot

CCRO buffer register Doo

INTTPnCCO signal —|

TOPNO pin outputNete

TPnCCRT1 register x D1o

CCRH1 buffer register D1o

X D11

INTTPnCC1 signal —|

TOPN1 pin output

B |

Rewrite the TPNCCR1 register
after rewriting the TPnCCRQO register.

Note The output from the TOPNO pin can also be used as the input to the TIPnO pin. When using the
output from the TOPNO pin as the input to the TIPnO pin, use a software trigger instead of an

external trigger.

Remark a=0,1
n=0to5

ROTUHO165EJ0900 Rev.9.00 Page 284 of 1113
Mar 25, 2014 RENESAS



V850ES/JG3-L CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

In order to transfer data from the TPnCCRa register to the CCRa buffer register, the TPnCCR1 register
must be written.

After data is written to the TPnCCR1 register, the value written to the TPnCCRa register is transferred to
the CCRa buffer register in synchronization with clearing of the 16-bit counter, and is used as the value to
be compared with the 16-bit counter value.

<1> To change both the cycle and active level width of the PWM waveform, first set the cycle to the
TPnCCRO register and then set the active level width to the TPnCCR1 register.

<2> To change only the cycle of the PWM waveform, first set the cycle to the TPnCCRO register, and
then write the same value to the TPnCCR1 register (that is, the same value as the value already
specified for the TPNCCR1 register).

<3> To change only the active level width (duty factor) of the PWM waveform, only the TPnCCR1
register has to be set.

Caution To rewrite the TPNCCRO or TPnCCR1 register after writing the TPnCCR1 register, do
so after the INTTPNnCCO signal has been generated; otherwise, the value of the CCRa
buffer register may become undefined because the timing of transferring data from
the TPnCCRa register to the CCRa buffer register conflicts with writing the TPnCCRa
register.

Remark a=0,1
n=0-5
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(b) Outputting a 0% or 100% PWM waveform

To output a 0% waveform, clear the TPnCCR1 register to 0000H.

If the set value of the TPnCCRO

register is FFFFH, the INTTPnCC1 signal is generated periodically.

Figure 7-31.

Outputting 0% PWM Waveform

Count clock

ijugs

J e o

0000

X

TPnCE bit

L

Trigger input

OOOOX 0001 x ::XDo—1X Do
Y

TPnCCRO register

Do

TPnCCRH1 register

0000H 0000H

INTTPnCCO signal

INTTPnCC1 signal

TOPN1 pin output

Remark n=0t0o5

To output a 100% waveform, set the value of TPnCCRO register + 1 to the TPnCCR1 register.

value of the TPnCCRO register is FFFFH, a 100%

If the
waveform cannot be output.

Figure 7-32. Outputting 100% PWM Waveform

Count clock

J e o

16-bit counter  FFFF X 0000

0000

X

OOOOX 0001 x ::XDo—1X Do
Y

TPnCE bit

Trigger input

TPnCCRO register

Do Do

TPnCCRH1 register

Do + 1 Do + 1

INTTPnCCO signal

INTTPnCC1 signal

TOPN1 pin output

Remark n=0to5
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(c) Detection of trigger immediately before or after INTTPnCC1 generation
If the trigger is detected immediately after the INTTPnNCC1 signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOPn1 pin is set to the active level, and the
counter continues incrementing. Consequently, the inactive period of the PWM waveform is shortened.

Figure 7-33. Detection of Trigger Inmediately After INTTPnCC1 Signal Was Generated

16-bit counter ~ FFFF X 0000 x D1 -1 0000 x
External trigger input
(TIPNO pin input) )

TPnCCR1 register D1

INTTPnCC1 signal ) |

TOPN1 pin output

Shortened

Remark n=0t05

If the trigger is detected immediately before the INTTPnCC1 signal is generated, the INTTPnCC1 signal
is not generated, and the 16-bit counter is cleared to 0000H and continues incrementing. The output
signal of the TOPn1 pin remains active. Consequently, the active period of the PWM waveform is
extended.

Figure 7-34. Detection of Trigger Inmediately Before INTTPnCC1 Signal Is Generated

16-bit counter ~ FFFF |X 0000 x D1 - 2X X 0000 X 0001 X x D1-1

External trigger input
(TIPNO pin input)

TPnCCRH1 register D1

INTTPNCC1 signal _l

TOPN1 pin output

Extended
Remark n=0to5
RO1UHO0165EJ0900 Rev.9.00 Page 287 of 1113
Mar 25, 2014 ENESAS



V850ES/JG3-L CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(d) Detection of trigger immediately before or after INTTPnCCO generation
If the trigger is detected immediately after the INTTPnCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues incrementing. Therefore, the active period of the TOPn1 pin is
extended by the amount of time between the generation of the INTTPnCCO signal and the detection of
the trigger.

Figure 7-35. Detection of Trigger Inmediately After INTTPnCCO Signal Was Generated

16-bit counter  FFFF .OOOO x Do — 1X Do |[X 0000 |[X 0000 X:

External trigger input
(TIPNO pin input)

TPnCCRQO register B Do
)Y
INTTPnCCO signal " _l
TOPN1 pin output
Extended

Remark n=0to5

If the trigger is detected immediately before the INTTPnCCO signal is generated, the INTTPnCCO signal
is not generated. The 16-bit counter is cleared to 0000H, the TOPn1 pin is set to the active level, and the
counter continues incrementing. Consequently, the inactive period of the PWM waveform is shortened.

Figure 7-36. Detection of Trigger Immediately Before INTTPnCCO Signal Is Generated

|
16-bit counter ~ FFFF .OOOO x Do — 1X Do [X 0000 X 0001 X:

External trigger input
(TIPnO pin input)

TPnCCRO register B Do
)Y
INTTPnCCO signal N
)’
—
TOPN1 pin output
Shc:r?e»ned

Remark n=0to5
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(e) Timing of generating the compare match interrupt request signal (INTTPnCC1)
In the external trigger pulse output mode, the INTTPnCC1 signal is generated when the value of the
16-bit counter matches the value of the TPnCCR1 register.

Figure 7-37. Timing of Generating Compare Match Interrupt Signal (INTTPnCC1)

Count clock
16-bit counter D1-2 X Di-1 D1 X Di+1 X D1+2
TPnCCRH1 register D1

TOPN1 pin output

INTTPnCC1 signal

Remark n=0to5
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7.4.4 One-shot pulse output mode (TPnMD2 to TPnMDO bits = 011)
In the one-shot pulse output mode, when the TPnCTLO.TPnCE bit is set to 1, TMPn waits for a trigger, which is the
valid edge of the external trigger input, and starts incrementing when this trigger is detected. TMPn then outputs a

one-shot pulse from the TOPn1 pin.

Instead of the external trigger, a software trigger can also be generated to output the pulse. When the software
trigger is used, the TOPNO pin outputs the active level signal while the 16-bit counter is incrementing, and the inactive
level signal when the counter is stopped (waiting for a trigger).

Remarks 1. For how to set the TIPnO, TOPnO, and TOPn1 pins, see Table 7-2 Pins Used by TMPn and Table
4-15 Settings When Pins Are Used for Alternate Functions.

2. For how to enable the INTTPnCCO and INTTPnCC1 interrupt signals, see CHAPTER 21
INTERRUPT SERVCING/EXCEPTION PROCESSING FUNCTION.

3. n=0to5

Figure 7-38. Configuration of TMPn in One-Shot Pulse Output Mode

TPnCCRH1 register

TIPnO pin © dEdge {;7 Transfer
etector Output
CCR1 buffer register _| zeontroller =@ TOPn1 pin
(RS-FF)
Software trigger {} Match sianal
generation alch signa INTTPnCC1 signal
Clear
l| o Output
nglr;tc?ifr? ) C(::lg:trsc:?n 16-bit counter || gcontroller |—=O TOPNO pin
> (RS-FF)
% Match signal INTTPnCCO signal
TPnCE bit CCRO buffer register
{ S Transfer
[
TPnCCRO register
RO1UHO0165EJ0900 Rev.9.00 Page 290 of 1113
Mar 25, 2014 RENESAS




V850ES/JG3-L CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 7-39. Basic Timing of Operations in One-Shot Pulse Output Mode

FFFFH
Do — Do — Do —
16-bit counter D Z D Z D Z
0000H
TPnCE bit

External trigger input _| _| _|
(TIPNnO pin input)

TPnCCRO register x Do

INTTPNCCO signal —l —l —l

TOPNO pin outputNete

TPnCCRH1 register x D1
INTTPnCC1 signal —| —| —|

TOPN1 pin output

Wait| Delay | Active Delay | Active Delay | Active
fO_" (D) level width (D1) level width  (D1) level width
trigger (Do—D1+ 1) (Do—D1+1) (Do—D1+ 1)

Note The output from the TOPNO pin can also be used as the input to the TIPnO pin. When using the
output from the TOPNO pin as the input to the TIPnO pin, use a software trigger instead of an

external trigger.

When the TPnCE bit is set to 1, TMPn waits for a trigger. When the trigger is generated, the 16-bit counter is
cleared from FFFFH to 0000H, starts incrementing, and outputs a one-shot pulse from the TOPn1 pin. After the
one-shot pulse is output, the 16-bit counter is set to 0000H, stops incrementing, and waits for a trigger. If a trigger is
generated again while the one-shot pulse is being output, it is ignored.

The output delay period and active level width of the one-shot pulse can be calculated as follows:

Output delay period = (Set value of TPNnCCR1 register) x Count clock cycle
Active level width = (Set value of TPnCCRO register — Set value of TPnCCR1 register + 1) x Count clock cycle

The INTTPnCCO compare match interrupt request signal is generated when the 16-bit counter increments next
time after its value matches the value of the CCRO buffer register. The INTTPnCC1 compare match interrupt
request signal is generated when the value of the 16-bit counter matches the value of the CCR1 buffer register.

Either the valid edge of the external trigger input signal or setting the software trigger (TPnCTL1.TPnEST bit) to 1
is used as the trigger.

Remark n=0t05
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Figure 7-40. Register Settings in One-Shot Pulse Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)
TPnCE TPnCKS2 TPnCKS1 TPnCKS0
TPnCTLO | 0/1 \ 0 \ 0 \ 0 \ 0 \ 0/1 \ 0/ \ 0/ |

These bits select
the count clock.
0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)
TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
et [ 0o | ot | o [ o | o | o | 1 | 1 |
| |

0,1,1:
One-shot pulse output mode

Writing 1 generates a
software trigger.

(c) TMPn I/O control register 0 (TPnlOCO0)
TPnOL1 TPnOE1 TPnOLO TPnOEO
Tioco | o | o | o | o | on | on | o

0/1 Note

0: Disable TOPNO pin output.
1: Enable TOPNO pin output.

QOutput level when TOPnO
pin is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Active level of TOPn1 pin
output:

0: High level

1: Low level

e When TPnOL1 bit is 0: e When TPnOL1 bit is 1:

16-bit counter yd | yd | 16-bit counter yd | e |

TOPnN1 pin output 1 1 TOPnN1 pin output LT |

Note Set this bit to 0 when not using the TOPNO pin in the one-shot pulse output mode.

Remark n=0t0o5
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Figure 7-40. Register Settings in One-Shot Pulse Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPREESO TPnETS1 TPnETSO
TPnIOCZlO‘O‘O‘0‘0‘0‘0/1‘0/1'

These bits select the

valid edge of the external
trigger input.

(e) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCRO and TPnCCR1)
If the TPNCCRO register is set to Do and the TPNnCCR1 register is set to D1, the one-shot pulse is as
follows:
One-shot pulse active level width = (Do — D1 + 1) x Count clock cycle
One-shot pulse output delay period = D1 x Count clock cycle

Caution One-shot pulses are not output from the TOPn1 pin in the one-shot pulse output mode
if the value of the TPnCCR1 register is greater than the value of the TPnCCRO register.

Remarks 1. TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPnOPTO) are not
used in the one-shot pulse output mode.
2. n=0to5
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(1) Operations in one-shot pulse output mode

Figure 7-41.

Timing and Processing of Operations in One-Shot Pulse Output Mode

FFFFH
16-bit counter
0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register
INTTPnCCO signal
TPnCCRT1 register
INTTPnCC1 signal

TOPN1 pin output

<1> Starting counting

X

X

<1>

START

¢

)

Set up the registers
TPnCTLO register

TPnCTL1 register
TPnIOCO register
TPnlOC2 register
TPnCCRO register
TPnCCRT1 register

(TPnCKSO0 to TPnCKS2 bits)

TPnCE bit=1

Remark a=0,1
n=0to5

<2>

<2> Changing the TPnCCRO and
TPnCCR1 register settings

<3>

Because the TPnCCRa
register value will be
transferred to the CCRa

Set the TPNCCRO and TPnCCR1
registers

buffer register as soon
as the TPnCCRa register
is rewritten, it is

registers before setting

Be sure to set up these ‘
the TPnCE bit to 1. !

<3> Stopping counting

recommended to rewrite
the TPnCCRa register
immediately after the
INTTPnCCRO signal is
generated.

Disables counting.

TPnCE bit=0
Counting starts.
The TPnCKSO0 to TPNnCKS2
bits can be set here.
Waiting for trigger.
( STOP >
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(2) Using one-shot pulse mode

(a) Rewriting the TPNnCCRa register
When rewriting the value of the TPnCCRa register to a smaller value, stop counting first and then change
the set value.
When changing the value of the TPNnCCRO register from Doo to Dot and the value of the TPnCCR1
register from D1o to D11, if the registers are rewritten under any of the following conditions, a one-shot
pulse will not be output as expected.

Condition 1 When rewriting the TPnCCRO register, if:
Doo > Dot or,
Doo < 16-bit counter value < Dot

In the case of condition 1, the 16-bit counter will not be cleared and will overflow in the cycle in which
the new value is being written. The counter will be cleared for the first time at the newly written value
(Dot).

Condition 2 When rewriting the TPnCCR1 register, if:
D1o > D11 or,
D10 < 16-bit counter value < D11

In the case of condition 2, the TOPn1 pin output cannot be inverted to the active level in the cycle in
which the new value is being written.

An example of what happens when condition 1 and condition 2 are satisfied in the same cycle is shown in
Figure 7-42.

The 16-bit counter increments up to FFFFH, overflows, and starts incrementing again from 0000H.
When the 16-bit counter value matches D11, the INTTPnCC1 signal is generated and the TOPn1 pin
output is set to the active level. Subsequently, when the 16-bit counter value matches Do1, the
INTTPnCCO signal is generated, the TOPn1 pin output is set to the inactive level, and the counter stops
incrementing.

Remark n=0to5
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Figure 7-42. Rewriting TPNCCRa Register

FFFFH

Doo —r— —
16-bit counter Do Z D1o Z D1o Z Dot —,—
D11 Z

0000H

TPnCE bit

External trigger input

(TIPNO pin input)

TPnCCRO register
(CCRO buffer register) Doo Do+

INTTPnCCO signal _l _l : _l

TOPNO pin outputNete
TPnCCRH1 register
(CCR1 buffer register) Do X Dr

INTTPnCC1 signal —|

—
—

TOPN1 pin output

Delay Delay Delay

(D1o) (D1o) (10000H + D11)
Active level width Active level width T Active level width
(Doo — D1o + 1) (Doo — D10 + 1) <Condition 2> (Dot — D11 + 1)

<Condition 1>

Note The output from the TOPNO pin can also be used as the input to the TIPnO pin. When using
the output from the TOPNO pin as the input to the TIPnO pin, use a software trigger instead of

an external trigger.

Remark a=0,1
n=0to5
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(b) Timing of generating the compare match interrupt request signal (INTTPnCC1)
In the one-shot pulse output mode, the INTTPnCC1 signal is generated when the value of the 16-bit
counter matches the value of the TPNnCCR1 register.

Figure 7-43. Timing of Generating Compare Match Interrupt Signal (INTTPnCC1)

Count clock
16-bit counter D1-2 X Di-1 D1 X D1 +1 X D1+2
TPnCCR1 register D1

TOPN1 pin output

INTTPnCC1 signal

Remark n=0to5
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7.4.5 PWM output mode (TPnMD2 to TPnMDO bits = 100)

In the PWM output mode, when the TPnCTLO.TPnCE bit is set to 1, TMPn outputs a PWM waveform from the
TOPN1 pin.

A pulse that has one cycle of the PWM waveform as half its cycle can also be output from the TOPnO pin.

Remarks 1. For how to set the TIPnO, TOPnO, and TOPn1 pins, see Table 7-2 Pins Used by TMPn and Table
4-15 Settings When Pins Are Used for Alternate Functions.
2. For how to enable the INTTPnCCO and INTTPnCC1 interrupt signals, see CHAPTER 21
INTERRUPT SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 7-44. Configuration of TMPn in PWM Output Mode

TPnCCRH1 register
{} Transfer
_— Output
CCR1 buffer register controller =@ TOPnN1 pin
( (RS-FF)
{} Match signal | | INTTPnCCH signal
Clear
Count Output
clock hi | utput | .
selection } 16-bit counter controller © TOPnO pin
{} Match signal INTTPNCCO signal
TPnCE bit CCRO buffer register
{ } Transfer

TPnCCRO register

Remark n=0to5
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Figure 7-45. Basic Timing of Operations in PWM Output Mode

FFFFH
Dot 74— Dot 74—
16-bit counter Doo 1~ Doo 4~ Doo 4~ D1t / D11 /
D1o /] D1o /] D1o /]
0000H
TPnCE bit
TPnCCRO register X Doo X Do1
CCRO buffer register Doo Do+

NTTPnCCO signal _l —l —l —l —l

TOPNO pin output

TPnCCRH1 register X D1o X D11

CCR1 buffer register Dro D11

INTTPnCC1 signal _l —l —l —l —l

TOPN1 pin output

Active period  Cycle Inactive period
(D10)  (Doo + 1) (Doo — D10 + 1)

When the TPnCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts incrementing, and
outputs a PWM waveform from the TOPn1 pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows:

Active level width = (Set value of TPnCCR1 register) x Count clock cycle
Cycle = (Set value of TPNCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPNnCCR1 register)/(Set value of TPnCCRO register + 1)

The PWM waveform can be changed by rewriting the TPnCCRa register while the counter is incrementing. The
newly written value is reflected when the value of the 16-bit counter matches the value of the CCRO buffer register
and the 16-bit counter is cleared to 0000H.

The INTTPnCCO compare match interrupt request signal is generated when the 16-bit counter increments next
time after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H.
The INTTPnCC1 compare match interrupt request signal is generated when the value of the 16-bit counter matches
the value of the CCR1 buffer register.

Remark a=0,1
n=0to5
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Figure 7-46. Register Settings in PWM Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)
TPnCE TPnCKS2 TPnCKS1 TPnCKS0

TPnCTLO|0/1‘O‘O‘0‘0‘0/1‘0/1‘0/1'

These bits select
the count clockNete 1,

0: Stop counting.
1: Enable counting.

(b) TMPn control register 1 (TPnCTL1)
TPNEST TPnEEE TPnMD2 TPnMD1 TPnMDO

TPnCTL1|0‘O‘O/1‘O‘O‘1‘O‘O|

| |
1,0,0:
PWM output mode

0: Operate TMPn on count
clock selected by using
TPnCKSO0 to TPnCKS2 bits.

1: Increment TMPn based on
external event count input
signal.

(c) TMPn I/O control register 0 (TPnlOCO)

TPnOL1 TPnOE1 TPnOLO TPnOEO
aioco[ o [ o [ o [ o [ on | on [onmee

0/1 Note 2 |

0: Disable TOPNO pin output.
1: Enable TOPNO pin output.

Qutput level when TOPnO
pin is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output.
1: Enable TOPn1 pin output.

Active level of TOPn1 pin
output:

0: High level

1: Low level

e When TPnOL1 bit is O: e When TPnOL1 bitis 1:

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOPni pinoutput _ 1 ™1 1L I — TOPni pinoutput —_ ™11 T 1L

Notes 1. The setting of these bits is invalid when the TPnCTL1.TPnEEE bit is 1.
2. Set this bit to 0 when not using the TOPNO pin in the PWM output mode.

Remark n=0to5
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Figure 7-46. Register Settings in PWM Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPREESO TPnETS1 TPnETSO
TPnIOCZlO‘O‘O‘O‘OM‘OM‘ o‘ol

These bits select the
valid edge of the
external trigger input.

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCRO and TPnCCR1)
If the TPNCCRO register is set to Do and the TPNCCR1 register is set to D1, the PWM waveform is as
follows:

PWM waveform cycle = (Do + 1) x Count clock cycle
PWM waveform active level width = D1 x Count clock cycle

Remarks 1. TMPn /O control register 1 (TPnIOC1) and TMPn option register 0 (TPnOPTO) are not
used in the PWM output mode.
2. n=0to5
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(1) Operations in PWM output mode

Figure 7-47. Timing and Processing of Operations in PWM Output Mode (1/2)

FFFFH

16-bit counter

D1o
0000H

D1o Do

D1o

TPnCE bit

TPnCCRO register x

X Doo

CCRO buffer register

INTTPNnCCO signal

TOPNO pin output

TPnCCRT1 register x

CCR1 buffer register

Doo X Dot X Doo
Do Do D11 Do
Do X D1o X D11 X D1o

INTTPnCC1 signal

—1

TOPN1 pin output

<1> <2> <3> <4> <5>
Remark n=0to5
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Figure 7-47. Timing and Processing of Operations in PWM Output Mode (2/2)

<1> Starting counting

(o)

Set up the registers
TPnCTLO register
(TPnCKSO0 to TPNnCKS?2 bits)
TPnCTLA1 register
TPnIOCO register
TPnlOC2 register
TPnCCRO register
TPnCCRH1 register

TPnCE bit = 1

<2> Changing the cycle

be written even when only
changing the cycle setting.

The TPnCCR1 register must

Set the TPNCCRO register

Set the TPNCCR1 register

Remark a=0,1
n=0to5

<3> Changing the duty

Only the TPNCCR1 register
has to be written when only
changing the duty setting.

Set the TPNCCR1 register

Be sure to set up these
registers before setting
the TPnCE bitto 1.

After setting this register,
the values of the TPnCCRa
registers are transferred to
the CCRa buffer registers
when the counter is cleared.

<4> Changing both the cycle and the duty
When changing both the cycle and the
duty, do so in the order of cycle setting

Counting starts.
The TPnCKSO to

then duty setting.

TPnCKS2 bits can
be set here.

Set the TPNCCRO register

Set the TPNCCR1 register

<5> Stopping counting

TPnCE bit=0

After setting these

registers, their values
are transferred to the
CCRa buffer registers

when the counter is cleared.

C=

After setting these registers,
their values are transferred

to the CCRa buffer registers
when the counter is cleared.

Disables counting.
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(2) Using PWM output mode

(a) Changing the PWM waveform while the counter is incrementing
To change the PWM waveform while the counter is incrementing, write to the TPnCCR1 register after
changing the waveform setting. When rewriting the TPnCCRa register after writing to the TPnCCR1
register, do so after the INTTPnCCO signal has been detected.

Figure 7-48. Changing PWM Waveform While Counter Is Incrementing

FFFFH
Dot —— Dot ——
16-bit counter Doo o~ Doo 4~ Doo 4 D11 / D11 /
Do /| Do /] D1o /]
0000H
TPnCE bit

TPnCCRO register

>
g

>
g

CCRO buffer register Doo Dot
TPnCCRH1 register X D1o X D11
CCR1 buffer register D1o D11

TOPN1 pin output

INTTPnCCO signal —| —| —| —| —|

In order to transfer data from the TPnCCRa register to the CCRa buffer register, the TPnCCR1 register
must be written.

After data is written to the TPnCCR1 register, the value written to the TPnCCRa register is transferred to
the CCRa buffer register in synchronization with clearing of the 16-bit counter, and is used as the value to
be compared with the 16-bit counter value.

<1> To change both the cycle and active level width of the PWM waveform, first set the cycle to the
TPnCCRO register and then set the active level width to the TPNnCCR1 register.

<2> To change only the cycle of the PWM waveform, first set the cycle to the TPnCCRO register, and
then write the same value to the TPnCCR1 register (that is, the same value as the value already
specified for the TPnCCR1 register).

<3> To change only the active level width (duty factor) of the PWM waveform, only the TPnCCR1
register has to be set.
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Caution To rewrite the TPNnCCRO or TPnCCR1 register after writing the TPnCCR1 register, do so
after the INTTPnCCO signal has been generated; otherwise, the value of the CCRa buffer
register may become undefined because the timing of transferring data from the
TPnCCRa register to the CCRa buffer register conflicts with writing the TPnCCRa
register.

Remark a=0,1
n=0to5

(b) Outputting a 0% or 100% PWM waveform
To output a 0% waveform, clear the TPnCCR1 register to 0000H.

Figure 7-49. Outputting 0% PWM Waveform

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ::XDoo - 1X Doo 0000 X 0001 x ::XDoo - 1X Doo 0000
§ 3

B

)
TPnCE bit

{ {
)] )]

TPnCCRQO register Doo Doo Doo
{( {
) X

TPnCCRH1 register 0000H B 0000H B 0000H
)] )]

INTTPNnCCO signal

INTTPnCC1 signal

TOPN1 pin output

Remark n=0to5
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To output a 100% waveform, set the value of TPnCCRO register + 1 to the TPnCCR1 register. If the
value of the TPnCCRO register is FFFFH, a 100% waveform cannot be output.

