To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESAS



10.

11

12.

Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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 lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the 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. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. 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.

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 errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“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.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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 physica 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 system
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 aresult of your noncompliance with
applicable laws and regulations.

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 sdes 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.
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Notes regarding these materials

1

These materials are intended as a reference to assist our customers in the selection of the Renesas Technology
product best suited to the customer's application; they do not convey any license under any intellectual proper
other rights, belonging to Renesas Technology Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-part
originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit application exam
these materids.

All information contained in these materials, including product data, diagrams, charts, programs and agorithr
information on products at the time of publication of these materials, and are subject to change by Renesas Te
Corporation without notice due to product improvements or other reasons. It is therefore recommended that
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for th
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other lossrising fron
inaccuracies or errors.

Please d so pay attention to information published by Renesas Technology Corporation by various means, inc
Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or al of theinformation contained in these materias, including product data, diagrams, chart
algorithms, please be sure to evauate al information as atotal system before making afinal decision on the e
the information and products. Renesas Technology Corporation assumes no responsibility for any damage, li
loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in a device or sys
under circumstances in which human lifeis potentialy at stake. Please contact Renesas Technology Corpora
authorized Renesas Technology Corporation product distributor when considering the use of a product contai
any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear,
repeater use.

The prior written approva of Renesas Technology Corporation is necessary to reprint or reproduce in whole
materials.

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

Please contact Renesas Technology Corporation for further details on these materials or the products containe
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Nave retaveu tie lalest pProauct standarts OF SpeiiCallOris betore tiria desagrl, pul
use.

. Hitachi makes every attempt to ensure that its products are of high quality and reli
However, contact Hitachi’ s sales office before using the product in an application
demands especially high quality and reliability or where its failure or malfunction

threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, |
power, combustion control, transportation, traffic, safety equipment or medical eq
life support.

. Design your application so that the product is used within the ranges guaranteed b
particularly for maximum rating, operating supply voltage range, heat radiation ch
installation conditions and other characteristics. Hitachi bears no responsibility fo
damage when used beyond the guaranteed ranges. Even within the guaranteed rar
consider normally foreseeable failure rates or failure modes in semiconductor devi
employ systemic measures such as fail-safes, so that the equipment incorporating |
product does not cause bodily injury, fire or other consequential damage due to op
the Hitachi product.

. This product is not designed to be radiation resistant.

. No oneis permitted to reproduce or duplicate, in any form, the whole or part of thi
without written approval from Hitachi.

. Contact Hitachi’s sales office for any questions regarding this document or Hitach
semiconductor products.




supply

5 Figure 1.1 Block Diagram Modification
8 Table 1.2 Pin Functions / Power source pin Modification of stabilization cap
13 2.1.1 Features Change in High-speed operatio
88 Figure 4.2 Typical Connection to Crystal ~ Addition of recommended value
Oscillator
89 Figure 4.4 Typical Connection to Ceramic Addition of recommended value
Oscillator
91 Figure 4.7 Typical Connection to 32.768-  Addition of description
kHz/38.4 kHz Crystal Oscillator (Subclock)
92 Figure 4.9 Pin Connection when not Using Modification
Subclock
95 Table 5.1 Operating Modes Modification of subsleep mode/
descriptions
97 Table 5.2 Internal State in Each Operating Modification of Note 4
Mode
99 5.1.1 System Control Registers Addition of Notes to Bits 6 to 4
1. System control register 1 (SYSCR1)
100 2. System control register 2 (SYSCR2) Modification of Bit 4 contents
102 5.2 Sleep Mode Addition of description
104 5.3.3 Oscillator Settling Timer after Stanby Addition of description
Mode is Cleared
107 5.5.2 Clearing Subsleep Mode Addition of description
e Clearing by interrupt
109 5.7.1 Transition to Active (Medium-Speed) Addition of description
Mode
147 Table 8.10 Port 3 Pin States Modification
226 Table 9.13 Timer G Operation Modes Addition of description in Notes
248 9.7.5 Application Notes Addition and modification of des
251 Figure 10.1 SCI3 Block Diagram Modification
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303 10.5 Application Notes Addition of 9 and 10.

357 14.2 When Using the Internal Power Modification of description
Supply Step-Down Circuit

360to 15.2.1 Power Supply Voltage and Modification of 1to 3

362 Operating Range

363to Table 15.2 DC Characteristics Addition and modification

368

369to Table 15.3 Control Signal Timing Addition and modification

370

371 Table 15.4 Serial Interface (SCI3-1, Addition of Notes
SCI3-2) Timing

372 Table 15.5 A/D Converter Characteristics  Modification

373 Table 15.7 AC Characteristics for External Addition
Segment Expansion

376 Figure 15.6 SCI-3 Synchronous Mode Modification of Notes
Input/Output Timing

377 Figure 15.7 Segment Expansion Signal Addition
Timing
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used as embedded microcomputersin systems requiring LCD display.
The H8/3867 Seriesincorporates an LCD drive power supply and step-up constant po
(5V), enabling afixed 5 V voltage to be obtained independently of V .

This manual describes the hardware of the H8/3867 Series and H8/3827 Series. For d
H8/3864 Series instruction set, refer to the H8/300L Series Programming Manual.
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miCrocomputers equippea with a controtier/ariver. Other on-cnip peripneral Tunctiong
timers, a 14-bit pulse width modulator (PWM), two serial communication interface cf
an A/D converter. Together, these functions make the H8/3864 Seriesidedly suited f
applications in systems requiring low power consumption and LCD display. Modelsi
H8/3867 and H8/3827 Series are the H8/3862 and H8/3822, with on-chip 16-kbyte R(
kbyte RAM, the H8/3863 and H8/3823, with 24-kbyte ROM and 1-kbyte RAM, the H
H8/3824, with 32-kbyte ROM and 2-kbyte RAM, the H8/3865 and H8/3825, with 40-
and 2-kbyte RAM, the H8/3866 and H8/3826, with 48-kbyte ROM and 2-kbyte RAM
H8/3867 and H8/3827, with 60-kbyte ROM and 2-kbyte RAM.

The H8/3867 and H8/3827 are also availablein a ZTAT™* version with on-chip PRC
can be programmed as required by the user.

Table 1.1 summarizes the features of the H8/3867 Series and H8/3827 Series.

Note: * ZTAT (Zero Turn Around Time) isatrademark of Hitachi, Ltd.
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O Add/subtract: 0.67 ps (operating at 3 MHz)

O Multiply/divide: 4.67 us (operating at 3 MHz)

O Can runon 32.768 kHz or 38.4 kHz subclock
» Instruction set compatible with H8/300 CPU

O Instruction length of 2 bytes or 4 bytes

0 Basic arithmetic operations between registers

O MOV instruction for data transfer between memory and
» Typical instructions

O Multiply (8 bits x 8 bits)

O Divide (16 bits + 8 bits)

O Bit accumulator

0 Register-indirect designation of bit position

Interrupts

36 interrupt sources
» 13 external interrupt sources (IRQ4 to IRQg, WKP; to WKF

« 23 internal interrupt sources

Clock pulse generators

Two on-chip clock pulse generators
e System clock pulse generator: 0.4 to 6 MHz
» Subclock pulse generator: 32.768 kHz, 38.4 kHz

Power-down modes

Seven power-down modes

» Sleep (high-speed) mode

* Sleep (medium-speed) mode
« Standby mode

*  Watch mode

e Subsleep mode

* Subactive mode

e Active (medium-speed) mode
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Ho/3600, Ho/seZ6: 4o-Kbyte ROM, 2-Kbyte RAM
H8/3867, H8/3827: 60-kbyte ROM, 2-kbyte RAM

I/O ports 64 pins

» 551/0 pins

* 9input pins
Timers Six on-chip timers

Timer A: 8-bit timer

Count-up timer with selection of eight internal clock signal
from the system clock (g)* and four clock signals divided
watch clock (g,,)*

Asynchronous event counter: 16-bit timer

O Count-up timer able to count asynchronous external e
independently of the MCU's internal clocks

Timer C: 8-bit timer

O Count-up/down timer with selection of seven internal c
or event input from external pin

O Auto-reloading

Timer F: 16-bit timer

0 Can be used as two independent 8-bit timers

O Count-up timer with selection of four internal clock sigt
input from external pin

O Provision for toggle output by means of compare-matc
Timer G: 8-bit timer

O Count-up timer with selection of four internal clock sig
O Incorporates input capture function (built-in noise canc
Watchdog timer

O Reset signal generated by overflow of 8-bit counter

Note: * See section 4, Clock Pulse Generator, for the definition of g and g,,.
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» Can be used as a 14-bit D/A converter by connecting to an
low-pass filter.

A/D converter

Successive approximations using a resistance ladder
» 8-channel analog input pins
» Conversion time: 31/g or 62/g per channel

LCD controller/driver

LCD controller/driver equipped with a maximum of 32 segmen
four common pins

« Choice of four duty cycles (static, 1/2, 1/3, or 1/4)

* Segment pins can be switched to general-purpose port fun
bit units

LCD drive power supply Step-up constant-voltage power supply allows LCD display

(H8/3867 Series only)
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HD6433862W, — 80-pin TQFP (TFP-80C)
HD6433822W

HD6433863H, — 80-pin QFP (FP-80A) RON
HD6433823H RAN
HD6433863F, — 80-pin QFP (FP-80B)
HD6433823F

HD6433863W, — 80-pin TQFP (TFP-80C)
HD6433823W

HD6433864H, — 80-pin QFP (FP-80A) RON
HD6433824H RAN
HD6433864F, — 80-pin QFP (FP-80B)
HD6433824F

HD6433864W, — 80-pin TQFP (TFP-80C)
HD6433824W

HD6433865H, — 80-pin QFP (FP-80A) RON
HD6433825H RAN
HD6433865F, — 80-pin QFP (FP-80B)
HD6433825F

HD6433865W, — 80-pin TQFP (TFP-80C)
HD6433825W

HD6433866H, — 80-pin QFP (FP-80A) RON
HD6433826H RAN
HD6433866F, — 80-pin QFP (FP-80B)
HD6433826F

HD6433866W, — 80-pin TQFP (TFP-80C)
HD6433826W

HD6433867H, HD6473867H,  80-pin QFP (FP-80A) RON
HD6433827H  HD6473827H RAN
HD6433867F, HD6473867F,  80-pin QFP (FP-80B)
HD6433827F  HD6473827F

HD6433867W, HD6473867W, 80-pin TQFP (TFP-80C)
HD6433827W  HD6473827W
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Al Ividr
P12/TMOFH ~—>|
P1s/TMIG <—>|
P14/IRQ4/ADTRG <>
P1s/IRQUTMIC <—>|
P16/IRQz <>
P17/IRQa/TMIF ~<—>|

P3o/PWM <>

P31/UD <>
P32/RESO <—>|
P33/SCKa1 <>
P34/RXD31 <>
P3s/TXD31 <>
P36¢/AEVH ~<—>|
P37/AEVL <—>|

P40/SCK3z2 <>
P41/RXD32 <—>|
P42/TXD32 <>

P43IRQo —>|

P50/WKPo/SEG1 <>~
P51/WKP1/SEG2 <>
P52/WKP2/SEGs <>~
P53/WKP3/SEGs <>
P54/WKP4/SEGs <>~
P5s/WKPs/SEGes <>
P56/WKPs/SEG7 <>
P57/WKP7/SEGs <—>|

Port 1

Port 3

Port 5

2 9 g 9 H8/300L
g0 20 CPU
2 %]
%)
ROM RAM
(60k/48k/40k/32k (2k/1k)
24k/16Kk)
i Serial
Timer - A communication
interface 3-1
Timer - C Serial
communication
interface 3-2
Timer - F
14-bit
Timer - G PWM
Asynchronous WDT
counter
A/D LCD
(10bit) Controller
| Port B ‘
o @ 22222222
S 3 S Lg
< < [ wa ' o R w'a R 'a o Rl ]
[ T o W n W o HY n I a Y a B0 Y

o< V1
~~—— \/2

[<—— V3

~—> PA3/(
> PA/(
~—> PA1/(

<> PA/(

LCD Pc
‘ ’ Port A ‘ ’ Suppl

P8¢
P8sl/<
P8s/<
P8al<
P83/S
P82/¢
P8u/¢
P8ol<

Port 8

P77l
P76/S
P75/
P74/S
P73/¢
P72lS
P74/¢
P70l

Port 7

P67/¢
P66/
P65/
P64/S
P6a/s
P62/S
P61/¢
P6o/<

Port 6

Figure1.1 Block Diagram
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MM [
MMW/SSd [
MM/OSd [
MM/2Gd [
)3S/°9d [
)3S/'9d [
)3S/29d [
)3S/29d [
)3S/79d [
)3S/59d [
)3S/°9d [
)3S/:9d [
)3s/oLd [
)3S/rLd [
)3SreLd [
)3S/eLd [
)3AS/Ld [
)3S/sLd [
)3SrLd [
)3S/22d [

60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41

40 ] ¥
39 ] F
38[] ¥
37 ¥
36[ ] F
35 ] F
341
33 ¥
32 ]
31 ]\
30 ]\
29[ ]\
28]\
27\
26[ ] «
25 ] F
24 ] ¥
23] F
22 ] F
21 ] ¥

12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

bbby byoy

P80/SEG25 [ |61
P81/SEG26 [_| 62
P82/SEG27 [|63
P8s/SEG28 [| 64
P84/SEG29/M [ 65
P8s/SEG30/DO [ 66

P86/SEG31CL2 [_| 67

P87/SEG32CL: [_| 68

P40SCKz2 [| 69
P41/RXD3a2 [| 70

P42/TXD32 [ |71

P43/IRQo [ 72

AVce [|73
PBo/ANo [| 74
PBY/AN: |75
PB2/AN2 |76

PB3/ANs |77
PB4/ANs [| 78
PBs/ANs [_| 79
PBs/ANs [_| 80

0S34/ed
anred
NMd/ogd
dINL/EDHI/.Td
2041/°Td
OINL/"OYI/STd
Y1 AV/*OHI/Td
OINL/ETd
H4OWL/Td
14ONL/FTd
MOWL/oTd

S3d

1s3aL

'9so

ZelYe}

Figurel1.2 Pin Arrangement (FP-80A, TFP-80C: Top View)
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P8s/SEG31/CL2 | | 69 36|
P87/SEG32/CL1 [ 70 35 [
P40/SCKz2 [_| 71 s
P41/RXDa2 [| 72 33 [
P42/TXDa2 [_| 73 w2
P43/IRQ [| 74 e
AVee [] 75 30 [
PBo/ANo [| 76 29 [
PBUAN: [ ]| 77 28 [
PB2/AN: [| 78 27 [
PBs/ANs [_| 79 26 [
PB4/ANs [| 80 25|
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 2 5 8 7 0 8 S S F0 =22 TOBOS LSO 5 &
zZ Z2 Z2 2 X X 4 = = =
S Q83 aMsEEs e85 ¢
sz B = O O ~ s s e = E & &
o o 2 EZ2z25ees5zr5¢keock
o oo 3:';;%‘0&‘03 S 8 &
g 4 g I [ a o o
S -
s B
[s
Figure1.3 Pin Arrangement (FP-80B: Top View)
8
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Power Vee 32 34 Input  Power supply: All V¢ pins
source pins CVcc 26 28 connected to the system po
See section 14, Power Sup

Vss 5 7 Input  Ground: All Vgg pins shoul

27 29 connected to the system po
oV).

AVce 73 75 Input  Analog power supply: Thi
power supply pin for the A/L
When the A/D converter is I
connect this pin to the syste
supply.

AVgg 2 4 Input  Analog ground: This is the
converter ground pin. It shc
connected to the system po
(ov).

Vo 31 33 Output LCD power supply: These

Vi 30 32 Input  power supply pins for the L(

Vo 29 31 controller/driver. They inco

V3 28 30 power supply split-resistanc
normally used with Vg and \

Clock pins  OSC; 7 9 Input  These pins connect to a cry
0OSC, 6 8 Output ceramic oscillator, or can be
input an external clock. Set
Clock Pulse Generators, fo
connection diagram.

X1 5 Input  These pins connect to a 32.

X5 4 6 Output 38.4-kHz crystal oscillator.
See section 4, Clock Pulse
Generators, for a typical col
diagram.

System RES 9 11 Input  Reset: When this pin is driv
control chip is reset

RESO 20 22 Output Reset output: Outputs the

reset signal.
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pins

16
17
14

18
19
16

are Input pins for edge-sensii
external interrupts, with a sel
rising or falling edge

44 to 37

46t0 39 Input

Wakeup interrupt request (
These are input pins for risin
edge-sensitive external interr

Timer pins

10

12

Output

Clock output: This is an out
waveforms generated by the
output circuit.

25
24

27
26

Input

Asynchronous event count
input: This is an event input
input to the asynchronous ev
counter.

TMIC

15

17

Input

Timer C event input: This is
input pin for input to the timel

ub

19

21

Input

Timer C up/down select: Tt
selects up- or down-counting
timer C counter. The counte
as an up-counter when this p
and as a down-counter when

TMIF

17

19

Input

Timer F event input: This is
input pin for input to the timel

TMOFL

11

13

Output

Timer FL output: This is an
for waveforms generated by
FL output compare function.

TMOFH

12

14

Output

Timer FH output: This is an
for waveforms generated by
FH output compare function.

TMIG

13

15

Input

Timer G capture input: This
pin for timer G input capture.

10

RENESAS



ol 1o 76

P4,

72

74

Input

Port 4 (bit 3): This is a 1-bi

P42 to P40

71 to 69

73to 71

110

Port 4 (bits 2 to 0): This is
port. Input or output can be
for each bit by means of po
register 4 (PCR4).

PA3 to PAQ

3310 36

35t0 38

110

Port A: This is a 4-bit I/O pc
output can be designated fc
means of port control regist

P17 to Plo

17to 10

19to 12

I/0

Port 1: This is an 8-bit 1/0O
output can be designated fc
means of port control regist

P37 to P30

25t0 18

27 to 20

1’0

Port 3: This is an 8-bit I/0
output can be designated fc
means of port control regist

P5, to P5,

44 to 37

46 to 39

I/0

Port 5: This is an 8-hit I/0
output can be designated fc
means of port control regist

P67 to P60

52 to 45

54 to 47

I/0

Port 6: This is an 8-bit 1/0
output can be designated fc
means of port control regist

P77 to P70

60 to 53

62 to 55

1’0

Port 7: This is an 8-bit I/0
output can be designated fc
means of port control regist

P87 to P80

68 to 61

70 to 63

I/0

Port 8: This is an 8-hit I/0
output can be designated fc
means of port control regist
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(SCI) SCK3q 21 23 1/0 SCI3-1 clock 1/O:
This is the SCI31 clock I/O pi

RXD35 70 72 Input  SCI3-2 receive data input:
This is the SCI32 data input |

TXD3, 71 73 Output SCI3-2 transmit data outpu
This is the SCI32 data outpu

SCK3, 69 71 I/O SCI3-2 clock 1/O:

This is the SCI32 clock I/O pi
A/D AN7to An0 1 3to1l Input  Analog input channels 7 to
converter 80to74 80to76 These are analog data input
the A/D converter

ADTRG 14 16 Input  A/D converter trigger input
This is the external trigger in
the A/D converter

LCD COM, to 33t036 35t038 Output LCD common output: Thes
controller/  COM; LCD common output pins.
driver SEG3,t0  68to37 70to39 Output LCD segment output: Thes

SEG; LCD segment output pins.

CL1 68 70 Output LCD latch clock: This is the
for the segment external exp
display data latch clock.

CL2 67 69 Output LCD shift clock: This is the
for the segment external exp
display data shift clock.

DO 66 68 Output LCD serial data output: Thi
output pin for segment exterr
expansion serial display data

M 65 67 OQutput LCD alternation signal: Thi
output pin for the segment e»
expansion LCD alternation si

12
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Features of the H8/300L CPU are listed below.

» General-register architecture
Sixteen 8-bit general registers, also usable as eight 16-bit general registers
* Instruction set with 55 basic instructions, including:

ad
g

Multiply and divide instructions
Powerful bit-manipulation instructions

» Eight addressing modes

OoOoOo0oogooo

ad

Register direct

Register indirect

Register indirect with displacement

Register indirect with post-increment or pre-decrement
Absolute address

Immediate

Program-counter relative

Memory indirect

* 64-kbyte address space
» High-speed operation

O

ad
g
ad
g

All frequently used instructions are executed in two to four states
High-speed arithmetic and logic operations

8- or 16-hit register-register add or subtract: 0.67 ps*

8 x 8-bit multiply: 4.67 ps*

16 + 8-hit divide: 4.67 ps*

Note: * Thesevaluesareat = 3 MHz.

e Low-power operation modes
SLEEP instruction for transfer to low-power operation

RENESAS



Figure 2.1 snows the register structure of the H3/300L CPU. There are two groups of re
general registers and control registers.

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4AL
R5H R5L
R6H R6L
R7H (SP) R7L SP: Stack pointer

Control registers (CR)
15 0
PC | PC: Program counter
76543210
CCR | | |U|H|U|N|Z|V|C| CCR: Condition code registe
- Carry flag
—— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure2.1 CPU Registers

14
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When used as address registers, the general registers are accessed as 16-bit registers (|

R7 aso functions as the stack pointer (SP), used implicitly by hardware in exception |
and subroutine calls. When it functions as the stack pointer, asindicated in figure 2.2,
points to the top of the stack.

Lower address side [H'00(

/\/

Unused area

SP (R7) —

Stack area

Upper address side [H'FF!

Figure2.2 Stack Pointer

222 Control Registers

The CPU control registersinclude a 16-bit program counter (PC) and an 8-bit conditic
register (CCR).

Program Counter (PC): This 16-bit register indicates the address of the next instruct
will execute. All instructions are fetched 16 bits (1 word) at atime, so the least signifi
the PC isignored (always regarded as 0).

Condition Code Register (CCR): This 8-bit register contains internal status informa
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflov
carry (C) flags. These bits can be read and written by software (using the LDC, STC,
ORC, and XORC instructions). TheN, Z, V, and C flags are used as branching condi
conditional branching (Bcc) instructions.
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The H flag isused implicitly by the DAA and DAS instructions.

When the ADD.W, SUB.W, or CMP.W instruction is executed, the H flag is set to 1 if
carry or borrow at bit 11, and is cleared to O otherwise.

Bit 4—User Bit (U): Can be used freely by the user.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of the result of
instruction.

Bit 2—Zero Flag (Z): Setto 1to indicate a zero result, and cleared to O to indicate an
result.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared t
times.

Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Use

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave some or all of the flag bits unchanged.

Refer to the H8/300L Series Programming Manua for the action of each instruction on
bits.

2.2.3 Initial Register Values

When the CPU isreset, the program counter (PC) isinitialized to the value stored at ad
H'0000 in the vector table, and the | bit in the CCR is set to 1. The other CCR bitsand |
registers are not initialized. In particular, the stack pointer (R7) isnot initialized. The st
should be initialized by software, by the first instruction executed after a reset.

16
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DIV XU (16 bits + 8 hits) instructions operate on word data.

* TheDAA and DAS instructions perform decimal arithmetic adjustments on byte d
packed BCD form. Each nibble of the byteistreated as a decimal digit.
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7

1-bit data RIL i dontcae |76 |5]4a|3]:
7 o
Byte data RnH |msB ‘LSB| .................... d .(J_n.‘_t.(.:_a_.rg_”_
.................................................... 7
Byte data RnL .................... c_i ontcare |MSB‘
15
Word data Rn |MSB‘
7 4 3 o
4-bitBCD data  RnH |  Upperdgit Lowerdigt | don't care
..................................................... 7 4 3
4-bit BCD data RnL : dontcare | , Upper digit L
Notation:

RnH: Upper byte of general register
RnL: Lower byte of general register
MSB: Most significant bit
LSB: Least significant bit

Figure2.3 Register Data Formats

18
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Data Type

1-bit data

Byte data

Word data

Byte data (CCR) on stack

Word data on stack

Address

Address n

Address n

Even address
Odd address

Even address
Odd address

Even address
Odd address

CCR: Condition code register

Note: * Ignored on return

Data Format

/\/

7
7je[s]afaf2a]1]

MSB‘ ‘ L
T T T T

msB ‘ Upper 8 bit§ ‘ ‘
T T T T T T T

I‘_ower‘ 8 bit§ L

T T T

MSB\ Il Il CQR Il Il L
T T T T T T T

MSB‘ CQR* ‘ L
T

MSB

Figure2.4 Memory Data Formats

When the stack is accessed using R7 as an address register, word access should alway
performed. When the CCR is pushed on the stack, two identical copies of the CCR are
make a complete word. When they are restored, the lower byte isignored.
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NO. Address Moades Symbol
1 Register direct Rn
2 Register indirect @Rn
3 Register indirect with displacement @(d:16, Rn)
4 Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn
5 Absolute address @aa:8 or @aa:16
6 Immediate #xx:8 or #xx:16
7 Program-counter relative @(d:8, PC)
8 Memory indirect @@aa:8

20

Register Direct—Rn: Theregister field of the instruction specifies an 8- or 16-hit
register containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8
DIVXU (16 bits + 8 hits) instructions have 16-bit operands.

Register Indirect—@Rn: The register field of the instruction specifies a 16-bit gel
register containing the address of the operand in memory.

Register Indirect with Displacement—@(d: 16, Rn): The instruction has a seconc
(bytes 3 and 4) containing a displacement which is added to the contents of the spec
general register to obtain the operand address in memory.

This mode isused only in MOV instructions. For the MOV.W instruction, the resul
must be even.
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I he ([@—R~nN moae 1S used with VIOV INStructions that store register contents to
Theregister field of the instruction specifies a 16-hit general register which is
by 1 or 2 to obtain the address of the operand in memory. The register retainst
decremented value. The size of the decrement is 1 for MOV .B or 2 for MOV.V
MOV.W, the original contents of the register must be even.

. Absolute Address—@aa:8 or @aa: 16: The instruction specifies the absolute adc
operand in memory.

The absolute address may be 8 bitslong (@aa:8) or 16 bits long (@aa 16). The M
mani pulation instructions can use 8-bit absolute addresses. The MOV .B, MOV.W,
JSR instructions can use 16-bit absolute addresses.

For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The adc
H'FFO00 to H'FFFF (65280 to 65535).

. Immediate—#xx:8 or #xx:16: The instruction contains an 8-hit operand (#xx:8) i
byte, or a 16-bit operand (#xx:16) in its third and fourth bytes. Only MOV .W instr
contain 16-bit immediate values.

The ADDS and SUBS instructions implicitly contain the value 1 or 2 as immediat
bit manipulation instructions contain 3-bit immediate datain the second or fourth |
instruction, specifying a bit number.

. Program-Counter Relative—@(d:8, PC): Thismode is used in the Bcc and BSF
instructions. An 8-hit displacement in byte 2 of the instruction code is sign-extend
and added to the program counter contents to generate a branch destination addres
possible branching range is —126 to +128 bytes (—63 to +64 words) from the currel
The displacement should be an even number.

. Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instruc
second byte of the instruction code specifies an 8-hit absolute address. The word |
address contains the branch destination address.

The upper 8 bits of the absolute address are assumed to be 0 (H'00), so the address
from H'0000 to H'00FF (0 to 255). Note that with the H8/300L Series, the lower &
address areais also used as a vector area. See 3.3, Interrupts, for details on the vex

If an odd address is specified as a branch destination or as the operand address of a M
instruction, the least significant hit is regarded as 0, causing word access to be perforn
address preceding the specified address. See 2.3.2, Memory Data Formats, for further
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Bit manipulation instructions can use register direct (1), register indirect (2), or 8-bit at
addressing (5) to specify the operand. Register indirect (1) (BSET, BCLR, BNOT, anc
instructions) or 3-bit immediate addressing (6) can be used independently to specify at
in the operand.
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DAS, VIULAU, DIVAU, CNIF, NEG

Logic operations AND, OR, XOR, NOT

Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR,
BXOR, BIXOR, BLD, BILD, BST, BIST

Branch Bcc'?, JMP, BSR, JSR, RTS

System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP

Block data transfer EEPMOV

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @-SP.
POP Rn is equivalent to MOV.W @SP+, Rn. The same applies to the machi
language.
2. Bcc is a conditional branch instruction in which cc represents a condition coc

The following sections give a concise summary of the instructions in each category, an
the bit patterns of their object code. The notation used is defined next.
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N AICyAlve ) 1idy VI Vot

Z Z (zero) flag of CCR
V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

ad AND logical

O OR logical

ad Exclusive OR logical

- Move

~ Logical negation (logical complement)
3-bit length
8-bit length

16 16-bit length

(), <> Contents of operand indicated by effective address

RENESAS



register and memory, or moves immediate data to a ger
register.

The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, ar
addressing modes are available for word data. The @sa
addressing mode is available for byte data only.

The @-R7 and @R7+ modes require word operands. |
specify byte size for these two modes.

POP @SP+ - Rn
Pops a 16-bit general register from the stack. Equivalel
MOV.W @SP+, Rn.

PUSH Rn - @-SP

Pushes a 16-bit general register onto the stack. Equiva
MOV.W Rn, @-SP.

Notes: * Size:
B:
W:

Operand size

Certain precautions are required in data access. See 2.9.1, Notes on Data Access, for d
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15 8 7 0
T T T T T T T T T @Rm+4>Rn
op rm rn RN - @—Rn
15 8 7 0
op n ‘ abs | @aa:8~ -F
15 8 7 0
op rn
@aa:l6 — -
abs
15 8 7 0
op n IMM #xx:8 - Rn
15 8 7 0
op ‘ m
#xx:16 - Rn
IMM
15 8 7 0
‘ ‘ ‘ ‘ ‘ w w w w PUSH, POP
op 11 1 ‘ M @SP+ - Rn
Rn - @-SP

Notation:

op: Operation field
rm, rn: Register field
disp: Displacement
abs:  Absolute address
IMM:  Immediate data

Figure2.5 Data Transfer Instruction Codes
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or addition on immediate data and data in a general reg
Immediate data cannot be subtracted from data in a ger
register. Word data can be added or subtracted only wi
words are in general registers.

ADDX SUBX B

Rd+Rs+*C - Rd,Rd+#IMM + C - Rd

Performs addition or subtraction with carry or borrow on
in two general registers, or addition or subtraction on im
data and data in a general register.

INC DEC B

Rd+1 - Rd
Increments or decrements a general register by 1.

ADDS SUBS W

Rd+1 - Rd,Rd+2 - Rd
Adds or subtracts 1 or 2 to or from a general register

DAA DAS B

Rd decimal adjust - Rd

Decimal-adjusts (adjusts to 4-bit BCD) an addition or su
result in a general register by referring to the CCR

MULXU B

Rd xRs - Rd

Performs 8-bit x 8-bit unsigned multiplication on data in
general registers, providing a 16-bit result

DIVXU B

Rd+Rs - Rd

Performs 16-bit + 8-bit unsigned division on data in two
registers, providing an 8-bit quotient and 8-bit remainde

CMP B/W

Rd - Rs, Rd — #IMM

Compares data in a general register with data in anothe
register or with immediate data, and indicates the result
CCR. Word data can be compared only between two g
registers.

NEG B

0-Rd - Rd

Obtains the two’s complement (arithmetic complement)
general register

Notes: * Size: Operand size
B: Byte
W:  Word

30
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aliodict yclicidl rcyisicl O ificdialc uala

OR B Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register
general register or immediate data

XOR B RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a genere
and another general register or immediate data

NOT B ~Rd - Rd

Obtains the one’s complement (logical complement) o
register contents

Notes: * Size: Operand size
B: Byte
254 Shift Operations

Table 2.7 describes the eight shift instructions.

Table2.7  Shift Instructions

Instruction Size* Function

SHAL B Rd shift -~ Rd

SHAR Performs an arithmetic shift operation on general regis
SHLL B Rd shift -~ Rd

SHLR Performs a logical shift operation on general register ¢
ROTL B Rd rotate —» Rd

ROTR Rotates general register contents

ROTXL B Rd rotate through carry — Rd

ROTXR

Rotates general register contents through the C (carry

Notes: * Size: Operand size
B: Byte

RENESAS



| MULXU, DIVXU

ADD, ADDX, SUBX
CMP (#XX:8)

|AND, OR, XOR (Rn

|AND, OR, XOR (#x:

SHAL, SHAR, SHLL
ROTL, ROTR, ROT

T
op ‘ rm m
15 8 7
T T T T T T
| op m | IMM
15 8 7
T T T T T T
| op ‘ rm m
15 8 7
T T T T T T T
| op m ‘ IMM
15 8 7
T T T T T T
| op m
Notation:

op:

Operation field

rm, rn: Register field

IMM:

Immediate data

32

Figure 2.6

Arithmetic, Logic, and Shift Instruction Codes
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number is specified by 3-bit immediate data or the low
of a general register.

BCLR B

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

Clears a specified bit in a general register or memory
number is specified by 3-bit immediate data or the low
of a general register.

BNOT B

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

Inverts a specified bit in a general register or memory.
number is specified by 3-bit immediate data or the low
of a general register.

BTST B

~ (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory al
clears the Z flag accordingly. The bit number is specif
immediate data or the lower three bits of a general reg

BAND B

BIAND B

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

ANDs the C flag with a specified bit in a general regist
memory, and stores the result in the C flag.

C O[~ (<bit-No.> of <EAd>)] - C

ANDs the C flag with the inverse of a specified bit in a
register or memory, and stores the result in the C flag.

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

BOR B

BIOR B

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

ORs the C flag with a specified bit in a general registel
and stores the result in the C flag.

C O[~ (<bit-No.> of <EAd>)] -~ C

ORs the C flag with the inverse of a specified bitin a g
register or memory, and stores the result in the C flag.

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

Notes: * Size: Operand size
B: Byte
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The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Copies a specified bit in a general register or memory tc
BILD B ~ (<bit-No.> of <EAd>) - C

Copies the inverse of a specified bit in a general registe
memory to the C flag.

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

BST B C - (<hit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register
BIST B ~C - (<hit-No.> of <EAd>)

Copies the inverse of the C flag to a specified bit in a ge
register or memory.

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

Notes: * Size: Operand size
B: Byte

Certain precautions are required in bit manipulation. See 2.9.2, Notes on Bit Manipula
details.
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op IMM 0 0 0 O|fBitNo.: immediate

15 8 7 0
op m 0 O O O |Operand: registerin
op rm 0 O O O|BitNo.: registerdi

15 8 7 0
op ‘ abs Operand: absolute (
op | MM [0 0 0 0BitNo: immediate

15 8 7 0
op abs Operand: absolute (
op rm ‘ 0 0O 0 O|fBitNo.: register di

BAND, BOR, BXOR

15 8 7 0
‘ ‘ ‘ T ‘ ‘ T Operand: register di
op ‘ MM ‘ m Bit No.: immediate

15 8 7 0
op ‘ m 0 O O O |Operand: registerin
op ‘ IMM 0 0 0 O|fBitNo.: immediate

15 8 7 0
op ‘ abs Operand: absolute (
op ‘ IMM 0 0 0 O|fBitNo.: immediate

Notation:

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

Figure2.7 Bit Manipulation Instruction Codes
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op

abs

op

IMM 0 0 0 O

Notation:

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

Operand: absolute (@c

Bit No.:

immediate (#

Figure2.7 Bit Manipulation Instruction Codes (cont)
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Mnemonic Description Con
BRA (BT) Always (true) Alwe
BRN (BF) Never (false) Neve
BHI High cOo
BLS Low or same co
BCC (BHS) Carry clear (high or same) C=1
BCS (BLO) Carry set (low) =
BNE Not equal Z =
BEQ Equal =
BVvVC Overflow clear V=
BVS Overflow set =
BPL Plus N =/
BMI Minus =
BGE Greater or equal N O
BLT Less than NO
BGT Greater than Z 0O
BLE Less or equal Z O

JMP

Branches unconditionally to a specified address

BSR

Branches to a subroutine at a specified address

JSR

Branches to a subroutine at a specified address

RTS

Returns from a subroutine

RENESAS



abs

15 8 7 0
op ‘ abs | IMP (@@
15 8 7 0
op ‘ disp | BSR
15 8 7 0
op ‘ rm 0 0 0 O | JSR (@Rn
15 8 7 0
op
JSR (@aa
abs
15 8 7 0
op abs | JSR (@ @:
15 8 7 0
op | RTS

Notation:

op: Operation field
cc: Condition field
rm: Register field
disp: Displacement
abs: Absolute address

38

Figure2.8 Branching Instruction Codes
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section 5, Power-Down Modes, for details.

LDC B Rs - CCR, #IMM - CCR
Moves immediate data or general register contents to |
code register
STC B CCR - Rd
Copies the condition code register to a specified genel
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immec
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immedi
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register wil
data
NOP — PC+2 - PC
Only increments the program counter
Notes: * Size: Operand size

B:

Byte

RENESAS



Notation:

op: Operation field
rn:  Register field

IMM: Immediate data

Figure2.9 System Control Instruction Codes

25.8 Block Data Transfer Instruction
Table 2.11 describes the block data transfer instruction. Figure 2.10 shows its object c«

Table2.11 Block Data Transfer Instruction

Instruction Size Function
EEPMOV — If R4L 0 then
repeat @R5+ - @R6+
R4L -1 - RA4L
until R4L=0
else next;

Block transfer instruction. Transfers the number of data
specified by R4L from locations starting at the address |
R5 to locations starting at the address indicated by R6.

transfer, the next instruction is executed.

Certain precautions are required in using the EEPMOV instruction. See 2.9.3, Notes o
EEPMOQV Instruction, for details.
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Access to on-chip memory takes place in two states. The data bus width is 16 hits, allo
access in byte or word size. Figure 2.11 shows the on-chip memory access cycle.

Bus cycle

4— T, state — »—a—— T, state —»

2 or gsuB

Internal address bus Address
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Internal data bus

- Write data
(write access) i

|

42

Figure2.11 On-Chip Memory Access Cycle
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- -
-t -

<~ Tystate — == T,state —»

2 0raq g

Address

Internal address bus
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Write data

Internal data bus
(write access)

x

Figure2.12 On-Chip Peripheral Module Access Cycle (2-State Acces
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address bus X Address

Internal :

read signal ﬁ /
Internal :

data bus :>—< Read data

(read access) :

Internal
write signal : : :
Internal : :
data bus :>—< Write data

(write access) :

Figure2.13 On-Chip Peripheral Module Access Cycle (3-State Access
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Tigure Z. 14. Flgure .10 snows tne Staie transitions.

’ CPU state }74{ Reset state ‘

The CPU is initialized
Program Active
execution state (high speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock

Active
(medium speed) mode

The CPU executes successive
program instructions at
reduced speed, synchronized
by the system clock

—{ Subactive mode ‘

The CPU executes
successive program
instructions at reduced
speed, synchronized
by the subclock ot

—{ Program halt state }7—{ Sleep %iggéspeed) ‘

A state in which some

or all of the chip Sleep (medium-speed)
functions are stopped mode !
to conserve power !

—{ Standby mode ‘
—{ Watch mode ‘
—{ Subsleep mode ‘ ***** ‘

.+ Low-power
modes

Exception-
handling state

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Note: See section 5, Power-Down Modes, for details on the modes and their transitions.

Figure2.14 CPU Operation States
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Program halt state Program execution stat

SLEEP instruction executed

Figure2.15 State Transitions

2.7.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

There are three modes in this state, two active modes (high speed and medium speed) a
subactive mode. Operation is synchronized with the system clock in active mode (higt
medium speed), and with the subclock in subactive mode. See section 5, Power-Down |
details on these modes.

273 Program Halt State

In the program halt state there are five modes: two sleep modes (high speed and mediu
standby mode, watch mode, and subsleep mode. See section 5, Power-Down Modes fc
these modes.

2.7.4 Exception-Handling State

The exception-handling state is atransient state occurring when exception handling is s
reset or interrupt and the CPU changes its normal processing flow. In exception handli
by an interrupt, SP (R7) is referenced and the PC and CCR values are saved on the stac

For details on interrupt handling, see section 3.3, Interrupts.
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H'0000
Interrupt vector area
H'0029
H'002A
16 kbytes
On-chip ROM (16384 bytes)

H'3FFF

Not used
H'F740

LCD RAM

(32 bytes)
H'F75F

Not used
H'F780

On-chip RAM 1024 bytes

H'FB7F

Not used
H'FF90

Internal I/O registers

(112 bytes)

H'FFFF

Figure2.16 (1) H8/3862 and H8/3822 Memory Map
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H'SFFF

H'F740

H'F75F

H'F780

H'FB7F

H'FF90

H'FFFF

DT ARV

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

\&TFJ U Uyteo)

1024 bytes

48

Figure2.16 (2) H8/3863 and H8/3823 Memory Map
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H'7FFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

AT TSIV

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

\V& VO Uyteo)

2048 bytes

Figure2.16 (3) H8/3864 and H8/3824 Memory Map
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H'OFFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

T ARV

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

\TYJIUU UytLteo)

2048 bytes

50

Figure2.16 (4) H8/3865 and H8/3825 Memory Map
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H'BFFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

T TSIV

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

\TYLJo Uyt o)

2048 bytes

Figure2.16 (5) H8/3866 and H8/3826 Memory Map
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H'EDFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

T ARSIV

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

\VYVJLO Vyteo)

2048 bytes

52

Figure2.16 (6) H8/3867 and H8/3827 Memory Map
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UdaldliolT Ul eru LU oliply d ta

The transferred datawill belost. This action may also cause the CPU to miso
Data transfer from empty areato CPU:

Unpredictable datais transferred.
. Accessto Interna 1/0O Registers:
Internal datatransfer to or from on-chip modules other than the ROM and RAM a
use of an 8-bit datawidth. If word accessis attempted to these areas, the following
occur.
Word access from CPU to 1/O register area:

Upper byte: Will be written to 1/0 register.

Lower byte: Transferred datawill be lost.
Word access from /O register to CPU:

Upper byte: Will be written to upper part of CPU register.

Lower byte: Unpredictable datawill be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring datato or from 1/O
other than the on-chip ROM and RAM areas. Figure 2.17 shows the data size and nur
states in which on-chip peripheral modules can be accessed.
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LTI TARAVE
*1
H'7FFF
Not used — — _
H'F740
LCD RAM
(32 bytes) O O 2
H'F75F
Not used — — —
H'F780
On-chip RAM 2048 bytes @) @) 2
H'FF7F*2
Not used — — —
HFFOO | 1 x O 2
nternal O redist H'FF98 to H'FF9F x @) 3
nternal registers [TTTTTTTTTTTTTTTTTTOT
(112bytes)  feeooeeieiieee x O 2
HFFABWO HFFAF | x O 3
H'FFFF x O 2

Notes: The example of the H8/3864 and H8/3824 is shown here.
1. This address is H'3FFF in the H8/3862 and H8/3822 (16-kbyte on-chip ROM), H'5FFF i
the H8/3863 and H8/3823 (24-kbyte on-chip ROM), H'9FFF in the H8/3865 and H8/382!
(40-kbyte on-chip ROM), H'BFFF in the H8/3866 and H8/3826 (48-kbyte on-chip ROM),
and H'EDFF in the H8/3867 and H8/3827 (60-kbyte on-chip ROM).
2. This address is H'FB7F in the H8/3862, H8/3822, H8/3863, and H8/3823 (1024 bytes of
on-chip RAM).

Figure2.17 Data Size and Number of Statesfor Accessto and from
On-Chip Peripheral Modules
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2 Modify Modify a designated bit in the read data

3 Write Write the altered byte data to the designated address

1. Bit manipulation in two registers assigned to the same address
Example 1: timer load register and timer counter

Figure 2.18 shows an example in which two timer registers share the same address. V/
mani pulation instruction accesses the timer load register and timer counter of areload
since these two registers share the same address, the following operations take place.

Order of Operation Operation

1 Read Timer counter data is read (one byte)

2 Modify The CPU modifies (sets or resets) the bit designated in the in
3 Write The altered byte data is written to the timer load register

The timer counter is counting, so the value read is not necessarily the same as the valt
timer load register. Asaresult, bits other than the intended bit in the timer load regist
modified to the timer counter value.

Read
Count clock —» Timer counter
i
Reload
Write
Timer load register
Internal bu

Figure2.18 Timer Configuration Example

RENESAS



gAYyl es gt it Dt ndatd Dt ndtid Dt ndtid Lt Lt

Pin state Low level High level Low level Low level Low level Low level Low leve

PCR3 0 0 1 1 1 1 1

PDR3 1 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @DR3 The BSET instruction is executed designating port

[C: After executing BSET]

P3, P3g P35 P34 P33 P3, P3:
Input/output Input Input Output Output  Output  Output  Output
Pin state Low level High level Low level Low level Low level Low level Low leve
PCR3 0 0 1 1 1 1 1
PDR3 0 1 0 0 0 0 0

[D: Explanation of how BSET operates]
When the BSET instruction is executed, first the CPU reads port 3.

Since P37 and P3g are input pins, the CPU reads the pin states (low-level and high-leve
P35 to P3y are output pins, so the CPU reads the valuein PDR3. In this example PDR:
value of H'80, but the value read by the CPU is H'40.

Next, the CPU sets bit 0 of the read datato 1, changing the PDR3 datato H'41. Finally
writes this value (H'41) to PDR3, completing execution of BSET.

Asaresult of this operation, bit 0 in PDR3 becomes 1, and P3 outputs a high-level sig
However, bits 7 and 6 of PDR3 end up with different values.

To avoid this problem, store a copy of the PDR3 datain awork areain memory. Perfo
manipulation on the data in the work area, then write this data to PDRS.
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il otalte LUV ICVEL THgiticviel LUV ICVel LUV ITVETD LUVW ICVETD LUV ICVED LUV IV

PCR3 0 0 1 1 1 1 1
PDR3 1 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @RAMD The BSET instruction is executed designating the

work area (RAMO).

[C: After executing BSET]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PDR3.
MOV. B ROL, @DR3

P37 P3g P3s P34 P33 P3, P3;
Input/output Input Input Output Output Output  Output  Output
Pin state Low level High level Low level Low level Low level Low level Low lev
PCR3 0 0 1 1 1 1 1
PDR3 1 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0
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P3, P3, P3s P3, P3; P3, P3,

Input/output Input Input Output Output  Output  Output  Output
Pin state Low level High level Low level Low level Low level Low level Low leve
PCR3 0 0 1 1 1 1 1

PDR3 1 0 0 0 0 0 0

[B: BCLR instruction executed)]

BCLR #0 , @CR3 The BCLR instruction is executed designating PCI

[C: After executing BCLR]

P3, P3, P35 P3, P3; P3, P3,

Input/output Output  Output Output Output  Output  Output  Output

Pin state Low level High level Low level Low level Low level Low level Low leve

PCR3 1 1 1 1 1 1 1

PDR3 1 0 0 0 0 0 0

[D: Explanation of how BCLR operates]

When the BCLR instruction is executed, first the CPU reads PCR3. Since PCR3isaw
register, the CPU reads a value of H'FF, even though the PCR3 value is actually H'3F.

Next, the CPU clears bit 0 in the read data to 0, changing the datato H'FE. Finally, thi
(H'FE) iswritten to PCR3 and BCLR instruction execution ends.

Asaresult of this operation, bit 0 in PCR3 becomes 0, making P3g an input port. How
and 6 in PCR3 change to 1, so that P37 and P3g change from input pins to output pins.

To avoid this problem, store a copy of the PCR3 datain awork areain memory. Perfol
manipulation on the data in the work area, then write this datato PCR3.
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il otalte LUV ICVEL THgiticviel LUV ICVel LUV ITVETD LUVW ICVETD LUV ICVED LUV IV

PCR3 0 0 1 1 1 1 1
PDR3 1 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1

[B: BCLR instruction executed)]

BCLR #0 , @AW The BCLR instruction is executed designating the

work area (RAMO).

[C: After executing BCLR]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PCRS3.
MOV. B ROL, @CR3

P37 P3g P3s P34 P33 P3, P3;
Input/output Input Input Output Output Output  Output  Output
Pin state Low level High level Low level Low level Low level Low level Low lev
PCR3 0 0 1 1 1 1 1
PDR3 1 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1
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Port data register 4* PDR4 H'FFD7

Port data register 5* PDR5 H'FFD8
Port data register 6* PDR6 H'FFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* PDRS8 H'FFDB
Port data register A* PDRA H'FFDD

Note: * Port data registers have the same addresses as input pins.

Table2.13 Registerswith Write-Only Bits

Register Name Abbreviation Address
Port control register 1 PCR1 H'FFE4
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 H'FFE7
Port control register 5 PCR5 H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCR8 H'FFEB
Port control register A PCRA H'FFED
Timer control register F TCRF H'FFB6
PWM control register PWCR H'FFDO
PWM data register U PWDRU H'FFD1
PWM data register L PWDRL H'FFD2
60
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o e —— T — R6 + R4L

*  When setting R4L and R6, make sure that the final destination address (R6 + RAL’
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during ¢
the instruction.

R5 - - R6

R5 + R4L - — R6 + RAL

Not allowed
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Priority Exception Source

Time of Start of Exception Handling

High Reset

Exception handling starts as soon as the reset state

When an interrupt is requested, exception handling -
execution of the present instruction or the exception
progress is completed

? Interrupt
Low
3.2 Reset

321 Overview

A reset is the highest-priority exception. The internal state of the CPU and the registe
chip peripheral modules areinitialized.

322 Reset Sequence

As soon asthe RES pin goes low, all processing is stopped and the chip enters the res

To make sure the chip is reset properly, observe the following precautions.

* At power on: Hold the RES pin low until the clock pulse generator output stabilize
» Resetting during operation: Hold the RES pin low for at least 10 system clock cycl

Reset exception handling takes place as follows.

« The CPU interna state and the registers of on-chip peripheral modules are initializ
| bit of the condition code register (CCR) set to 1.

* ThePC isloaded from the reset exception handling vector address (H'0000 to H'0(
which the program starts executing from the address indicated in PC.
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s}
m
w

N

Internal
address bus

Internal read
signal

Internal write
signal

Internal data

bus (16-bit) i ) ©)
(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) First instruction of program
Figure3.1 Reset Sequence
64

RENESAS



9.9 HTILS T UpLo

331 Overview

Theinterrupt sourcesinclude 13 external interrupts (IRQ4 to IRQg, WKP7 to WKP)
internal interrupts from on-chip peripheral modules. Table 3.2 shows the interrupt sou
priorities, and their vector addresses. When more than one interrupt is requested, the il
the highest priority is processed.

The interrupts have the following features:

* Internal and external interrupts can be masked by the | bitin CCR. When the | bit
interrupt request flags can be set but the interrupts are not accepted.

*  IRQy4 to IRQy and WKP; to WK Py can be set to either rising edge sensing or fallir
sensing.
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Ir\\.al4 II'\\(4 TTvvdiuv U 11 vu.iL.l
WKPq WKPq H'0012 to H'0013
WKP, WKP
WKP, WKP,
WKP3 WKP3
WKP,4 WKP 4
WKP5 WKP5
WKPg WKPg
WKP-, WKP-,
Timer A Timer A overflow 11 H'0016 to H'0017
Asynchronous Asynchronous counter 12 H'0018 to H'0019
counter overflow
Timer C Timer C overflow or 13 H'001A to H'001B
underflow
Timer FL Timer FL compare match 14 H'001C to H'001C
Timer FL overflow
Timer FH Timer FH compare match 15 H'0O01E to H'001F
Timer FH overflow
Timer G Timer G input capture 16 H'0020 to H'0021
Timer G overflow
SCI3-1 SCI3-1 transmit end 17 H'0022 to H'0023
SCI3-1 transmit data empty
SCI3-1 receive data full
SCI3-1 overrrun error
SCI3-1 framing error
SCI3-1 parity error
SCI3-2 SCI3-2 transmit end 18 H'0024 to H'0025
SCI3-2 transmit data empty
SCI3-2 receive data full
SCI3-2 overrun error
SCI3-2 framing error
SCI3-2 parity error
A/D A/D conversion end 19 H'0026 to H'0027
(SLEEP instruction Direct transfer 20 H'0028 to H'0029

executed)

Note: Vector addresses H'0002 to H'0007 and H'0014 to H'0015 are reserved and can

used.
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Interrupt enable register 2 IENR2 R/W H'00

Interrupt request register 1 IRR1 R/W* H'20
Interrupt request register 2 IRR2 R/W* H'00
Wakeup interrupt request register IWPR R/W* H'00
Wakeup edge select register WEGR R/W H'00

Note: * Write is enabled only for writing of O to clear a flag.

1. IRQ edge select register (IEGR)

Bit 7 6 5 4 3 2 1

‘ — ‘ — ‘ — ‘ IEG4 ‘ IEG3 ‘ IEG2 ‘ IEG1
Initial value 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W

IEGR is an 8-hit read/write register used to designate whether pins IRQ, to IRQg are s
edge sensing or falling edge sensing.

Bits 7 to 5: Reserved bits
Bits 7 to 5 are reserved: they are awaysread as 1 and cannot be modified.
Bit 4: IRQ4 edge select (IEG4)

Bit 4 selects the input sensing of the IRQ,4 pin and ADTRG pin.

Bit 4

IEG4 Description

0 Falling edge of IRQ, and ADTRG pin input is detected (
1 Rising edge of IRQ, and ADTRG pin input is detected
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Bit 2: IRQ- edge select (IEG2)

Bit 2 selects the input sensing of pin IRQ>.

Bit 2

IEG2 Description

0 Falling edge of IRQ, pin input is detected (i
1 Rising edge of IRQ, pin input is detected

Bit 1: IRQq edge select (IEG1)

Bit 3 selects the input sensing of the IRQ4 pin and TMIC pin.

Bit 1

IEG1 Description

0 Falling edge of IRQ; and TMIC pin input is detected (i
1 Rising edge of IRQ; and TMIC pin input is detected

Bit 0: IRQ edge select (IEGO)

Bit 0 selects the input sensing of pin IRQ.

Bit 0

IEGO Description

0 Falling edge of IRQq pin input is detected (i
1 Rising edge of IRQq pin input is detected
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Bit 7: Timer A interrupt enable (IENTA)

Bit 7 enables or disablestimer A overflow interrupt requests.

Bit 7

IENTA Description

0 Disables timer A interrupt requests
1 Enables timer A interrupt requests

Bit 6: Reserved bit
Bit 6 is areadable/writable reserved bit. Itisinitialized to O by areset.
Bit 5: Wakeup interrupt enable (IENWP)

Bit 5 enables or disables WKP; to WK Py interrupt requests.

Bit 5

IENWP Description

0 Disables WKP- to WKP interrupt requests
1 Enables WKP; to WKPg interrupt requests

Bits4to 0: IRQ4 to IRQq interrupt enable (IEN4 to IENQ)

Bits 4 to 0 enable or disable IRQ4 to IRQq interrupt requests.

Bitn

IENN Description

0 Disables interrupt requests from pin IRQn
1 Enables interrupt requests from pin IRQn
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Bit 7: Direct transfer interrupt enable (IENDT)

Bit 7 enables or disables direct transfer interrupt requests.

Bit 7

IENDT Description

0 Disables direct transfer interrupt requests (i
1 Enables direct transfer interrupt requests

Bit 6: A/D converter interrupt enable (IENAD)

Bit 6 enables or disables A/D converter interrupt requests.

Bit 6

IENAD Description

0 Disables A/D converter interrupt requests (i
1 Enables A/D converter interrupt requests

Bit 5: Reserved bit
Bit 5 is areadable/writable reserved bit. Itisinitialized to O by areset.
Bit 4: Timer G interrupt enable (IENTG)

Bit 4 enables or disables timer G input capture or overflow interrupt requests.

Bit 4

IENTG Description

0 Disables timer G interrupt requests (i
1 Enables timer G interrupt requests
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Bit 2: Timer FL interrupt enable (IENTFL)

Bit 2 enables or disables timer FL compare match and overflow interrupt requests.

Bit 2

IENTFL Description

0 Disables timer FL interrupt requests (
1 Enables timer FL interrupt requests

Bit 1: Timer C interrupt enable (IENTC)

Bit 1 enables or disables timer C overflow and underflow interrupt requests.

Bit 1

IENTC Description

0 Disables timer C interrupt requests (
1 Enables timer C interrupt requests

Bit 0: Asynchronous event counter interrupt enable (IENEC)

Bit O enables or disables asynchronous event counter interrupt requests.

Bit 0

IENEC Description

0 Disables asynchronous event counter interrupt requests (
1 Enables asynchronous event counter interrupt requests

For details of SCI3-1 and SCI3-2 interrupt control, see 6. Seria control register 3 (SC
section 10.4.2.
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IRR1 is an 8-bit read/write register, in which a corresponding flag is set to 1 when atin
IRQ4 to IRQq interrupt is requested. The flags are not cleared automatically when an in
accepted. It is necessary to write O to clear each flag.

Bit 7: Timer A interrupt request flag (IRRTA)

Bit 7

IRRTA Description

0 Clearing conditions: (i
When IRRTA =1, it is cleared by writing O

1 Setting conditions:

When the timer A counter value overflows from H'FF to H'00

Bit 6: Reserved bit

Bit 6 is areadable/writable reserved bit. Itisinitialized to O by areset.
Bit 5: Reserved bit

Bit 5isreserved; it is always read as 1 and cannot be modified.

Bits4to 0: IRQ4 to IRQq interrupt request flags (IRRI4 to IRRIO)

Bit n

IRRIN Description

0 Clearing conditions: (ir
When IRRIn = 1, it is cleared by writing O

1 Setting conditions:
When pin IRQn is designated for interrupt input and the designated signal
input
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IRR2 is an 8-bit read/write register, in which a corresponding flag is set to 1 when ad
transfer, A/D converter, Timer G, Timer FH, Timer FC, or Timer C interrupt is reque:
flags are not cleared automatically when an interrupt is accepted. It is necessary to wi
each flag.

Bit 7: Direct transfer interrupt request flag (IRRDT)

Bit 7

IRRDT Description

0 Clearing conditions: (
When IRRDT = 1, it is cleared by writing O

1 Setting conditions:
When a direct transfer is made by executing a SLEEP instruction while L
SYSCR2

Bit 6: A/D converter interrupt request flag (IRRAD)

Bit 6

IRRAD Description

0 Clearing conditions: (
When IRRAD =1, it is cleared by writing O

1 Setting conditions:

When A/D conversion is completed and ADSF is cleared to 0 in ADSR

Bit 5: Reserved bit

Bit 5 is areadable/writable reserved bit. Itisinitialized to O by areset.
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Bit 3: Timer FH interrupt request flag (IRRTFH)

Bit 3

IRRTFH Description

0 Clearing conditions: (i
When IRRTFH =1, it is cleared by writing O

1 Setting conditions:

When TCFH and OCRFH match in 8-bit timer mode, or when TCF (TCFL,
and OCRF (OCRFL, OCRFH) match in 16-bit timer mode

Bit 2: Timer FL interrupt request flag (IRRTFL)

Bit 2

IRRTFL Description

0 Clearing conditions: (i
When IRRTFL= 1, it is cleared by writing O

1 Setting conditions:

When TCFL and OCRFL match in 8-bit timer mode

Bit 1: Timer C interrupt request flag (IRRTC)

Bit 1

IRRTC Description

0 Clearing conditions: (i
When IRRTC= 1, it is cleared by writing 0

1 Setting conditions:
When the timer C counter value overflows (from H'FF to H'00) or underflo
(from H'00 to H'FF)
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6. Wakeup Interrupt Request Register (IWPR)

Bit 7 6 5 4 3 2 1
‘ IWPF7 ‘ IWPF6 ‘ IWPF5 ‘ IWPF4 ‘ IWPF3 ‘ IWPF2 ‘ IWPF1
Initial value 0 0 0 0 0 0 0

* * * * * * *

Read/Write R/W R/W R/W R/W R/W R/W R/W

Note: * Only a write of O for flag clearing is possible

IWPR is an 8-bit read/write register containing wakeup interrupt request flags. When
WKP- to WKP is designated for wakeup input and arising or falling edge isinput at
corresponding flag in IWPR isset to 1. A flag is not cleared automatically when the
corresponding interrupt is accepted. Flags must be cleared by writing O.

Bits 7 to 0: Wakeup interrupt request flags (IWPF7 to IWPFO)

Bitn

IWPFn Description

0 Clearing conditions: (
When IWPFn= 1, it is cleared by writing 0

1 Setting conditions:
When pin WKP,, is designated for wakeup input and a rising or falling ed
that pin
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WEGR isinitialized to H'00 by areset.
Bit n: WKPn edge select (WKEGSN)

Bit n selects WKPn pin input sensing.

Bit n

WKEGSnh Description

0 WKPn pin falling edge detected (i
1 WKPn pin rising edge detected

333 External Interrupts

There are 13 external interrupts: IRQ4 to IRQg and WKP7 to WKPy.
1. Interrupts WKP; to WKP,

Interrupts WK P7 to WK Py are requested by either rising or falling edge input to pins W
WKP,. When these pins are designated as pins WKP to WKPg in port mode register &
rising or falling edge is input, the corresponding bit in IWPR is set to 1, requesting an i
Recognition of wakeup interrupt requests can be disabled by clearing the IENWP bit to
IENR1. Theseinterrupts can al be masked by setting the | bitto 1 in CCR.

When WK P to WKPg interrupt exception handling isinitiated, the | bitissetto1inC
number 9 is assigned to interrupts WKP; to WKPy. All eight interrupt sources have the
vector number, so the interrupt-handling routine must discriminate the interrupt source.
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When IRQ4 to IRQg interrupt exception handling isinitiated, the | bitissetto 1in CC
numbers 8 to 4 are assigned to interrupts IRQ4 to IRQg. The order of priority isfrom |
to IRQ4 (low). Table 3.2 gives details.

334 Internal Interrupts

There are 23 internal interrupts that can be requested by the on-chip peripheral modul
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set t
Recognition of individual interrupt requests can be disabled by clearing the correspon
IENR1 or IENR2. All these interrupts can be masked by setting the | bit to 1 in CCR.
internal interrupt handling isinitiated, the | bitisset to 1 in CCR. Vector numbers fro
are assigned to these interrupts. Table 3.2 shows the order of priority of interrupts fror
peripheral modules.
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internal
interrupts

ﬁ;’ Interru
! reques

External or EiD—‘—’

0

Priority decision logic

External
interrupts or
internal
interrupt
enable
signals

18

[ CCR (CPU)

Figure3.2 Block Diagram of Interrupt Controller

Interrupt operation is described as follows.

78

When an interrupt condition is met while the interrupt enable register bit isset to 1,
interrupt request signal is sent to the interrupt controller.

When the interrupt controller receives an interrupt request, it sets the interrupt reque
From among the interrupts with interrupt request flags set to 1, the interrupt control
the interrupt request with the highest priority and holds the others pending. (Refer t
for alist of interrupt priorities.)

The interrupt controller checksthe | bit of CCR. If thel bit is0, the selected interrt
is accepted; if the | bit is 1, the interrupt request is held pending.

RENESAS



Notes.

1. When disabling interrupts by clearing bitsin an interrupt enable register, or when «
in an interrupt request register, always do so while interrupts are masked (I = 1).

2. If the above clear operations are performed while | =0, and as aresult a conflict a
the clear instruction and an interrupt request, exception processing for the interrup
executed after the clear instruction has been executed.
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No

Yes

’ PC contents saved ‘

!

’ CCR contents saved ‘
1

| -1 |
1

Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: | bit of CCR

80

Figure3.3 Flow up to Interrupt Acceptance
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Prior to start of interrupt ——————— After completion of interrupt
exception handling PC and CCR exception handling
] saved to stack
Notation:
PCy:  Upper 8 bits of program counter (PC)
PC.: Lower 8 bits of program counter (PC)
CCR: Condition code register
SP: Stack pointer

PC shows the address of the first instruction to be executed upon

return from the interrupt handling routine.
2. Register contents must always be saved and restored by word access,

starting from an even-numbered address.
* Ignored on return.

Notes: 1.

Figure3.4 Stack State after Completion of Interrupt Exception Handl

Figure 3.5 shows atypical interrupt sequence.
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Figure3.5 Interrupt Sequence
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Saving of PC and CCR to stack

Vector fetch

Instruction fetch

Internal processing

I IN A

Note: * Not including EEPMOV instruction.
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Setting an odd address in SP may cause a program to crash. An exampleis shown in fi

| PCw | SP - R1L }
SP - PCL PCL I
Pl I I
BSR instruction MOV. B R1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PCy are |
Notation:

PCy: Upper byte of program counter
PC.: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure3.6 Operation when Odd Addressis Set in SP

When CCR contents are saved to the stack during interrupt exception handling or restol
RTE is executed, this also takes place in word size. Both the upper and lower bytes of
are saved to the stack; on return, the even address contents are restored to CCR whilett
address contents are ignored.
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which interrupt request flags are set to 1 in thisway.

Table3.5

Conditions under which Interrupt Request FlagisSet to 1

Interrupt Request
Flags Set to 1

Conditions

IRR1 IRRI4 When PMR1 bit IRQ4 is changed from 0 to 1 while pin IRQg is |
bit IEG4 = 0.

When PMR1 bit IRQ4 is changed from 1 to 0 while pin IRQg is |
bit IEG4 = 1.

IRRI3 When PMR1 bit IRQ3 is changed from 0 to 1 while pin IRQz is |
bit IEG3 = 0.

When PMR1 bit IRQ3 is changed from 1 to 0 while pin IRQgz is |
bit IEG3 = 1.

IRRI2 When PMR1 bit IRQ2 is changed from 0 to 1 while pin IRQ5 is |
bit IEG2 = 0.

When PMR1 bit IRQ2 is changed from 1 to 0 while pin IRQ5 is |
bit IEG2 = 1.

IRRI1 When PMR1 bit IRQ1 is changed from 0 to 1 while pin IRQ; is |
bit IEG1 = 0.

When PMR1 bit IRQ1 is changed from 1 to 0 while pin IRQ; is |
bit IEG1 = 1.

IRRIO When PMR3 bit IRQO is changed from 0 to 1 while pin IRQq is |
bit IEGO = 0.

When PMR3 bit IRQO is changed from 1 to 0 while pin IRQq is |
bit IEGO = 1.

IWPR IWPF7 When PMR5 bit WKP7 is changed from 0 to 1 while pin WKP |
IWPF6 When PMR5 bit WKP6 is changed from 0 to 1 while pin WKPg |
IWPF5 When PMR5 bit WKP5 is changed from 0 to 1 while pin WKPs5 |
IWPF4 When PMR5 bit WKP4 is changed from 0 to 1 while pin WKP, |
IWPF3 When PMR5 bit WKP3 is changed from 0 to 1 while pin WKP3 |
IWPF2 When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP, |
IWPF1 When PMR5 bit WKP1 is changed from 0 to 1 while pin WKP |
IWPFO When PMR5 bit WKPO is changed from 0 to 1 while pin WKP |
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switched by keeping the pins at the high level so that the conditionsin table 3.5 do not

Interrupts masked. (Another pos
| CCRI bit « 1 | —————————— is to disable the relevant interrup
interrupt enable register 1.)

| Set port mode register bit |

‘ After setting the port mode regist
| 77777777 first execute at least one instruct

(e.g., NOP), then clear the interri
‘ request flag to 0

| Execute NOP instruction

| Clear interrupt request flag to 0 |

| CCR 1 bit~ 0 | ffffffffff Interrupt mask cleared

Figure3.7 Port Mode Register Setting and Interrupt Request Flag Clearing Pr
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411

Block Diagram

Figure 4.1 shows a block diagram of the clock pulse generators.

OSC1—+ System clock
oscillator

Bosc

(fosc)

System clock pulse generator

Subclock

oscillator

Subclock pulse generator

ﬂosclz |
System clock Posc/128/— 2
divider (1/2) System  |Zosc/64_ o —
clock :zJOSC/32= ! Prescaler ¢
divider Bosc/16 | | (13 bits)
w2
Subclock QWM >
divider gw/g -— > ZsuB
(1/2, 1/4, 1/8)| W -
Prescaler V!
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (5 bits)

Figure4.1 Block Diagram of Clock Pulse Generators

41.2

System Clock and Subclock

The basic clock signals that drive the CPU and on-chip peripheral modules are g and ¢
of the clock signals have names: gis the system clock, ggyp is the subclock, gosc ist
clock, and gyy isthe watch clock.

The clock signals available for use by peripheral modules are @/2, @/4, 9/8, @/16, @/32,
21256, 21512, 211024, o/2048, /4096, 918192, &\, Gw/2, Bw/4, ow/8, Bw/16, o\ /32,
2w/128. The clock requirements differ from one module to another.
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Rt =1 MQ +20%

C1
0SCq )—7)7
Ry [
0SC» }_77‘7 Frequency
C

Cl! CZ
Crystal Recommendation
oscillator  [value Prodt
1.0 MHz NDK 27 pF £10% NR-1
4.0 MHz NDK 12 pF £20% NR-1

Figure4.2 Typical Connection to Crystal Oscillator

Figure 4.3 shows the equivalent circuit of a crystal oscillator. An oscillator having the

characteristics given in table 4.1 should be used.

0SC; =4

> OS(

Figure4.3 Equivalent Circuit of Crystal Oscillator

Table4.1 Crystal Oscillator Parameters

Frequency (MHz) 1 4.193
RS max () 40 100
Co (pF) 3.5 pF max 16 pF
88

RENESAS



! ! ! - !
4.0 MHz Murata 30 pF £10% CS/

Figure4.4 Typical Connection to Ceramic Oscillator
3. Noteson board design

When generating clock pulses by connecting acrystal or ceramic oscillator, pay carefi
to the following points.

Avoid running signal lines close to the oscillator circuit, since the oscillator may be ac
affected by induction currents. (Seefigure4.5.)

The board should be designed so that the oscillator and load capacitors are located as
possible to pins OSC; and OSC,.

— Signal A Signal B

0SC,

7)7 | ——— 0SC;

Figure4.5 Board Design of Oscillator Circuit
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Figure4.6 External Clock Input (Example)

Frequency Oscillator Clock (gposc)
Duty cycle 45% to 55%

Note: The circuit parameters above are recommended by the crystal or ceramic oscill
manufacturer.
The circuit parameters are affected by the crystal or ceramic oscillator and floa
capacitance when designing the board. When using the oscillator, consult with
or ceramic oscillator manufacturer to determine the circuit parameters.
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C1 _ _
X1 T' }_77|7 C, =C, =15pF (typ.)
]

Frequency | Crystal oscillator Products |
X2 % }—77|7 32.768 kHz | NDK MX73P
C

38.4 kHz Seiko Instrument Inc. | VTC-200

Figure4.7 Typical Connection to 32.768-kHz/38.4 kHz Crystal Oscillator (S

Figure 4.8 shows the equivalent circuit of the 32.768-kHz/38.4 kHz crystal oscillator.

7000 ||
Ls Rs

X1 =—1 = X

Co Co =1.5pFtyp
Rs =14 kQ typ
fw = 32.768 kHz/38.4kHz

Figure4.8 Equivalent Circuit of 32.768-kHz/38.4 kHz Crystal Oscillat
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X2 ———  Open

Figure4.9 Pin Connection when not Using Subclock
3. External clock input

Connect the external clock to the X1 pin and leave the X2 pin open, as shown in figure

? Vcc
X1

External clock in

X2 ———————— Open

Figure4.10 Pin Connection when Inputting External Clock

Frequency Subclock (gw)
Duty 45% to 55%
92
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Prescaler Sisa13-bit counter using the system clock (@) asitsinput clock. Itisincre
per clock period.

Prescaler Sisinitialized to H'0000 by areset, and starts counting on exit from the rese

In standby mode, watch mode, subactive mode, and subsleep mode, the system clock |
generator stops. Prescaler S also stops and isinitialized to H'0000.

The CPU cannot read or write prescaler S.

The output from prescaler Sis shared by timer A, timer C, timer F, timer G, SCI3-1, €
A/D converter, the LCD controller, the watchdog timer, and the 14-bit PWM. The di\
can be set separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis gosc/16, gosc/32, gos
20sc/128.

2. Prescaler W (PSW)

Prescaler W is a5-bit counter using a 32.768 kHz/38.4 kHz signa divided by 4 (/4
clock.

Prescaler W isinitialized to H'00 by areset, and starts counting on exit from the reset

Even in standby mode, watch mode, subactive mode, or subsleep mode, prescaler W ¢
functioning so long as clock signals are supplied to pins X1 and X2.

Prescaler W can be reset by setting 1sin bits TMA3 and TMAZ2 of timer mode registe

Output from prescaler W can be used to drive timer A, in which case timer A functior
base for timekeeping.
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lableo.l  Operating ivioaes

Operating Mode

Description

Active (high-speed) mode

The CPU and all on-chip peripheral functions are |
the system clock in high-speed operation

Active (medium-speed) mode

The CPU and all on-chip peripheral functions are |
the system clock in low-speed operation

Subactive mode

The CPU is operable on the subclock in low-spee

Sleep (high-speed) mode

The CPU halts. On-chip peripheral functions are ¢
the system clock

Sleep (medium-speed) mode

The CPU halts. On-chip peripheral functions opel
frequency of 1/64, 1/32, 1/16, or 1/8 of the system
frequency

Subsleep mode

The CPU halts. The time-base function of timer A,
timer G, timer F,WDT, SCI3-1, SCI3-2, AEC and L
controller/driver are operable on the subclock

Watch mode

The CPU halts. The time-base function of timer A,
timer G, AEC and LCD controller/driver are operal
subclock

Standby mode

The CPU and all on-chip peripheral functions halt

Module standby mode

Individual on-chip peripheral functions specified b
enter standby mode and halt

Of these nine operating modes, all but the active (high-speed) mode are power-down |
this section the two active modes (high-speed and medium speed) will be referred to c

as active mode.
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Standby
mode

SLEEP _
instructionf
instruction™9

Active

Sleep

(medium-speed) |
mode

-

A

*i

SLEEP
instruction™
SLEEP

instruction

4

Mode Transition Conditions (1)

Subactive

(medium-speed
mode

mode

Subsleep
mode

C} Power-down mc

Mode Transition Conditions (2)

Interrupt Sources

LSON MSON SSBY TMA3 DTON
a 0 0 0 O 0
b 0 1 0 O 0
c 1 O 0 1 0
d 0 O 1 0 0
e 0 O 1 1 0
f 0 0 0 O 1
g 0 1 0 O 1
h 0 1 1 1 1
i 1 O 1 1 1
J 0 0 1 1 1
* . Don'’t care
Notes: 1.

1 Timer A, Timer F, Timer G interrupt, IRG

WKP- to WKP, interrupts

2 Timer A, Timer C, Timer F, Timer G, SCI

3 All interrupts

SCI3-2 interrupt, IRQ, to IRQ interrupts,
WKP- to WKP, interrupts, AEC

IRQ, or IRQy interrupt, WKP to WKP ir

A transition between different modes cannot be made to occur simply because an interrup

request is generated. Make sure that interrupt handling is performed after the interrupt is

accepted.

2. Details on the mode transition conditions are given in the explanations of each mode,

in sections 5-2 through 5-8.
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Figure5.1 Mode Transition Diagram
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1/0O ports

External  IRQ, Functions Functions Functions Functions Functions  Functions  Function
interrupts  IRQ, Retained"®
IRQ,
IRQ,
IRQ,
WKP, Functions Functions Functions Functions Functions  Functions  Function
WKP,
WKP,
WKP,
WKP,,
WKP,
WKPg
WKP,
Peripheral Timer A Functions Functions Functions Functions Functions™ Functions™ Function:
functions  Asynchronous Functions™ Functions  Function:
counter
Timer C Retained Functions/  Function:
Retained”  Retained
WDT Functions/  Retained
Retained"”’
Timer G, Functions/ Functions/  Function:
Timer F Retained’® Retained® Retained
SCI3-1 Reset Functions/  Function:
Retained"®
SCI3-2
PWM Retained Retained Retained
AID converter Retained Retained Retained
LCD Functions/  Functions/  Function:
Retained® Retained” Retained
Notes: 1. Register contents are retained, but output is high-impedance state.
2. Functions if an external clock or the g,,/4 internal clock is selected; otherwise halted and retaine
3. Functions if @,,/2 is selected as the internal clock; otherwise halted and retained.
4. Functions if gy, @,,/2 or @,,/4 is selected as the operating clock; otherwise halted and retained.
5. Functions if the timekeeping time-base function is selected.
6. External interrupt requests are ignored. Interrupt request register contents are not altered.
7. Functions if @,,,/32 is selected as the internal clock; otherwise halted and retained.
8. Incrementing is possible, but interrupt generation is not.
9. Functions if an external clock or the g,,/4 internal clock is selected; otherwise halted and retaine
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1. System control register 1 (SY SCR1)

Bit 7 6 5 4 3 2 1

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ MA1 ‘
Initial value 0 0 0 0 0 1 1
Read/Write R/W R/W R/W R/W R/W — R/W

SYSCR1 is an 8-bit read/write register for control of the power-down modes.
Upon reset, SY SCR1 isinitialized to H'07.
Bit 7: Software standby (SSBY)

This bit designates transition to standby mode or watch mode.

Bit 7
SSBY Description
0 « When a SLEEP instruction is executed in active mode, (i
a transition is made to sleep mode
*« When a SLEEP instruction is executed in subactive mode, a transition
subsleep mode
1 « When a SLEEP instruction is executed in active mode, a transition is n
standby mode or watch mode
* When a SLEEP instruction is executed in subactive mode, a transition
watch mode
98
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0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 32,768 states

0 1 1 Wait time = 65,536 states

1 0 0 Wait time = 131,072 states

1 0 1 Wait time = 2 states (External
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

Note: In the case that external clock is input, set up the “Standby timer select” selecti
External clock mode before Mode Transition. Also, do not set up to external clc
the case that it does not use external clock.

Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (@) or subclock (ggyg) asthe CPU operating clock \
mode is cleared. The resulting operation mode depends on the combination of other ¢
and interrupt input.

Bit 3

LSON Description

0 The CPU operates on the system clock (@) (
1 The CPU operates on the subclock (aSUB)

Bits 2: Reserved hits

Bit 2 isreserved: it is always read as 1 and cannot be modified.
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Y 1 Boscl o2

1 0 Bosc/64

1 1 Bos/128 (i

2. System control register 2 (SY SCR2)

Bit 7 6 5 4 3 2 1

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘
Initial value 1 1 1 1 0 0 0
Read/Write — — — R/W R/W R/W R/W

SY SCR2 is an 8-bit read/write register for power-down mode control.
Bits 7 to 5: Reserved hits

These hits are reserved; they are always read as 1, and cannot be modified.
Bit 4: Noise elimination sampling frequency select (NESEL)

This hit selects the frequency at which the watch clock signal (@) generated by the sul
pulse generator is sampled, in relation to the oscillator clock (8psc) generated by the s)
pulse generator. When gpogc = 2to 6 MHz, clear NESEL to 0.

Bit 4

NESEL Description

0 Sampling rate is @ogc/16

1 Sampling rate is gggc/4 (i
100
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a transition is made to standby mode, watch mode, or sleep mode
« When a SLEEP instruction is executed in subactive mode, a transitio
watch mode or subsleep mode

1 * When a SLEEP instruction is executed in active (high-speed) mode,
transition is made to active (medium-speed) mode if SSBY = 0, MSO
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON -

¢ When a SLEEP instruction is executed in active (medium-speed) mo
transition is made to active (high-speed) mode if SSBY = 0, MSON =
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON -

« When a SLEEP instruction is executed in subactive mode, a direct tre
made to active (high-speed) mode if SSBY =1, TMA3 =1, LSON =(
=0, orto active (medium-speed) mode if SSBY =1, TMA3 =1, LSO
MSON =1

Bit 2: Medium speed on flag (MSON)

After standby, watch, or sleep mode is cleared, this bit selects active (high-speed) or ¢
(medium-speed) mode.

Bit 2

MSON Description

0 Operation in active (high-speed) mode (
1 Operation in active (medium-speed) mode
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functions. CPU register contents are retained.
2. Transition to sleep (medium-speed) mode

The system goes from active mode to sleep (medium-speed) mode when a SLEEP ins
executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON bit |
issetto 1, and the DTON hit in SYSCR2 is cleared to 0. In sleep (medium-speed) mo
sleep (high-speed) mode, CPU operation is halted but the on-chip peripheral function:s
operational. The clock frequency in sleep (medium-speed) mode is determined by the
MAO bitsin SYSCR1. CPU register contents are retained.

Furthermore, it sometimes acts with half state early timing at the time of transition to .
(medium-speed) mode.

522 Clearing Sleep M ode

Sleep mode is cleared by any interrupt (timer A, timer C, timer F, timer G, asynchron
IRQ4 to IRQy, WKP7 to WKPy, SCI3-1, SCI3-2, A/D converter, or), or by input at the

 Clearing by interrupt

When an interrupt is requested, sleep mode is cleared and interrupt exception handlin
transition is made from sleep (high-speed) mode to active (high-speed) mode, or from
(medium-speed) mode to active (medium-speed) mode. Sleep modeis not cleared if t
condition code register (CCR) is set to 1 or the particular interrupt is disabled in their
enable register.

Interrupt signal and system clock are mutually asynchronous. Synchronization error t
maximum is 2/ (s).

» Clearing by RES input

When the RES pin goes low, the CPU goes into the reset state and sleep mode is clear
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The system goes from active mode to standby mode when a SLEEP instruction is exect
the SSBY hitin SYSCR1isset to 1, the LSON bit in SYSCR1 is cleared to 0, and bit T
TMA iscleared to 0. In standby mode the clock pul se generator stops, so the CPU and
peripheral modules stop functioning, but aslong as the rated voltage is supplied, the co
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retaine
RAM contents will be further retained down to aminimum RAM data retention voltage
ports go to the high-impedance state.

532 Clearing Standby Mode

Standby mode is cleared by an interrupt (IRQ; or IRQg), WKP7 to WKP, or by input a
pin.

 Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After thetime:
STS2to STS0in SY SCR1 has elapsed, a stable system clock signal is supplied to the e
standby mode is cleared, and interrupt exception handling starts. Operation resumesin
(high-speed) modeif MSON = 0 in SY SCR2, or active (medium-speed) mode if M SOl
Standby mode is not cleared if the | bit of CCR is set to 1 or the particular interrupt is
the interrupt enable register.

» Clearing by RES input

When the RES pin goes low, the system clock pulse generator starts. After the pulse g
output has stabilized, if the RES pin is driven high, the CPU starts reset exception hanc
system clock signals are supplied to the entire chip as soon as the system clock pulse g
starts functioning, the RES pin should be kept at the low level until the pulse generator
stabilizes.
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STS2 STS1 STSO Waiting Time 2 MHz 1 MHz

0 0 0 8,192 states 4.1 8.2

0 0 1 16,384 states 8.2 16.4

0 1 0 32,768 states 16.4 32.8

0 1 1 65,536 states 32.8 65.5

1 0 0 131,072 states 65.5 131.1

1 0 1 2 states 0.001 0.002
(Use prohibited)

1 1 0 8 states 0.004 0.008

1 1 1 16 states 0.008 0.016

* When an external clock isused

STS2=1,STS1=0, and STSO = 1 should be set. Other values possible use, but CPU
will start operation before waiting time completion.

RENESAS



Internal data bus

Pins

BN T N O A N

><SLEEP instruction fetch ><Fetch of next instruction ><

SLEEP instruction execution Internal prbcessing
Port output >< High-im
Active (high-speed) mode or active (medium-speed) mode . Standby
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Figure5.2 Standby Mode Transition and Pin States
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Aslong as aminimum required voltage is applied, the contents of CPU registers, the «
RAM and some registers of the on-chip peripheral modules, are retained. 1/0 ports ke
states as before the transition.

54.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, timer F, timer G, IRQg, or WKP7 to \
input at the RES pin.

» Clearing by interrupt

When watch mode is cleared by interrupt, the mode to which a transition is made dept
settings of LSON in SY SCR1 and MSON in SY SCR2. If both LSON and MSON are
transition isto active (high-speed) mode; if LSON = 0 and MSON = 1, transition isto
(medium-speed) mode; if LSON = 1, transition is to subactive mode. When the transit
active mode, after thetime set in SY SCRL1 bits STS2 to STS0 has elapsed, a stable clc
supplied to the entire chip, watch mode is cleared, and interrupt exception handling st
mode is not cleared if the | bit of CCR isset to 1 or the particular interrupt is disabled
interrupt enable register.

» Clearing by RES input

Clearing by RES pinisthe same as for standby mode; see 2. Clearing by RES pinin &
Clearing Standby Mode.

54.3 Oscillator Settling Time after Watch Modeis Cleared

The waiting time is the same as for standby mode; see 5.3.3, Oscillator Settling Time
Standby Mode is Cleared.
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areretained. 1/0 ports keep the same states as before the transition.

55.2 Clearing Subsleep M ode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer F, timer G, asynchror
counter, SCI3-2, SCI3-1, IRQ4 to IRQg, WKP; to WKPy) or by alow input at the RES

« Clearing by interrupt

When an interrupt is requested, subsleep mode is cleared and interrupt exception handli
Subsleep mode is not cleared if the | bit of CCR is set to 1 or the particular interrupt is
the interrupt enable register.

Interrupt signal and system clock are mutually asynchronous. Synchronization error tir
maximum is 2/a (s).

e Clearing by RES input

Clearing by RES pin is the same as for standby mode; see 2. Clearing by RES pinin 5.
Clearing Standby Mode.
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does not take place It the | DIt or CLR IS SeEt 10 1 or the partiCular Interrupt 1S disaniea
interrupt enable register.

5.6.2 Clearing Subactive M ode
Subactive modeis cleared by a SLEEP instruction or by alow input at the RES pin.
» Clearing by SLEEP instruction

If a SLEEP instruction is executed while the SSBY bit in SYSCR1isset to1and TM
TMA isset to 1, subactive modeis cleared and watch mode is entered. If aSLEEP in
executed while SSBY =0and LSON =1in SYSCR1 and TMA3=1in TMA, subsle
entered. Direct transfer to active mode is also possible; see 5.8, Direct Transfer, beloy

+ Clearing by RES pin

Clearing by RES pinis the same as for standby mode; see 2. Clearing by RES pinin £
Clearing Standby Mode.

5.6.3 Operating Frequency in Subactive M ode

The operating frequency in subactive modeis set in bits SA1 and SA0in SYSCR2. T
are gw/2, aw/4, and oy/8.
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transtion 1o active (medium-speed) mode does Not take place 1T the | DIt or CUR IS Set
particular interrupt is disabled in the interrupt enable register.

Furthermore, it sometimes acts with half state early timing at the time of transition to a
(medium-speed) mode.

57.2 Clearing Active (M edium-Speed) Mode
Active (medium-speed) mode is cleared by a SLEEP instruction.

e Clearing by SLEEP instruction

A transition to standby mode takes place if the SLEEP instruction is executed while the
in SYSCR1issetto 1, the LSON bit in SYSCR1 iscleared to 0, and the TMA3 bitin T
cleared to 0. The system goes to watch mode if the SSBY hit in SYSCR1 is set to 1 anc
in TMA isset to 1 when a SLEEP instruction is executed.

When both SSBY and LSON are cleared to 0 in SY SCR1 and a SLEEP instructionis e
sleep mode is entered. Direct transfer to active (high-speed) mode or to subactive mode
possible. See 5.8, Direct Transfer, below for details.

» Clearing by RES pin

When the RES pin isdriven low, atransition is made to the reset state and active (medi
modeis cleared.

573 Operating Frequency in Active (M edium-Speed) M ode

Operation in active (medium-speed) mode is clocked at the frequency designated by th
MAO bitsin SYSCRL1.
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If the direct transfer interrupt is disabled in interrupt enable register 2, atransitionisn
to deep mode or watch mode. Notethat if adirect transition is attempted while the | |
set to 1, sleep mode or watch mode will be entered, and it will be impossible to clear t
mode by means of an interrupt.

« Direct transfer from active (high-speed) mode to active (medium-speed) mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY &
bitsin SYSCR1 are cleared to 0, the MSON bit in SY SCR2 is set to 1, and the DTON
SYSCR2 is set to 1, atransition is made to active (medium-speed) mode via sleep mo

« Direct transfer from active (medium-speed) mode to active (high-speed) mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSB
LSON bitsin SY SCR1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, anc
bitin SYSCR2 isset to 1, atransition is made to active (high-speed) mode viasleep n

* Direct transfer from active (high-speed) mode to subactive mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY &
bitsin SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 hit i
to 1, atransition is made to subactive mode via watch mode.

« Direct transfer from subactive mode to active (high-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SY S
1, the LSON bit in SYSCRL1 iscleared to 0, the MSON bit in SYSCR2 iscleared to O,
bitin SYSCR2issetto 1, and the TMA3 bitin TMA isset to 1, atransition is made d
active (high-speed) mode via watch mode after the waiting time set in SY SCR1 bits S
has el apsed.

RENESAS



SYSCR2isset to 1, and the TMA3 bit in TMA isset to 1, atransition is made directly
(medium-speed) mode via watch mode after the waiting time set in SY SCR1 bits STS2
has el apsed.

582 Direct Transition Times
1. Timefor direct transition from active (high-speed) mode to active (medium-speed)

A direct transition from active (high-speed) mode to active (medium-speed) mode is pe
executing a SLEEP instruction in active (high-speed) mode while bits SSBY and L SOl
cleared to 0 in SY SCR1, and bits MSON and DTON are both set to 1 in SYSCR2. The
execution of the SLEEP instruction to the end of interrupt exception handling (the direx
time) is given by equation (1) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number
processing states) } x (tcyc before transition) + (number of int
exception handling execution states) x (tcyc after transition)

Example: Direct transition time = (2 + 1) x 2tosc + 14 x 16tosc = 230tosc (when @/8 i
as the CPU operating clock)

Notation:
tosc: OSC clock cycle time
tcyc: System clock (@) cycletime
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exception handling execution states) x (tcyc after transition)

Example: Direct transition time = (2 + 1) x 16tosc + 14 x 2tosc = 76tosc (when /8 i
the CPU operating clock)

Notation:
tosc: OSC clock cycletime
tcyc: System clock (@) cycletime

3. Timefor direct transition from subactive mode to active (high-speed) mode

A direct transition from subactive mode to active (high-speed) mode is performed by
SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON is clea
SYSCRL, bit MSON iscleared to 0 and bit DTON isset to 1 in SY SCR2, and bit TM.
in TMA. Thetime from execution of the SLEEP instruction to the end of interrupt ex
handling (the direct transition time) is given by equation (3) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number
processing states) } x (tsubcyc before transition) + { (wait tir
STS2 to STSO) + (number of interrupt exception handling ex
states) } x (tcyc after transition) L.

Example: Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 2tosc = 24tw + 1641
ow/8 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:
tosc: OSC clock cycletime
tw: Watch clock cycletime

teyc: System clock () cycle time
tsubcyc: Subclock (#SUB) cycle time
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STS2 to STSO) + (number of interrupt exception handling exe
states) } x (tcyc after transition) L.

Example: Direct transitiontime = (2 + 1) x 8tw + (8192 + 14) x 16tosc = 24tw + 1312
(when ow/8 or 28 is selected as the CPU operating clock, and wait time = 8:

Notation:
tosc: OSC clock cycle time
tw: Watch clock cycletime

teyc: System clock (@) cycle time
tsubcyc: Subclock (8SUB) cycle time
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Module standby modeis set for a particular module by setting the corresponding bit tc
stop register 1 (CKSTPRL1) or clock stop register 2 (CKSTPR2). (Seetable5.5.)

5.9.2 Clearing Module Standby Mode

Module standby mode is cleared for a particular module by setting the corresponding |
clock stop register 1 (CKSTPR1) or clock stop register 2 (CKSTPR2). (Seetable5.5.

Following areset, clock stop register 1 (CKSTPR1) and clock stop register 2 (CKSTF

initialized to H'FF.
Table5.5

Register Name Bit Name

Operation

CKSTPR1 TACKSTP

Timer A module standby mode is clearec

Timer A is set to module standby mode

TCCKSTP

Timer C module standby mode is clearec

Timer C is set to module standby mode

TFCKSTP

Timer F module standby mode is clearec

Timer F is set to module standby mode

TGCKSTP

Timer G module standby mode is clearec

Timer G is set to module standby mode

ADCKSTP

A/D converter module standby mode is c

A/D converter is set to module standby n

S32CKSTP

SCI3-2 module standby mode is cleared

SCI3-2 is set to module standby mode

S31CKSTP

SCI3-1 module standby mode is cleared

O|r ||| O|FRP|O|FP|OC|FP|O|F|OC|PF

SCI3-1 is set to module standby mode
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0 Watchdog timer is set to module standby 1

AECKSTP 1 Asynchronous event counter module stan
is cleared
0 Asynchronous event counter is set to mod
mode

Note: For details of module operation, see the sections on the individual modules.
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byte data and word data. The H8/3867 and H8/3827 have aZTAT™ version with 60-|
PROM.

6.1.1 Block Diagram

Figure 6.1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

[ ] ]

Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001
H'0002 H'0002 H'0003
A
\—/
On-chip ROM
H'7FFE H'7FFE H'7FFF
Even-numbered Odd-numbered
address address

Figure6.1 ROM Block Diagram (H8/3864 and H8/3824)
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Table6.1 Settingto PROM Mode

Pin Name Setting
TEST High level
PB4/AN, Low level
PB5/AN5

PBg/ANg High level

6.2.2 Socket Adapter Pin Arrangement and Memory Map

A standard PROM programmer can be used to program the PROM. A socket adapter i
for conversion to 32 pins, aslisted in table 6.2.

Figure 6.2 shows the pin-to-pin wiring of the socket adapter. Figure 6.3 shows a memc

Table 6.2 Socket Adapter

Package Socket Adapters (Manufacturer)
80-pin (FP-80B) ME3867ESFS1H (MINATO)
H7386BQ080D3201 (DATA-I/O)
80-pin (FP-80A) ME3867ESHS1H (MINATO)
H7386AQ080D3201 (DATA-I/O)
80-pin (TFP-80C) ME3867ESNS1H (MINATO)

H7386CT080D3201 (DATA-I/O)

118
RENESAS



ol o9 06 [
52 54 P67 EO~
68 70 P87 EAo
67 69 P86 EA1
66 68 P8s EA2
65 67 P84 EA3
64 66 P83 EA4
63 65 P82 EAs
62 64 P81 EAs
61 63 P8o EA7
53 55 P70 EAs
72 74 P43 EA9
55 57 P72 EA10
56 58 P73 EA11
57 59 P74 EA12
58 60 P7s EA13
59 61 P76 EA14
14 16 P14 EA1s
15 17 P1s EA1s
60 62 P77 CE
54 56 P71 OE
13 15 Pls PGM
32,26 34, 28 Vce, CVee Vce
73 75 AVce
10 TEST
5 X1
80 2 PBs
11 13 P11
12 14 P12
16 18 Pls
5,27 7,29 Vss Vss
2 4 AVss
78 80 PB4
79 1 PBs

Note: Pins not indicated in the figure should be left open.

Figure6.2 Socket Adapter Pin Correspondence (with HN27C101)
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On-chip PROM

H'EDFF 1 H'EDFF

Uninstalled area*
C e L LR EL RN & == ==

Note: * The output data is not guaranteed if this address area is read in PROM mo
fore, when programming with a PROM programmer, be sure to specify add
H'0000 to H'EDFF. If programming is inadvertently performed from H'EEO(
may not be possible to continue PROM programming and verification.
When programming, H'FF should be set as the data in this address area
H'1FFFF).

Figure6.3 HB8/3867 and H8/3827 Memory Map in PROM Mode
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Write L H L Vpp Vee Data input Ad
Verify L L H Vpp Vee Data output Ad(
Programming L L L Vpp Vee High impedance  Ad
disabled L H H

H L L

H H H
Notation
L: Low level

H: High level
Vpp: Vpp level
VCC: VCC level

The specifications for writing and reading are identical to those for the standard HN2:
EPROM. However, page programming is not supported, and so page programming m
be set. A PROM programmer that only supports page programming mode cannot be t
selecting a PROM programmer, ensure that it supports high-speed, high-reliability by
programming. Also, be sure to specify addresses from H'0000 to H'EDFF.

6.3.1 Writing and Verifying

An efficient, high-speed, high-reliability method is available for writing and verifying
data. This method achieves high speed without voltage stress on the device and withol
the reliability of written data. The basic flow of this high-speed, high-reliability progr:
method is shown in figure 6.4.
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| Write time tpyy, = 0.2 ms = 5%

| Address +1 - ad

| Write time topy = 3n ms |

No

Last address?

Set read mode
Vee =5.0V£0.25V, Vpp = Ve

Read all
addresses?

Figure6.4 High-Speed, High-Reliability Programming Flow Chart
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Input low- EO; to EOQq, EAjg to EAg VL -0.3 0.8 \%

level voltage OE, CE, PGM

Output hlgh' EO7 to EOO VOH 2.4 — \Y |o
level voltage

Output low-  EO; to EOg VoL — 0.45 \Y, lo
level voltage

Input leakage EO- iEOo, EAi to EAg |ILy| — 2 LA VY,
current OE, CE, PGM 0.
V¢ current lcc — 40 mA

Vpp current Ipp — 40 mA
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SorEm el = e mE e = A el |

Data hold time toH 2 — — us
Data output disable time tpr — — 130 ns
Vpp setup time typs 2 — — ps
Programming pulse width tpw 0.19 0.20 0.21 ms
PGM pulse width for overwrite  topy'>  0.19  — 525 ms
programming

CE setup time tces 2 — — us
Ve setup time tvcs 2 — — Us
Data output delay time tog 0 — 200 ns

Notes: 1. Input pulse level: 0.45Vto 2.2V
Input rise time/fall time 20 ns
Timing reference levels Input: 0.8V, 2.0V
Output: 0.8V, 2.0V

2. tpgis defined at the point at which the output is floating and the output level
read.

3. topw is defined by the value given in figure 6.4, High-Speed, High-Reliability
Programming Flow Chart.
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tbs

toH

Vpp
Vpp
Vce tves
Vectt
Vcc
Vcc tves
CE
tces
PGM Z(
tpw toes toe
OE 7
topw* /
Note: * topw is defined by the value shown in figure 6.4, High-Speed, High-Reliability Programn

Figure6.5 PROM Write/Verify Timing
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¢ Make sure the Index marks on the PROM programmer SocKet, Socket adapter, and C
properly aligned. If they are not, the chip may be destroyed by excessive current flo
programming, be sure that the chip is properly mounted in the PROM programmer.

» Avoid touching the socket adapter or chip while programming, since this may cause
faults and write errors.

» Take care when setting the programming mode, as page programming is not suppor

*  When programming with a PROM programmer, be sure to specify addresses from t
H'EDFF. If programming isinadvertently performed from H'EEOO onward, it may
possible to continue PROM programming and verification. When programming, H
be set as the datain address area H'EEQO to H'1FFFF.
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Program chip and verify
programmed data

Bake chip for 24 to 48 hours at
125°C to 150°C with power off

Read and check program

( Install )

Figure6.6 Recommended Screening Procedure

If aseries of programming errors occurs while the same PROM programmer isin use,
programming and check the PROM programmer and socket adapter for defects. Plea:
Hitachi of any abnormal conditions noted during or after programming or in screening
data after high-temperature baking.
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711 Block Diagram

Figure 7.1 shows ablock diagram of the on-chip RAM.

Internal data bus (upper 8 bhits)

(] (]

Internal data bus (lower 8 bits)

H'F780 H'F780 H'F781
H'F782 H'F782 H'F783
| —
R e —
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure7.1 RAM Block Diagram (H8/3864 and H8/3824)
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register (FUR) TOr Storing output data.  fnput Or output Can be assigned 1o 1Individua D
See 2.9.2, Notes on Bit Manipulation, for information on executing bit-manipulation i

to write datain PCR or PDR.

Ports 5, 6, 7, 8, and A are also used as liquid crystal display segment and common pin

in 8-bit units.

Block diagrams of each port are given in Appendix C, 1/0 Port Block Diagrams.

Table8.1 Port Functions

F
S
Port Description Pins Other Functions R
Portl « 8-bit 1/O port P1;to P1g/ External interrupts 3to 1 P
. . ) IRQ; to IRQy/ Timer event interrupts T
MOS input pull-up v 2 e TMIF, TMIC T
option
P1,/IRQ4/ADTRG External interrupt 4 and A/ID F
converter external trigger
P13/TMIG Timer G input capture input P
P1,, P14/ Timer F output compare F
TMOFH, TMOFL output
P1y/TMOW Timer A clock output F
Port3 « 8-bit I/O port P3,/AEVL SCI3-1 data output (TXD3;), F
. . ) P3¢/AEVH data input (RXD31), clock S
MO_S input pull-up P35/TXD3q input/output (SCKgz,), and S
option P34/RXD3q asynchronous counter event
e Large-current port P33/SCK3q inputs AEVL, AEVH
P3,/RESO Reset output, timer C count- F
P3,/UD up/down select input, and 14-
P3¢/PWM bit PWM output
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8-bit 1/0 port Po7 10 Pog/ VWakeup Input (VWKF7 to \
. i WKP; to WKPy/  WKPy), segment output LF
MOS inputpullup o s 0 SEG,  (SEGg to SEGy)
option
Port 6 8-hit I/O port P6; to P6y/ Segment output (SEG¢ to LF
MOS input pull-up SEGy6 10 SEGo SEGe)
option
Port 7 8-hit I/O port P7,to P7¢o/ Segment output (SEG,, to LF
SEGz4 to SEG17 SEG]_7)
Port 8 8-bit 1/0 port P8,/SEG3,/CL, Segment output LF
P8¢/SEG3,/CL, (SEG3; to SEG5)
P85/SEG37/DO Segment external expansion
P84/SEG9/M latch clock (CL,),
P83 to P8¢/ shift clock (CLy),
SEG,g to SEG,5  display data (DO),
alternation signal (M)
Port A 4-bit I/O port PA3 to PAg/ Common output (COM, to LF
COM4,4 to COM4 COM,)
Port B 8-bit input port PB; to PBg/ A/D converter analog input AN
ANz to ANg
132
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<-— P14/IRQ,
<= P1:/IRQ,/TMIC

Port1 | = P1,4/IRQ4/ADTRG
- P13/TMIG
< P1,/TMOFH

<= P1,/TMOFL
- P1,/TMOW

Figure8.1 Port 1 Pin Configuration

8.2.2 Register Configuration and Description
Table 8.2 shows the port 1 register configuration.

Table8.2 Port1Registers

Name Abbrev. R/W Initial Value
Port data register 1 PDR1 R/W H'00
Port control register 1 PCR1 w H'00
Port pull-up control register 1 PUCR1 R/W H'00
Port mode register 1 PMR1 R/W H'00

RENESAS



MitodiC oCL LU 4L, UIT VA UCO SLIUICU TTT FURL A T 1Cad, 1TSyd Ultoo Ul UIT acltud Pl olalto.

read while PCR1 bits are cleared to O, the pin states are read.
Upon reset, PDR1 isinitialized to H'00.

2. Port control register 1 (PCR1)

Bit 7 6 5 4 3 2 1

‘ PCR1y ‘ PCR14 ‘ PCR1s ‘ PCR14 ‘ PCR13 ‘ PCR1, ‘ PCR1; ‘
Initial value 0 0 0 0 0 0 0
Read/Write w w W w w w w

PCRL1 is an 8-hit register for controlling whether each of the port 1 pins P17 to P1g func
input pin or output pin. Setting a PCR1 bit to 1 makes the corresponding pin an output
clearing the bit to 0 makes the pin an input pin. The settingsin PCR1 and in PDR1 are
when the corresponding pin is designated in PMR1 as ageneral 1/0 pin.

Upon reset, PCR1 isinitialized to H'00.

PCR1 isawrite-only register, which isalwaysread asall 1s.
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the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.
Upon reset, PUCR1 isinitialized to H'00.

4. Port mode register 1 (PMR1)

Bit 7 6 5 4 3 2 1

‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ IRQ4 ‘ TMIG ‘ TMOFH ‘ TMOFL
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

PMR1 is an 8-bit read/write register, controlling the selection of pin functions for port
Upon reset, PMR1 isinitialized to H'00.
Bit 7: P17/IRQ3/TMIF pin function switch (IRQ3)

This bit selects whether pin P17/IRQ3/TMIF is used as P17 or asIRQ3/TMIF.

Bit 7

IRQ3 Description

0 Functions as P17 I/O pin [
1 Functions as IRQ3/TMIF input pin

Note: Rising or falling edge sensing can be designated for IRQ3, TMIF. For details ot
settings, see 3. Timer Control Register F (TCRF) in 9.4.2.
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Bit 5: P15/IRQ,/TMIC pin function switch (IRQ1)

This bit selects whether pin P15/IRQ1/TMIC is used as P15 or asIRQ1/TMIC.

Bit 5

IRQ1 Description

0 Functions as P15 I/O pin (i
1 Functions as IRQ1/TMIC input pin

Note: Rising or falling edge sensing can be designated for IRQ;/TMIC.
For details of TMIC pin setting, see 1. Timer mode register C (TMC) in 9.3.2.

Bit 4: P14/IRQ4/ADTRG pin function switch (IRQ4)

This bit selects whether pin P14/IRQ4/ADTRG is used as P14 or asIRQ4/ADTRG.

Bit 4

IRQ4 Description

0 Functions as P14 1/O pin (i
1 Functions as IRQ,/ADTRG input pin

Note: For details of ADTRG pin setting, see 12.3.2, Start of A/D Conversion by Extern:

Bit 3: P13/TMIG pin function switch (TMIG)

This bit selects whether pin P13/TMIG is used as P13 or as TMIG.

Bit 3

TMIG Description

0 Functions as P13 I/O pin (i
1 Functions as TMIG input pin
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Bit 1: P1;/TMOFL pin function switch (TMOFL)

This bit selects whether pin P1;/TMOFL isused as P1, or as TMOFL.

Bit 1

TMOFL Description

0 Functions as P1; I/O pin

1 Functions as TMOFL output pin

Bit 0: P1y/TMOW pin function switch (TMOW)

This bit selects whether pin P1o/TMOW is used as P1y or as TMOW.

Bit 0

TMOW Description

0 Functions as P1g I/O pin

1 Functions as TMOW output pin
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IRQ3 1
PCR1, 1 *
CKSL2 to CKSLO * Not O**
Pin function P1; input pin | P15 output pin| IRQ3 input pin| I

Note: When this pin is used as the TMIF input pin, clear bit IEN3 to O
disable the IRQj3 interrupt.

P1¢/IRQ, The pin function depends on bits IRQ2 in PMR1 and bit PCR14 in PC
IRQ2 0 1
PCR1g 0 1 *
Pin function P1lg input pin | P1g output pin IRQ, input
P15/IRQ; The pin function depends on bit IRQ1 in PMR1, bits TMC2 to TMCO ir
T™MIC bit PCR15 in PCR1.
IRQ1 0 1
PCR1s 0 1 N
TMC2 to TMCO * Not 111
Pin function | P1sinput pin | P15 output pin| IRQy input pin| 1§
Note: When this pin is used as the TMIC input pin, clear bit IEN1 to O
to disable the IRQ, interrupt.
P14/1RQ, The pin function depends on bit IRQ4 in PMR1, bit TRGE in AMR, an
ADTRG in PCRL1.
IRQ4 0 1
PCR1, 0 1 *
TRGE * 0
Pin function P1, input pin | P1, output pin| IRQ, input pin| IR
Note: When this pin is used as the ADTRG input pin, clear bit IEN4 tc
IENR1 to disable the IRQ,4 interrupt.
138
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TMOFH 0 1
PCR1, 0 1 *

Pin function P1, input pin | P1, output pin TMOFH ouf

P1,/TMOFL The pin function depends on bit TMOFL in PMR1 and bit PCR14 in |
TMOFL 0 1
PCR1; 0 1 *

Pin function P1, input pin | P1; output pin TMOFL out

P1,/TMOW The pin function depends on bit TMOW in PMR1 and bit PCR1, in F

TMOW 0 1
PCR1, 0 1 *
Pin function P1g input pin | P1j output pin TMOW out
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Plg/IRQq/TMIC State state
P1,/IRQ,/ADTRG

P13/TMIG

P1,/TMOFH

P1,/TMOFL

P1y/TMOW

Note: * A high-level signal is output when the MOS pull-up is in the on state.

825  MOSInput Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. W
PCR1 bit is cleared to 0, setting the corresponding PUCR1 bit to 1 turns on the MOS ir
for that pin. The MOS input pull-up function isin the off state after areset.

PCR1, 0 0 1
PUCR1,, 0 1 *
MOS input pull-up Off On Off

*
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<« P3¢ /AEVH
~—» P35/TXDy
Port3 | = ™ P34/RXDg
<~ P33/SCKy,
-« P3,/RESO
<~ P3,/UD

-~ P3y/PWM

Figure8.2 Port 3 Pin Configuration

8.3.2 Register Configuration and Description
Table 8.5 shows the port 3 register configuration.

Table85 Port 3Registers

Name Abbrev. R/W Initial Value
Port data register 3 PDR3 R/W H'00
Port control register 3 PCR3 W H'00
Port pull-up control register 3 PUCR3 R/W H'00
Port mode register 3 PMR3 R/W H'04
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read while PCR3 bits are cleared to 0, the pin states are read.
Upon reset, PDR3 isinitialized to H'00.

2. Port control register 3 (PCR3)

Bit 7 6 5 4 3 2 1

‘ PCR37 ‘ PCR3g ‘ PCR35 ‘ PCR34 ‘ PCR33 ‘ PCR3, ‘ PCR3; ‘
Initial value 0 0 0 0 0 0 0
Read/Write w w W w w w w

PCR3 is an 8-hit register for controlling whether each of the port 3 pins P37 to P3, func
input pin or output pin. Setting a PCR3 bit to 1 makes the corresponding pin an output
clearing the bit to 0 makes the pin an input pin. The settingsin PCR3 and in PDR3 are
when the corresponding pin is designated in PMR3 as ageneral 1/0 pin.

Upon reset, PCR3 isinitialized to H'00.
PCR3 isawrite-only register, which isalwaysread as all 1s.

3. Port pull-up control register 3 (PUCR3)

Bit 7 6 5 4 3 2 1
‘PUCR37 ‘ PUCR36‘ PUCRSS‘ PUCR3,4 ‘ PUCRSg‘PUCRSz ‘ PUCR3; ‘

Initial value 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W

PUCR3 controls whether the MOS pull-up of each of the port 3 pins P37 to P3yison o
aPCR3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR3 isinitialized to H'00.
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Upon reset, PMR3 isinitialized to H'04.
Bit 7: P37/AEVL pin function switch (AEVL)

This bit selects whether pin P3;/AEVL isused as P37 or asAEVL.

Bit 7

AEVL Description

0 Functions as P37 1/O pin

1 Functions as AEVL input pin

Bit 6: P3g/AEVH pin function switch (AEVH)

This bit selects whether pin P3g/AEVH is used as P35 or as AEVH.

Bit 6

AEVH Description

0 Functions as P3¢ I/0 pin

1 Functions as AEVH input pin

Bit 5: Watchdog timer source clock select (WDCKYS)

This bit selects the watchdog timer source clock.

Bit 5

WDCKS Description

0 /8192 selected
1 ow/32 selected
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Bit 3: P44/IRQq pin function switch (IRQO)

This bit selects whether pin P43/IRQg is used as P43 or asIRQq,.

Bit 3

IRQO Description

0 Functions as P43 input pin (i
1 Functions as IRQg input pin

Bit 2: P3,/RESO pin function switch (RESO)

This bit selects whether pin P3,/RESO isused as P3, or asRESO.

Bit 2

RESO Description

0 Functions as P3, I/O pin

1 Functions as RESO output pin (i

Bit 1: P3;/UD pin function switch (SI1)

This bit selects whether pin P31/UD is used as P3; or as UD.

Bit 1

ub Description

0 Functions as P3 1/O pin (i
1 Functions as UD input pin

144

RENESAS



8.3.3

Table 8.9 shows the port 3 pin functions.

Pin Functions

Table89 Port 3 Pin Functions
Pin Pin Functions and Selection Method
P3;/AEVL The pin function depends on bit SO1 in PMR3 and bit PCR3, in PCI
AEVL 0
PCR3; 0 1
Pin function P3; input pin P3; output pin AEV
P3¢/AEVH The pin function depends on bit AEVH in PMR3 and bit PCR36 in P
AEVH 0
PCR3g 0 1
Pin function P3g input pin P3¢ output pin AEV
P35/TXD3; The pin function depends on bit TE in SCR3-1, bit SPC31 in SPCR,

PCR3s in PCR3.

SPC31
TE
PCR35 0 1
Pin function P35 input pin P35 output pin TXDs
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PCR33in PCR3.

CKE1
CKEO 0 1
COM3, 0 1 *
PCR3; 0 *
Pin function P35 input pin | P33 output pin| SCK3; output| S
pin
P3,/RESO The pin function depends on bit RESO in PMR3 and bit PCR3,, in PC
RESO 0
PCR3, 0 1
Pin function P3, input pin P3, output pin RESO
P3,/UD The pin function depends on bit UD in PMR3 and bit PCR3; in PCR3
ub 0
PCR3, 0 1
Pin function P31 input pin P3; output pin UD |
P3o/PWM The pin function depends on bit PWM in PMR3 and bit PCR3; in PCF
PWM 0
PCR3, 0 1
Pin function P3g input pin P3¢ output pin PWM
*
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P35/TXD31 State State

P34/RXD3q

P33/SCK3;

P3,/RESO RESO output
P3,/UD High-
P3,/PWM impedance

Note: * A high-level signal is output when the MOS pull-up is in the on state.

8.35 MOS Input Pull-Up

Port 3 has a built-in MOS input pull-up function that can be controlled by software. V
PCRS3 hit is cleared to 0, setting the corresponding PUCR3 hit to 1 turns on the MOS |
that pin. The MOS pull-up function isin the off state after a reset.

PCR3, 0 0 1
PUCR3, 0 1 *
MOS input pull-up Off On Off
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~— P4,/TXD3,
Port 4
B P41/RXD32

~— P4,/SCK3,

Figure8.3 Port 4 Pin Configuration

8.4.2 Register Configuration and Description
Table 8.8 shows the port 4 register configuration.

Table8.8 Port 4 Registers

Name Abbrev. R/W Initial Value
Port data register 4 PDR4 R/W H'F8
Port control register 4 PCR4 W H'F8

1. Port dataregister 4 (PDR4)

Bit 7 6 5 4 3 2 1
= = = = [ pa | pay | P4y

Initial value 1 1 1 1 1 0 0

Read/Write — — — — R R/W R/W

PDR4 is an 8-bit register that stores datafor port 4 pins P4, to P4q. If port 4 isread wk
bits are set to 1, the values stored in PDR4 are read, regardless of the actual pin states.
read while PCR4 bits are cleared to 0, the pin states are read.

Upon reset, PDR4 isinitialized to H'F8.
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clearing the bit to 0 makes the pin an input pin. PCR4 and PDRA4 settings are valid wi
corresponding pins are designated for general-purpose input/output by SCR3-2.

Upon reset, PCR4 isinitialized to H'F8.

PCR4 is awrite-only register, which awaysreads all 1s.

843

Table 8.9 shows the port 4 pin functions.

Pin Functions

Table89 Port 4 Pin Functions
Pin Pin Functions and Selection Method
P43/1IRQq The pin function depends on bit IRQO in PMR3.
IRQO 0 1
Pin function P4 input pin IRQq inp!
P4,/TXD3, The pin function depends on bit TE in SCR3-2, bit SPC32 in SPCR,
PCR4, in PCRA4.
SPC32
TE
PCR4, 0 1
Pin function P4, input pin P4, output pin TXDs
P4,/RXD3, The pin function depends on bit RE in SCR3-2 and bit PCR44 in PC

RE3, 0
PCR4, 0 1
Pin function P44 input pin P4, output pin RXD
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Pin function

P4, input pin | P44 output pin| SCK3, output| S

pin

8.4.4 Pin States

Table 8.10 shows the port 4 pin states in each operating mode.

Table8.10 Port 4 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive
P43/IRQq High- Retains Retains  High- Retains Functional
P4,/TXD3, impedance previous previous impedance previous
P4,/RXD3, state state state

P4,/SCK3,

150
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Port 5

P5¢/WKP4/SEG-,
P5/WKPs/SEGg
P54/WKP4/SEGs
P53/WKP4/SEG,
P5,/WKP,/SEG;
P5,/WKP;/SEG,
P50/WKP,/SEG;

852 Register Configuration and Description

Table 8.11 shows the port 5 register configuration.

Table8.11 Port 5 Registers

Figure8.4 Port 5 Pin Configuration

Name Abbrev. R/W Initial Value
Port data register 5 PDR5 R/W H'00
Port control register 5 PCR5 W H'00
Port pull-up control register 5 PUCR5 R/W H'00
Port mode register 5 PMR5 R/W H'00
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read while PCR5 bits are cleared to O, the pin states are read.
Upon reset, PDR5 isinitialized to H'00.

2. Port control register 5 (PCR5)

Bit 7 6 5 4 3 2 1

‘ PCR57 ‘ PCR5¢ ‘ PCR55 ‘ PCR54 ‘ PCR53 ‘ PCR5; ‘ PCR5; ‘
Initial value 0 0 0 0 0 0 0
Read/Write w w W w w w w

PCRS is an 8-hit register for controlling whether each of the port 5 pins P57 to P5q func
input pin or output pin. Setting a PCR5 bit to 1 makes the corresponding pin an output
clearing the bit to 0 makes the pin an input pin. PCR5 and PDRS5 settings are valid wh
corresponding pins are designated for general-purpose input/output by PMR5 and bits
SGS0in LPCR.

Upon reset, PCR5 isinitialized to H'00.
PCRS5 isawrite-only register, which isalwaysread as all 1s.

3. Port pull-up control register 5 (PUCR5)

Bit 7 6 5 4 3 2 1
‘PUCR57 ‘ PUCR56‘ PUCR55 ‘ PUCR5,4 ‘ PUCR53 ‘PUCRSZ ‘PUCR51 ‘

Initial value 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W

PUCRS controls whether the MOS pull-up of each of port 5 pins P57 to P5q is on or off
PCRS bit is cleared to 0, setting the corresponding PUCRS hit to 1 turns on the MOS pi
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR5 isinitialized to H'00.
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Upon reset, PMR5 isinitialized to H'00.
Bit n: P5y/WKPy/SEG+1 pin function switch (WKPn)

When pin P5n/WKPn/SEGn+1 is not used as SEG+1, these bits select whether the pi
P5n or WKPp,.

Bit n

WKPn Description

0 Functions as P5n I/O pin [
1 Functions as WKP, input pin

Note: For use as SEG,;1, see 13.2.1, LCD Port Control Register (LPCR).
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P50/WKPO/ (n

SEG, SGS3 to SGSO 0% **
WKP,, 0 1
PCR5, 0 1 *

Pin function P5, input pin |P5,, output pin| WKPn input

pin
854 Pin States

Table 8.13 shows the port 5 pin states in each operating mode.

Table8.13 Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive
P5,/WKP-/ High- Retains Retains  High- Retains Functional
SEGg to P5¢/ impedance previous previous impedance* previous
WKP/SEG1 state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
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Port 6

P66/SEG5
P65/SEG,,
P64/SEG;3
P64/SEG,
P6,/SEGy;
P6,/SEG1
P6/SEG

Figure8.5 Port 6 Pin Configuration

8.6.2 Register Configuration and Description

Table 8.14 shows the port 6 register configuration.

Table8.14 Port 6 Registers

Name Abbrev. R/W Initial Value
Port data register 6 PDR6 R/W H'00
Port control register 6 PCR6 W H'00
Port pull-up control register 6 PUCRG6 R/W H'00
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If port 6 isread while PCR6 bits are set to 1, the values stored in PDRG6 are read, rega
actual pin states. If port 6 isread while PCR6 bits are cleared to 0, the pin states are r

Upon reset, PDR6 isinitialized to H'00.

2. Port control register 6 (PCR6)

Bit 7 6 5 4 3 2 1

‘ PCR6- ‘ PCR66‘ PCR6g ‘ PCR6,4 ‘ PCR63 ‘ PCR6, ‘ PCR6,
Initial value 0 0 0 0 0 0 0
Read/Write W w W \W W W \W

PCR®6 is an 8-hit register for controlling whether each of the port 6 pins P67 to P6g fur
input pin or output pin.

Setting a PCR6 hit to 1 makes the corresponding pin (P67 to P6g) an output pin, while
bit to 0 makes the pin an input pin. PCR6 and PDR6 settings are valid when the corre
pins are designated for general -purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCR6 isinitialized to H'00.

PCR6 is awrite-only register, which awaysreads all 1s.
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the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR6 isinitialized to H'00.

8.6.3 Pin Functions
Table 8.15 shows the port 6 pin functions.

Table8.15 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P67/SEG 4 tO The pin function depends on bit PCR6n in PCR6 and bits SGS3 to S(
P6o/SEGg LPCR. (n=
SEG3 to SEGS0 00**, 010* 011
PCR6, 0 1
Pin function P6,, input pin P6,, output pin | SEG 4«

*

8.6.4 Pin States

Table 8.16 shows the port 6 pin states in each operating mode.

Table8.16 Port 6 Pin States

Pin Reset Sleep Subsleep Standby Watch  Subactive
P6,/SEG 4 to High- Retains Retains  High- Retains Functional
P6o/SEGg impedance previous previous impedance* previous

state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
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-~ P7,/SEG,;
-« = P74/SEG,,
- P74/SE621
Port 7
B P73/SE620
B P72/SEG]_9
<~ P7,/SEGig

- P70/SEG17

Figure8.6 Port 7 Pin Configuration

8.7.2 Register Configuration and Description
Table 8.17 shows the port 7 register configuration.

Table8.17 Port 7 Registers

Name Abbrev. R/W Initial Value
Port data register 7 PDR7 R/W H'00

Port control register 7 PCR7 W H'00
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bits are set to 1, the values stored in PDR7 are read, regardless of the actual pin states.
read while PCR7 bits are cleared to 0, the pin states are read.

Upon reset, PDR7 isinitialized to H'00.

2. Port control register 7 (PCR7)

Bit 7 6 5 4 3 2 1

‘ PCR7; ‘ PCR7g ‘ PCR75 ‘ PCR74 ‘ PCR73 ‘ PCR7, ‘ PCR7,
Initial value 0 0 0 0 0 0 0
Read/Write W W w W w W W

PCR7 isan 8-bit register for controlling whether each of the port 7 pins P77 to P7q fur
input pin or output pin. Setting a PCR7 bit to 1 makes the corresponding pin an outpt
clearing the bit to 0 makes the pin an input pin. PCR7 and PDRY settings are valid wi
corresponding pins are designated for general-purpose input/output by bits SGS3to S
LPCR.

Upon reset, PCR7 isinitialized to H'00.

PCRY isawrite-only register, which awaysreadsasall 1s.
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SEGS3 to SEGSO0 00** 01*
PCR7, 0 1
Pin function P7, input pin P7, output pin | SEGp+1
*
874 Pin States
Table 8.19 shows the port 7 pin states in each operating mode.
Table8.19 Port 7 Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive
P7,/SEGy4 to High- Retains Retains  High- Retains Functional
P7¢/SEG 17 impedance previous previous impedance previous
state state state
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~———— P84/SEG4;/CL,
-~ P85/SEG3,/DO
B —— P84/SEGZQ/M

Port 8
B P83/SE628
B P82/SEGz7
B PBl/SEGZG

- P80/SEGZ5

Figure8.7 Port 8 Pin Configuration

882 Register Configuration and Description
Table 8.20 shows the port 8 register configuration.

Table8.20 Port 8 Registers

Name Abbrev. R/W Initial Value
Port data register 8 PDRS8 R/W H'00
Port control register 8 PCRS8 W H'00
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read while PCR8 bits are cleared to 0, the pin states are read.
Upon reset, PDR8 isinitialized to H'00.

2. Port control register 8 (PCR8)

Bit 7 6 5 4 3 2 1

‘ PCR87 ‘ PCR8g ‘ PCR8s5 ‘ PCR84 ‘ PCR83 ‘ PCR8, ‘ PCR8; ‘
Initial value 0 0 0 0 0 0 0
Read/Write w w W w w w w

PCRS8 is an 8-hit register for controlling whether each of the port 8 pins P87 to P8 func
input or output pin. Setting a PCR8 bit to 1 makes the corresponding pin an output pin
clearing the bit to 0 makes the pin an input pin. PCR8 and PDRS8 settings are valid wh
corresponding pins are designated for general-purpose input/output by bits SGS3 to SC
LPCR.

Upon reset, PCR8 isinitialized to H'00.

PCR8 isawrite-only register, which isalwaysread as all 1s.
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SEGS3 to SEGS0 000* 001, O1**, 1***
SGX 0 0
PCR8; 0 1 *
Pin function P8- input pin | P8, output pin| SEG3, output pin| C
P8¢/SEG3,/  The pin function depends on bit PCR8g in PCR8 and bits SGX and SG¢
CL, in LPCR.
SEGS3 to SEGS0 000* 001*, O1**, 1***
SGX 0 0
PCR8g 0 1 *
Pin function P8g input pin | P8¢ output pin| SEG3, output pin| C
P85/SEG3p/  The pin function depends on bit PCR85 in PCR8 and bits SGX and SG
DO in LPCR.
SEGS3 to SEGS0 000* 001*, O1**, 1***
SGX 0 0
PCR9g 0 1 *
Pin function P85 input pin | P85 output pin| SEG3g output pin| C
P8,4/SEG,9/  The pin function depends on bit PCR8, in PCR8 and bits SGX and SG¢
M in LPCR.
SEGS3 to SEGS0 000* 001*, O1**, 1***
SGX 0 0
PCR9, 0 1 *
Pin function P8, input pin | P84 output pin| SEG,g output pin| |

P83/SEG,g to The pin function depends on bit PCR8,, in PCR8 and bits SGS3 to SGS

P8y/SEG 5

(n

SEGS3 to SEGS0 000* 001*,
PCR8, 0 1

Pin function P8, input pin P8,, output pin SEG+;

RENESAS



P8,/SEG ,o/M
P83/SEG 28 to
P8y/SEG 5
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- PAz/COMg
Port A
<= PA,/COM,

<= PA)COM;

Figure8.8 Port A Pin Configuration

8.9.2 Register Configuration and Description
Table 8.23 shows the port A register configuration.

Table8.23 Port A Registers

Name Abbrev. R/W Initial Value
Port data register A PDRA R/W H'FO
Port control register A PCRA W H'FO

1. Port dataregister A (PDRA)

Bit 7 6 5 4 3 2 1

I e e L
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W

PDRA isan 8-hit register that stores datafor port A pins PA3 to PAg. If port A isrea
PCRA hits are set to 1, the values stored in PDRA are read, regardless of the actual pi
port A isread while PCRA bits are cleared to O, the pin states are read.

Upon reset, PDRA isinitialized to H'FO.
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makes the pin an input pin. PCRA and PDRA settings are valid when the correspondin
designated for general-purpose input/output by LPCR.

Upon reset, PCRA isinitialized to H'FO.

PCRA isawrite-only register, which alwaysreadsall 1s.
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PCRA3 0 1
Pin function PAgz input pin PA3 output pin COM
PA,/COM3 The pin function depends on bit PCRA, in PCRA and bits SGS3 to ¢
SEGS3 to SEGS0 0000 0000 N
PCRA, 0 1
Pin function PA, input pin PA, output pin COM
PA{/COM, The pin function depends on bit PCRA; in PCRA and bits SGS3 to ¢
SEGS3 to SEGS0 0000 0000 N
PCRA; 0 1
Pin function PA; input pin PA; output pin COM
PAy/COM, The pin function depends on bit PCRAg in PCRA and bits SGS3 to ¢

SEGS3 to SEGS0 0000 N
PCRAq 0 1
Pin function PAg input pin PAp output pin COM

RENESAS



PA1/COMy state state
PA,/COM;
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<——— PBg/ANg
< PBg/ANs
- PB,/AN,
Port B

< PBy/AN;
< PB,/AN,
- PBy/AN;

<——— PBy/AN,

Figure8.9 Port B Pin Configuration

8.10.2 Register Configuration and Description
Table 8.26 shows the port B register configuration.

Table8.26 Port B Register

Name Abbrev. R/W Address

Port data register B PDRB R H'FFDE

Port Data Register B (PDRB)

Bit 7 6 5 4 3 2 1
‘ PB~7 ‘ PBg ‘ PBg ‘ PB4 ‘ PB3 ‘ PB2> ‘ PB4
Read/Write R R R R R R R

Reading PDRB aways givesthe pin states. However, if aport B pinis selected asan
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads O regardless
voltage.
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P3,/RXD3; [ ]D §§831
P4,/RXD3, 32

SCINV1
SCINV3

P35/TXDs1 [ TXDg;
P4,/TXD3, TXD3,

Figure8.10 Input/Output Data Inversion Function

8.11.2 Register Configuration and Descriptions
Table 8.27 shows the registers used by the input/output data inversion function.

Table8.27 Register Configuration

Name Abbreviation R/W Address

Serial port control register SPCR R/W H'FF91

Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1

‘ — ‘ — ‘SPCSZ ‘SPC31 ‘SCINVS ‘SCINVZ ‘SCINVl 1
Initial value 1 1 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W

SPCR is an 8-bit readable/writable register that performs RXD31, RXD3p, TXD34, and
input/output data inversion switching. SPCR isinitialized to H'CO by areset.
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Bit 1: TXD3; pin output datainversion switch

Bit 1 specifies whether or not TXD3; pin output datais to be inverted.

Bit 1

SCINV1 Description

0 TXD3; output data is not inverted
1 TXDg3; output data is inverted

Bit 2: RXD3; pin input datainversion switch

Bit 2 specifies whether or not RXD3, pin input dataisto be inverted.

Bit 2

SCINV2 Description

0 RXD3, input data is not inverted
1 RXD3, input data is inverted

Bit 3: TXD3, pin output data inversion switch

Bit 3 specifies whether or not TXD3, pin output datais to be inverted.

Bit 3

SCINV3 Description

0 TXD3, output data is not inverted
1 TXD3, output data is inverted
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Bit 5: P4,/TXD3, pin function switch (SPC32)

This bit selects whether pin P4,/TXDzg, is used as P4, or as TXDa3).

Bit 5

SPC32 Description

0 Functions as P4, 1/0O pin (i
1 Functions as TXD3, output pin*

Note: * Set the TE bit in SCRS3 after setting this bit to 1.

Bits 7 and 6: Reserved bits

Bits 7 and 6 are reserved; they are alwaysread as 1 and cannot be modified.

8.11.3 Noteon Modification of Serial Port Control Register

When a seria port control register is modified, the data being input or output up to that
inverted immediately after the modification, and an invalid data change isinput or outp
modifying a seria port control register, do so in a state in which data changes are invali
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Event Waveform
Name Functions Internal Clock Input Pin  Output Pin Ren
Timer A« 8-bitinterval timer /8 to /8192 — —
» Interval function (8 choices)
» Time base 2,,/128 (choice of 4
overflow periods)
« Clock output o/4 to 9/32 — TMOW
o\, By/4 to 2,,/32
(9 choices)
TimerC  « 8-bit timer @/4 to /8192, 8,,/4 TMIC — Up-
» Interval function (7 choices) coul
con
» Event counting soft
function harc
* Up-count/down-
count selectable
Timer F 16-bit timer a/4 to 9/32, 9,,/4 TMIF TMOFL
Event counting (4 choices) TMOFH
function Also usable
as two independent8-
bit timers Output
compare output
function
Timer G« 8-bit timer 212 to /64, 8,4 T™MIG — .o
* Input capture (4 choices) (
function (

Interval function

RENESAS



nous

Also usable as two AEVH
event . )
counter independent 8-bit

counters

Counts events

asynchronous to g

and gw
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1. Features

Features of timer A are given below.

Choice of eight internal clock sources (a/8192, 2/4096, &/2048, &/512, a/256, a/12
Choice of four overflow periods (1 s, 0.5, 0.25 s, 31.25 ms) when timer A is usec
time base (using a 32.768 kHz crystal oscillator).

Aninterrupt is requested when the counter overflows.

Any of nine clock signals can be output at the TMOW pin: 32.768 kHz divided by
4 (1 kHz, 2 kHz, 4 kHz, 8 kHz) or 38.4 kHz divided by 32, 16, 8, or 4 (1.2 kHz, 2.
kHz, 9.6 kHz), and the system clock divided by 32, 16, 8, or 4.

Use of module standby mode enables this module to be placed in standby mode in
when not used.

RENESAS



2,/128

TCA -

TMOW
ois2 2/8192, 5/4096, /2048, | Bl B
28 /512, @/256, 2/128, S ol S R
al4 2/32, 9/8 o+ ! + !
y y y A
a —™ PSS |
>
Notation:
TMA: Timer mode register A
TCA: Timer counter A
IRRTA:  Timer A overflow interrupt request flag
PSW: Prescaler W
PSS: Prescaler S

CWOSR: Subclock output select register
Note: * Can be selected only when the prescaler W output (y/128) is used as the TCA input

Figure9.1 Block Diagram of Timer A
3. Pinconfiguration
Table 9.2 shows the timer A pin configuration.

Table9.2 Pin Configuration

Name Abbrev. /O Function
Clock output TMOW Output Output of waveform generated by timer A out
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Clock stop register 1 CKSTPR1 R/W H'FF

Subclock output select register CWOSR R/W H'FE

9.2.2 Register Descriptions

1. Timer moderegister A (TMA)

Bit 7 6 5 4 3 2 1

‘ TMA7 ‘ TMA6 ‘ TMA5 ‘ — ‘ TMA3 ‘ TMA2 ‘ TMAL
Initial value 0 0 0 1 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W

TMA isan 8-bit read/write register for selecting the prescaler, input clock, and output

Upon reset, TMA isinitialized to H'10.
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0 0 0 0 2/32
1 /16
1 0 2/8
1 al4
1 0 0 2,/32
1 2,,/16
1 0 2,,/8
1 2 l4
1 * * * By

Bit 4: Reserved hit

Bit 4isreserved; it is always read as 1, and cannot be modified.
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PSW and TCA are reset

0 PSS, 9/2048

1 PSS, @/512

0 PSS, 2/256

1 PSS, 9/128

0 PSS, 2/32

1 PSS, 2/8

0 PSW, 1s Clc
1 PSW, 0.5s ba:
0 PSW, 0.25 s (wt
1 PSW, 0.03125 s 32.
0

1

0

1
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(TMA). TCA values can be read by the CPU in active mode, but cannot be read in sub
mode. When TCA overflows, the IRRTA bit in interrupt request register 1 (IRR1) is &

TCA iscleared by setting bits TMA3 and TMA2 of TMA to 11.
Upon reset, TCA isinitialized to H'00.

3. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1

| — |S31CKSTP|S32CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP
Initial value: 1 1 1 1 1 1 1
Read/Write: R/W R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-hit read/write register that performs module standby maode control fc
modules. Only the bit relating to timer A is described here. For details of the other bit:
sections on the relevant modules.

Bit 0: Timer A module standby mode control (TACKSTP)
Bit O controls setting and clearing of module standby mode for timer A.

TACKSTP  Description

0 Timer A is set to module standby mode
1 Timer A module standby mode is cleared (i
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CWOSR isinitialized to H'FE by areset.

Bits 7 to 1: Reserved bits

Bits 7 to 1 are reserved; they are always read as 1 and cannot be modified.
Bit 0: TMOW pin clock select (CWOS)

Bit 0 selects the clock to be output from the TMOW pin.

Bit 0

CWOS Description

0 Clock output from timer A is output (see TMA) (
1 @, is output

9.23 Timer Operation
1. Interva timer operation

When bit TMA3 in timer mode register A (TMA) iscleared to O, timer A functions as
interval timer.

Upon reset, TCA iscleared to H'00 and bit TMAS3 is cleared to 0, so up-counting and
timing resume immediately. The clock input to timer A is selected by bits TMA21t0 T
TMA; any of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF, the next clock signal input causestimer A
overflow, setting bit IRRTA to 1 in interrupt request register 1 (IRR1). If IENTA =1
enableregister 1 (IENR1), a CPU interrupt is requested.*

At overflow, TCA returnsto H'00 and starts counting up again. In this modetimer A
an interval timer that generates an overflow output at intervals of 256 input clock puls

Note: * For details on interrupts, see 3.3, Interrupts.
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TMOW. Nine different clock output signals can be selected by means of bits TMA7 tc
TMA and bit CWOS in CWOSR. The system clock divided by 32, 16, 8, or 4 can be o
active mode and sleep mode. A 32.768 kHz or 38.4 kHz signal divided by 32, 16, 8, or
output in active mode, sleep mode, watch mode, subactive mode, and subsleep mode.
kHz or 38.4 kHz clock is output in all modes except the reset state.

9.24 Timer A Operation States

Table 9.4 summarizesthe timer A operation states.

Table9.4 Timer A Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted

Clock time base Reset

Functions Functions Functions Functions Functions Halted

TMA Reset

Functions Retained Retained Functions Retained Retainec

Note: When the real-time clock time base function is selected as the internal clock of T
active mode or sleep mode, the internal clock is not synchronous with the systen
it is synchronized by a synchronizing circuit. This may result in a maximum error

the count cycle.
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Features of timer C are given below.

Choice of seven internal clock sources (2/8192, @/2048, &/512, &/64, @/16, ol4, awi
external clock (can be used to count external events).

Aninterrupt is requested when the counter overflows.
Up/down-counter switching is possible by hardware or software.

Subactive mode and subsleep mode operation is possible when gw/4 is selected as
clock, or when an external clock is selected.

Use of module standby mode enables this module to be placed in standby mode in
when not used.
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g —> PSS T
TMIC ©
TLC
owl4
Notation:

TMC : Timer mode register C

TCC : Timer counter C

TLC : Timer load register C

IRRTC : Timer C overflow interrupt request flag
PSS : Prescaler S

Figure9.2 Block Diagram of Timer C
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4. Register configuration
Table 9.6 shows the register configuration of timer C.

Table9.6 Timer C Registers

Name Abbrev. R/W Initial Value
Timer mode register C T™MC R/W H'18
Timer counter C TCC R H'00
Timer load register C TLC W H'00
Clock stop register 1 CKSTPR1 R/W H'FF

9.3.2 Register Descriptions

1. Timer moderegister C (TMC)

Bit 7 6 5 4 3 2 1

‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1
Initial value 0 0 0 1 1 0 0
Read/Write R/W R/W R/W — — R/W R/W

TMC isan 8-hit read/write register for selecting the auto-reload function and input clc
performing up/down-counter control.

Upon reset, TMC isinitialized to H'18.
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Bits 6 and 5: Counter up/down control (TMC6, TMC5)

Selects whether TCC up/down control is performed by hardware using UD pin input, 0
TCC functions as an up-counter or a down-counter.

Bit 6 Bit 5

TMC6 TMC5 Description

0 0 TCC is an up-counter (i
0 1 TCC is a down-counter

1 * Hardware control by UD pin input

UD pin input high: Down-counter
UD pin input low: Up-counter

Bits4 and 3: Reserved bits

Bits 4 and 3 are reserved; they are alwaysread as 1 and cannot be modified.
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0 1 0 Internal clock: 8/512

0 1 1 Internal clock: g/64

1 0 0 Internal clock: 2/16

1 0 1 Internal clock: @/4

1 1 0 Internal clock: gw/4

1 1 1 External event (TMIC): rising or falling edge’

Note: * The edge of the external event signal is selected by bit IEG1 in the IRQ edge s
(IEGR). See 1. IRQ edge select register (IEGR) in 3.3.2 for details. IRQ2 mus
in port mode register 1 (PMR1) before setting 111 in bits TMC2 to TMCO.

2. Timer counter C (TCC)

Bit 7 6 5 4 3 2 1

‘ TCC7 ‘ TCC6 ‘ TCC5 ‘ TCC4 ‘ TCC3 ‘ TCC2 ‘ TCC1
Initial value 0 0 0 0 0 0 0
Read/Write R R R R R R R

TCC isan 8-hit read-only up-counter, which is incremented by internal clock or exter|
input. The clock source for input to this counter is selected by bits TMC2 to TMCO ir
register C (TMC). TCC values can be read by the CPU at any time.

When TCC overflows from H'FF to H'00 or to the value set in TLC, or underflows frc
H'FF or to the value set in TLC, the IRRTC bitin IRR2 is set to 1.

TCC isallocated to the same addressas TLC.

Upon reset, TCC isinitialized to H'00.
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When areload valueis set in TLC, the same value is loaded into timer counter C as we
starts counting up from that value. When TCC overflows or underflows during operati
reload mode, the TLC value isloaded into TCC. Accordingly, overflow/underflow per
set within the range of 1 to 256 input clocks.

The same addressis dlocated to TLC asto TCC.
Upon reset, TLC isinitialized to H'00.

4. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1

| — |831CKSTP|SSZCKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP
Initial value: 1 1 1 1 1 1 1
Read/Write: R/W R/W R/W R/W R/W R/W R/W

CKSTPR1 isan 8-hit read/write register that performs module standby maode control fc
modules. Only the bit relating to timer C is described here. For details of the other bit:
sections on the relevant modules.

Bit 1: Timer C module standby mode control (TCCKSTP)
Bit 1 controls setting and clearing of module standby mode for timer C.

TCCKSTP  Description

0 Timer C is set to module standby mode
1 Timer C module standby mode is cleared (i
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selected from seven internal clock signals output by prescalers S and W, or an externa
at pin TMIC. The selection is made by bits TMC2 to TMCO in TMC.

TCC up/down-count control can be performed either by software or hardware. The s
made by bits TMC6 and TMC5in TMC.

After the count value in TCC reaches H'FF (H'00), the next clock input causes timer C
(underflow), setting bit IRRTC to 1 in IRR2. If IENTC =1 in interrupt enable registe
aCPU interrupt is requested.

At overflow (underflow), TCC returnsto H'00 (H'FF) and starts counting up (down) a

During interval timer operation (TMC7 = 0), when avalueis set in timer |oad register
thesamevalueissetin TCC.

Note: For details on interrupts, see 3.3, Interrupts.
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The clock sources, up/down control, and interrupts in auto-rel oad mode are the same as
mode.

In auto-reload mode (TMC7 = 1), when anew valueis set in TLC, the TLC valueis als
TCC.

3. Event counter operation

Timer C can operate as an event counter, counting rising or falling edges of an external
signal input at pin TMIC. Externa event counting is selected by setting bits TMC2to"
timer mode register Cto all 1s(111).

When timer C is used to count external event input, , bit IRQ2 in PMR1 should be set t
IEN2in IENR1 cleared to O to disable interrupt IRQ, requests.

4. TCC up/down control by hardware

With timer C, TCC up/down control can be performed by UD pin input. When bit TM!
1in TMC, TCC functions as an up-counter when UD pininput is high, and as a down-(
when low.

When using UD pin input, set bit UD to 1 in PMR3.

192
RENESAS



Halted* Halted*

Auto reload Reset Functions Functions Halted Functions/ Functions/ Halted
Halted*  Halted*

T™MC Reset Functions Retained Retained Functions Retained Retaine

Note: * When gw/4 is selected as the TCC internal clock in active mode or sleep mode
system clock and internal clock are mutually asynchronous, synchronization is
by a synchronization circuit. This results in a maximum count cycle error of 1/
the counter is operated in subactive mode or subsleep mode, either select gwi/:
internal clock or select an external clock. The counter will not operate on any o
clock. If gw/4 is selected as the internal clock for the counter when gw/8 has b
as subclock gg g, the lower 2 bits of the counter operate on the same cycle, ar
operation of the least significant bit is unrelated to the operation of the counter.
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1. Features

Features of timer F are given below.

e Choiceof four internal clock sources (2/32, @/16, a/4, aw/4) or an external clock (c:
as an external event counter)

«  TMOFH pin toggle output provided using a single compare match signal (toggle ou

value can be set)

« Counter resetting by a compare match signal
* Two interrupt sources: one compare match, one overflow
» Can operate as two independent 8-bit timers (timer FH and timer FL) (in 8-bit mode

Timer FL
Timer FH 8-Bit Timer* 8-Bit Timer/Event Countel
Internal clock Choice of 4 (9/32, 9/16, @/4, aw/4)
Event input — TMIF pin
Toggle output One compare match signal, outputto  One compare match signal,
TMOFH pin(initial value settable) TMOFL pin (initial value set

Counter reset

Counter can be reset by compare match signal

Interrupt sources

One compare match
One overflow

Note: * When timer F operates as a 16-bit timer, it operates on the timer FL overflow sig

« Operation in watch mode, subactive mode, and subsleep mode

When aw/4 is selected as theinternal clock, timer F can operate in watch mode, suk
mode, and subsleep mode.

« Use of module standby mode enables this module to be placed in standby mode ind

when not used.
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 —— ]
@,/4 TCFL
T™IF O
Toggle
TMOFL O<—— cirouit I Comparator I
OCRFL |L
*>| TCFH
Toggle [ | |
TMOFH O<—r 0 |  Comparator | | Matct

Notation:

TCRF:  Timer control register F
TCSRF: Timer control/status register F
TCFH:  8-bit timer counter FH

TCFL:  8-bit timer counter FL
OCRFH: Output compare register FH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag

PSS: Prescaler S

OCRFH

TCSRF

!H

Figure9.3 Block Diagram of Timer F
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Timer FL output TMOFL Output Timer FL toggle output f

4. Register configuration
Table 9.9 shows the register configuration of timer F.

Table9.9 Timer F Registers

Name Abbrev. R/W Initial Value
Timer control register F TCRF W H'00

Timer control/status register F TCSRF R/W H'00

8-bit timer counter FH TCFH R/W H'00

8-bit timer counter FL TCFL R/W H'00

Output compare register FH OCRFH R/W H'FF

Output compare register FL OCRFL R/W H'FF

Clock stop register 1 CKSTPR1 R/W H'FF
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Initial value: o o o o o o o o o o o o0 o0 o

Read/Write: IR/W R/W R/W R/W R/W R/W R/W R/V\/I IR/W R/W R/W R/W R/W R/
TCFH TCFL

TCF is a 16-hit read/write up-counter configured by cascaded connection of 8-hit time
TCFH and TCFL. In addition to the use of TCF as a 16-bit counter with TCFH as the
and TCFL asthe lower 8 bits, TCFH and TCFL can a so be used as independent 8-bit

TCFH and TCFL can be read and written by the CPU, but when they are used in 16-b
transfer to and from the CPU is performed via atemporary register (TEMP). For dete
see 9.4.3, CPU Interface.

TCFH and TCFL are each initialized to H'00 upon reset.

a. 16-bit mode (TCF)
When CKSH2 is cleared to 0 in TCRF, TCF operates as a 16-bit counter. The TC
is selected by bits CKSL2 to CKSLO in TCRF.
TCF can be cleared in the event of a compare match by means of CCLRH in TCS
When TCF overflows from H'FFFF to H'0000, OVFH issetto 1in TCSRF. If OV
TCSRFis1 at thistime, IRRTFH issetto 1in IRR2, and if IENTFH in IENR2 is.
interrupt request is sent to the CPU.

b. 8-bit mode (TCFL/TCFH)
When CKSH2 isset to 1 in TCRF, TCFH and TCFL operate as two independent 8
counters. The TCFH (TCFL) input clock is selected by bits CKSH2 to CKSHO (C
CKSLO) in TCRF.
TCFH (TCFL) can be cleared in the event of a compare match by means of CCLR
in TCSRF.
When TCFH (TCFL) overflows from H'FF to H'00, OVFH (OVFL) issetto 1in T
OVIEH (OVIEL) in TCSRFis 1 at thistime, IRRTFH (IRRTFL) issetto 1in IRR
IENTFH (IENTFL) in IENR2 is 1, an interrupt request is sent to the CPU.
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Read/Write: IFi/W R/W R/W R/W R/W R/W R/W R/V\/I IR/\N R/W R/W R/W R/W R/M

OCRFH OCRFL

OCRF is a 16-hit read/write register composed of the two registers OCRFH and OCRF
addition to the use of OCRF as a 16-hit register with OCRFH as the upper 8 bitsand O
the lower 8 bits, OCRFH and OCRFL can also be used as independent 8-bit registers.

OCRFH and OCRFL can be read and written by the CPU, but when they are used in 1€
data transfer to and from the CPU is performed via atemporary register (TEMP). For «
TEMP, see 9.4.3, CPU Interface.

OCRFH and OCRFL are each initialized to H'FF upon reset.

a

16-bit mode (OCRF)

When CKSH2 is cleared to 0 in TCRF, OCRF operates as a 16-bit register. OCRF
constantly compared with TCF, and when both values match, CMFH issetto 1in T
the sametime, IRRTFH issetto 1in IRR2. If IENTFH in IENR2is 1 at thistime,
request is sent to the CPU.

Toggle output can be provided from the TMOFH pin by means of compare matches
output level can be set (high or low) by means of TOLH in TCRF.

8-bit mode (OCRFH/OCRFL)

When CKSH2 is set to 1 in TCRF, OCRFH and OCRFL operate as two independen
registers. OCRFH contents are compared with TCFH, and OCRFL contents are wit
When the OCRFH (OCRFL) and TCFH (TCFL) values match, CMFH (CMFL) is s
TCSRF. Atthesametime, IRRTFH (IRRTFL) issetto 1inIRR2. If IENTFH (IEl
IENR2 is 1 at thistime, an interrupt request is sent to the CPU.

Toggle output can be provided from the TMOFH pin (TMOFL pin) by means of co
matches, and the output level can be set (high or low) by means of TOLH (TOLL) i
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input clock from among four internal clock sources or external event input, and sets tt
level of the TMOFH and TMOFL pins.

TCRF isinitialized to H'00 upon reset.
Bit 7: Toggle output level H (TOLH)

Bit 7 setsthe TMOFH pin output level. The output level is effective immediately afte
written.

Bit 7

TOLH Description

0 Low level (
1 High level

Bits6to 4: Clock select H (CKSH2 to CKSHO)

Bits 6 to 4 select the clock input to TCFH from among four internal clock sourcesor T
overflow.

Bit 6 Bit 5 Bit 4

CKSH2  CKSH1 CKSHO  Description

0 0 0 16-bit mode, counting on TCFL overflow signal  {
0 0 1

0 1 0

0 1 1 Use prohibited

1 0 0 Internal clock: counting on /32

1 0 1 Internal clock: counting on /16

1 1 0 Internal clock: counting on @/4

1 1 1 Internal clock: counting on gw/4
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Bits2t0 0: Clock select L (CKSL2 to CKSLO0)

Bits 2 to 0 select the clock input to TCFL from among four internal clock sources or ex
input.

Bit 2 Bit 1 Bit 0

CKSL2 CKSL1 CKSLO Description

0 0 0 Counting on external event (TMIF) rising/ (i
0 0 1 falling edge*

0 1 0

0 1 1 Use prohibited

1 0 0 Internal clock: counting on /32

1 0 1 Internal clock: counting on /16

1 1 0 Internal clock: counting on a/4

1 1 1 Internal clock: counting on gw/4

Note: * External event edge selection is set by IEG3 in the IRQ edge select register (IEC
details, see 1. IRQ edge select register (IEGR) in section 3.3.2.
Note that the timer F counter may increment if the setting of IRQ3 in port mode r
(PMR1) is changed from 0 to 1 while the TMIF pin is low in order to change the -
function.
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TCSRF is an 8-bit read/write register that performs counter clear selection, overflow f
and compare match flag setting, and controls enabling of overflow interrupt requests.

TCSRF isinitialized to H'00 upon reset.
Bit 7: Timer overflow flag H (OVFH)

Bit 7 isa status flag indicating that TCFH has overflowed from H'FF to H'00. Thisfle
hardware and cleared by software. It cannot be set by software.

Bit 7

OVFH Description

0 Clearing conditions: (
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:

Set when TCFH overflows from H'FF to H'00

Bit 6: Compare match flag H (CMFH)

Bit 6 isa status flag indicating that TCFH has matched OCRFH. Thisflag isset by he
cleared by software. It cannot be set by software.

Bit 6

CMFH Description

0 Clearing conditions: (
After reading CMFH = 1, cleared by writing 0 to CMFH

1 Setting conditions:

Set when the TCFH value matches the OCRFH value
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Bit 4: Counter clear H (CCLRH)
In 8-bit mode, bit 4 selects whether TCF is cleared when TCF and OCRF match.

In 8-bit mode, bit 4 selects whether TCFH is cleared when TCFH and OCRFH match.

Bit 4
CCLRH Description
0 16-bit mode: TCF clearing by compare match is disabled
8-bit mode: TCFH clearing by compare match is disabled (i
1 16-bit mode: TCF clearing by compare match is enabled

8-bit mode: TCFH clearing by compare match is enabled

Bit 3: Timer overflow flag L (OVFL)

Bit 3 isastatus flag indicating that TCFL has overflowed from H'FF to H'00. Thisfla
hardware and cleared by software. It cannot be set by software.

Bit 3

OVFL Description

0 Clearing conditions: (i
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:
Set when TCFL overflows from H'FF to H'00
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L LSCulrly Lulidiuvlios.
Set when the TCFL value matches the OCRFL value

Bit 1: Timer overflow interrupt enable L (OVIEL)

Bit 1 selects enabling or disabling of interrupt generation when TCFL overflows.

Bit 1

OVIEL Description

0 TCFL overflow interrupt request is disabled
1 TCFL overflow interrupt request is enabled

Bit 0: Counter clear L (CCLRL)

Bit 0 selects whether TCFL is cleared when TCFL and OCRFL match.

Bit 0

CCLRL Description

0 TCFL clearing by compare match is disabled
1 TCFL clearing by compare match is enabled
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sections on the relevant modules.

Bit 2: Timer F module standby mode control (TFCKSTP)

Bit 2 controls setting and clearing of module standby mode for timer F.

TFCKSTP  Description

0 Timer F is set to module standby mode
1 Timer F module standby mode is cleared (i
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is accessed.
In 8-bit mode, there are no restrictions on the order of access.
1. Write access

Write access to the upper byte results in transfer of the upper-byte write datato TEMF
write access to the lower byte resultsin transfer of the datain TEMP to the upper regi
and direct transfer of the lower-byte write data to the lower register byte.
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(H'AA) |

7

TCFH TCFL
¢ ) )

Write to lower byte

CPU Bus Module data bus
(H'55) interface

TCFH TCFL
(HAA) (H'55)

Figure9.4 Write Accessto TCR (CPU £ TCF)
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Read upper byte

Bus
(ﬁ,il'pj\) H interface

Module data bus

(H'FF)

<7

f

TCFH

TCFL

Read lower byte

Bus
(E,IT:L;) H interface

Module data bus

TEMP
(HFF)

~z AT

TCFH
(AB)*

TCFL
(00)*

Note: * H'ABOO if counter has been updated once.

Figure9.5 Read Accessto TCF (TCF A& CPU)
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of these modes is described below.

a. Operation in 16-bit timer mode
When CKSH2 is cleared to O in timer control register F (TCRF), timer F operates &
timer.
Following areset, timer counter F (TCF) isinitialized to H'0000, output compare re
(OCRF) to H'FFFF, and timer control register F (TCRF) and timer control/status re;
(TCSRF) to H'00. The counter starts incrementing on external event (TMIF) input.
external event edge selection is set by IEG3 in the IRQ edge select register (IEGR).
Thetimer F operating clock can be selected from four internal clocks output by pre
an external clock by means of bits CKSL2 to CKSLO in TCRF.
OCRF contents are constantly compared with TCF, and when both values match, C
to1in TCSRF. If IENTFH in IENR2is 1 at thistime, an interrupt request is sent tc
and at the same time, TMOFH pin output istoggled. If CCLRH in TCSRFis1, TC
cleared. TMOFH pin output can also be set by TOLH in TCRF.
When TCF overflows from H'FFFF to H'0000, OVFH isset to 1in TCSRF. If OVI
TCSRF and IENTFH in IENR2 are both 1, an interrupt request is sent to the CPU.
b. Operation in 8-bit timer mode
When CKSH2 is set to 1 in TCRF, TCF operates as two independent 8-bit timers, T
TCFL. The TCFH/TCFL input clock is selected by CKSH2 to CKSHO/CKSL2 to (
TCRF.
When the OCRFH/OCRFL and TCFH/TCFL values match, CMFH/CMFL is set to
TCSRF. If IENTFH/IENTFL inIENR2is1, an interrupt request is sent to the CPU
sametime, TMOFH pin/TMOFL pin output istoggled. If CCLRH/CCLRL in TCS
TCFH/TCFL iscleared. TMOFH pin/TMOFL pin output can also be set by TOLH;
TCRF.
When TCFH/TCFL overflows from H'FF to H'00, OVFH/OVFL issetto 1in TCSF
OVIEH/OVIEL in TCSRF and IENTFH/IENTFL in IENR2 are both 1, an interrupt
sent to the CPU.
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either therising or falling edge of external event input. External event edge select
IEG3 in the interrupt controller’s IEGR register. An external event pulse width of

system clocks (@) is necessary. Shorter pulses will not be counted correctly.

3. TMOFH/TMOFL output timing

In TMOFH/TMOFL output, the value set in TOLH/TOLL in TCRF is output. The ou
toggled by the occurrence of a compare match. Figure 9.6 shows the output timing.

TMIF
(when IEG3 =1)

Count input
clock

TCF

OCRF

Compare match

signal

TMOFH TMOFL

pEpEpfpfpEniyl

(( ((

-
_ ]

[

Figure9.6 TMOFH/TMOFL Output Timing
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‘The compare match tlag (CMFH or CMFL) Isset to 1 when the T CF and OCRF values
The compare match signal is generated in the last state during which the values match (
is updated from the matching value to anew value). When TCF matches OCRF, the cc
match signal is not generated until the next counter clock.

7. Timer F operation modes
Timer F operation modes are shown in table 9.10.

Table9.10 Timer F Operation Modes

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCF Reset Functions Functions Functions/ Functions/ Functions/ Halted

Halted* Halted* Halted*

OCRF Reset Functions Held Held Functions Held Held
TCRF Reset Functions Held Held Functions Held Held
TCSRF Reset Functions Held Held Functions Held Held

Note: * When g,,/4 is selected as the TCF internal clock in active mode or sleep mode, ¢
system clock and internal clock are mutually asynchronous, synchronization is rr
by a synchronization circuit. This results in a maximum count cycle error of 1/g |
the counter is operated in subactive mode, watch mode, or subsleep mode, @,,/4
selected as the internal clock. The counter will not operate if any other internal c
selected.
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write. TMOFL pin output is unstable in 16-bit mode, and should not be used; the TM
should be used as a port pin.

If an OCRFL write and compare match signal generation occur simultaneously, the cc
match signal isinvalid. However, if the written data and the counter value match, a c
match signal will be generated at that point. Asthe compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare ma
generation if the clock is stopped.

Compare match flag CMFH is set when all 16 bits match and a compare match signal
Compare match flag CMFL is set if the setting conditions for the lower 8 bits are satis

When TCF overflows, OVFH isset. OVFL isset if the setting conditions are satisfie
lower 8 bits overflow. If a TCFL write and overflow signal output occur simultaneou
overflow signal is not output.

2. 8-bit timer mode

a. TCFH, OCRFH
In toggle output, TMOFH pin output is toggled when a compare match occurs. |If
write by aMQV instruction and generation of the compare match signal occur sim
TOLH datais output to the TMOFH pin as aresult of the TCRF write.
If an OCRFH write and compare match signal generation occur simultaneously, th
match signd isinvaid. However, if the written data and the counter value match,
match signal will be generated at that point. The compare match signal is output i
synchronization with the TCFH clock.
If aTCFH write and overflow signal output occur simultaneously, the overflow si
output.

b. TCFL, OCRFL
In toggle output, TMOFL pin output is toggled when a compare match occurs. If
write by aMQV instruction and generation of the compare match signal occur simm
TOLL datais output to the TMOFL pin as aresult of the TCRF write.
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tumer G Tunctions as an o-pit Interval timer.

1. Features

Features of timer G are given below.

Choice of four internal clock sources (2/64, @32, a2, aw/2)

Dedicated input capture functions for rising and falling edges

Level detection at counter overflow

It is possible to detect whether overflow occurred when the input capture input sig
or when it was low.

Selection of whether or not the counter value is to be cleared at the input capture i
rising edge, falling edge, or both edges

Two interrupt sources. one input capture, one overflow. The input capture input s
or falling edge can be selected as the interrupt source.

A built-in noise canceler eliminates high-frequency component noise in the input ¢
signal.

Watch mode, subactive mode and subsleep mode operation is possible when gw/2
astheinternal clock.

Use of module standby mode enables this module to be placed in standby mode in
when not used.
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L + Level
detector
ow/4 | I
™ ICRGF [
L 1
Noise Edge Y
TMIG © —
canceler detector I:TCG—I L, |
£y

NCS ICRGR

Notation:

TMG : Timer mode register G

TCG : Timer counter G

ICRGF : Input capture register GF
ICRGR : Input capture register GR
IRRTG : Timer G interrupt request flag
NCS : Noise canceler select

PSS : Prescaler S

Figure9.7 Block Diagram of Timer G

214
RENESAS



4. Register configuration

Table 9.12 shows the register configuration of timer G.

Table9.12 Timer G Registers

Name Abbrev. R/W Initial Value
Timer control register G TMG R/W H'00
Timer counter G TCG — H'00
Input capture register GF ICRGF R H'00
Input capture register GR ICRGR R H'00
Clock stop register 1 CKSTPR1 R/W H'FF
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TCG isan 8-hit up-counter which isincremented by clock input. Theinput clock is sel
bits CKS1 and CKS0in TMG.

TMIG in PMRL1is set to 1 to operate TCG as an input capture timer, or cleared to 0 to ¢
TCG asaninterval timer*. Ininput capture timer operation, the TCG value can be clez
rising edge, falling edge, or both edges of the input capture input signal, according to tt
made in TMG.

When TCG overflows from H'FF to H'00, if OVIEIn TMGis1, IRRTGissetto 1in|f
IENTG in IENR2is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see 3.3, Interrupts.
TCG cannot be read or written by the CPU. It isinitialized to H'00 upon reset.
Note: * Aninput capture signal may be generated when TMIG is modified.

2. Input capture register GF (ICRGF)

Bit: 7 6 5 4 3 2 1

| ICRGF7 | ICRGF6 | ICRGF5 | ICRGF4 | ICRGF3 | ICRGF2 | ICRGF1
Initial value: 0 0 0 0 0 0 0
Read/Write: R R R R R R R

ICRGF is an 8-bit read-only register. When afalling edge of the input capture input si¢
detected, the current TCG value istransferred to ICRGF. If IEGSin TMG is1 at this
IRRTGissetto1inIRR2, andif IENTGin IENR2is 1, aninterrupt request issent to't

For details of the interrupt, see 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture inpt
must be at least 2@ or 2@5yg (When the noise canceler is not used).

ICRGF isinitialized to H'00 upon reset.
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IRRTGissetto1inIRR2, andif IENTG in IENR2 is 1, an interrupt request is sent to
For details of the interrupt, see 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture ing
must be at least 2@ or 2ggg (when the noise canceler is not used).

ICRGR isinitialized to H'00 upon reset.

4, Timer mode register G (TMG)

Bit: 7 6 5 4 3 2 1
| OVFH | OVFL | OVIE | IIEGS | CCLR1 | CCLRO | CKS1

Initial value: 0 0 0 0 0 0 0

Read/Write:  R/W* R/W* R/W R/W R/W R/W R/W

Note: * Bits 7 and 6 can only be written with 0, for flag clearing.

TMG is an 8-hit read/write register that performs TCG clock selection from four inter
sources, counter clear selection, and edge selection for the input capture input signal il
request, controls enabling of overflow interrupt requests, and also contains the overflc

TMG isinitialized to H'00 upon reset.
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1 Setting conditions:
Set when TCG overflows from H'FF to H'00

Bit 6: Timer overflow flag L (OVFL)

Bit 6 isastatus flag indicating that TCG has overflowed from H'FF to H'00 when the ir
input signal islow, or in interval operation. Thisflag is set by hardware and cleared by
It cannot be set by software.

Bit 6

OVFL Description

0 Clearing conditions: (i
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:

Set when TCG overflows from H'FF to H'00

Bit 5: Timer overflow interrupt enable (OVIE)

Bit 5 selects enabling or disabling of interrupt generation when TCG overflows.

Bit 5

OVIE Description

0 TCG overflow interrupt request is disabled (i
1 TCG overflow interrupt request is enabled
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Bits 3 and 2: Counter clear 1 and 0 (CCLR1, CCLRO)

Bits 3 and 2 specify whether or not TCG is cleared by the rising edge, falling edge, or
of the input capture input signal.

Bit 3 Bit 2

CCLR1 CCLRO Description

0 0 TCG clearing is disabled (
0 1 TCG cleared by falling edge of input capture input signal

1 0 TCG cleared by rising edge of input capture input signal

1 1 TCG cleared by both edges of input capture input signal

Bits 1 and 0: Clock select (CKS1, CKS0)

Bits 1 and 0 select the clock input to TCG from among four internal clock sources.

Bit Bit

1CKS1 0CKSO0 Description

0 0 Internal clock: counting on @/64 (
0 1 Internal clock: counting on @/32

1 0 Internal clock: counting on /2

1 1 Internal clock: counting on gw/4
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sections on the relevant modules.

Bit 3: Timer G module standby mode control (TGCKSTP)

Bit 3 controls setting and clearing of module standby mode for timer G.

TGCKSTP  Description

0 Timer G is set to module standby mode
1 Timer G module standby mode is cleared (i
220
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Input capture 9 c C Cc C

) . —> D Q D Q D Q D Q ‘[ D Q

input signal

putsig Latch Latch Latch Latch Latch Match
detector

531

At

Sampling clock |:|—»|_| |_| |_|

At: Set by CKS1 and CKSO

Figure9.8 Noise Canceler Block Diagram

The noise canceler consists of five latch circuits connected in series and a match detec
When the noise cancellation function is not used (NCS = 0), the system clock is selec
sampling clock When the noise cancellation function is used (NCS = 1), the samplin
internal clock selected by CKS1 and CKS0 in TMG, the input capture input is sample
rising edge of this clock, and the datais judged to be correct when al the latch output:
all the outputs do not match, the previous valueisretained. After areset, the noise ca
isinitialized when the falling edge of the input capture input signal has been sampled

Therefore, after making a setting for use of the noise cancellation function, a pul se wi
five times the width of the sampling clock is a dependable input capture signal. Even
cancellation is not used, an input capture input signal pulse width of at least 2a or 2@
necessary to ensure that input capture operations are performed properly

Note: * Aninput capture signal may be generated when the NCS bit is modified.
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Sampling clock '

Noise canceler . |

output

Eliminated as noise

Figure9.9 Noise Canceler Timing (Example)
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a. Input capture timer operation

When the TMIG bit isset to 1 in port mode register 1 (PMR1), timer G functions
capture timer*.

In areset, timer mode register G (TMG), timer counter G (TCG), input capture reg
(ICRGF), and input capture register GR (ICRGR) are all initialized to H’' Q0.
Following areset, TCG starts incrementing on the @64 internal clock.

Theinput clock can be selected from four internal clock sources by bits CKS1 and
TMG.

When arising edge/falling edge is detected in the input capture signal input from t
pin, the TCG value at that time is transferred to ICRGR/ICRGF. When the edge s
IIEGSin TMGisinput, IRRTGissetto 1in IRR2, and if the IENTG bit in IENR:
time, an interrupt request is sent to the CPU. For details of the interrupt, see 3.3,, |
TCG can be cleared by arising edge, falling edge, or both edges of the input captu
according to the setting of bits CCLR1 and CCLROin TMG. If TCG overflowsw
capture signal is high, the OVFH bitisset in TMG; if TCG overflows when thein
signal islow, the OVFL hitissetin TMG. If the OVIE bitin TMG is 1 when thes
set, IRRTGissetto 1in IRR2, and if the IENTG bit in IENR2 is 1, timer G sends
request to the CPU. For details of the interrupt, see 3.3., Interrupts.

Timer G has a built-in noise canceler that enables high-frequency component nois
eliminated from pulses input from the TMIG pin. For details, see 9.5.3, Noise Car

Note: * An input capture signal may be generated when TMIG is modified.

b.

Interval timer operation

When the TMIG hit iscleared to 0 in PMR1, timer G functions as an interval time
areset, TCG starts incrementing on the @/64 internal clock. Theinput clock can b
from four internal clock sources by bits CKS1 and CKS0in TMG. TCG incremer
selected clock, and when it overflows from H’' FF to H' 00, the OVFL hitissetto 1
the OVIE bitin TMGis 1 at thistime, IRRTGissetto 1in IRR2, and if the IENT!
IENR2is1, timer G sends an interrupt request to the CPU. For details of the inter
3.3, Interrupts.
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edges.
Figure 9.10 shows the timing for rising/falling edge input capture input.

Input capture
input signal

.

Input capture

signal F

N

Input capture

signal R

Figure9.10 Input Capturelnput Timing (without Noise Cancellation Func

b. With noise cancellation function

When noise cancellation is performed on the input capture input, the passage of the
capture signal through the noise canceler resultsin a delay of five sampling clock ¢
the input capture input signal edge.

Figure 9.11 shows the timing in this case.
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Input capture

signal R |_|_

Figure9.11 Input Capturelnput Timing (with Noise Cancellation Funct
4. Timing of input capture by input capture input

Figure 9.12 shows the timing of input capture by input capture input

Input capture
signal

TCG N-1 X N X N

Input capture
. H'XX >< N
register

Figure9.12 Timing of Input Capture by Input Capture Input
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Input capture
signal F

Input capture

signal R ()()
4
TCG N >< H'00 (« N
Figure9.13 TCG Clear Timing
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Interval Reset Functions* Functions* Functions/ Functions/ Functions/ Halted
halted* halted* halted*

ICRGF Reset Functions* Functions* Functions/ Functions/ Functions/ Held
halted* halted* halted*

ICRGR Reset Functions* Functions* Functions Functions/ Functions/ Held
halted* halted* halted*

TMG Reset Functions Held Held Functions Held Held

Note: * When gw/4 is selected as the TCG internal clock in active mode or sleep mode
system clock and internal clock are mutually asynchronous, synchronization is
by a synchronization circuit. This results in a maximum count cycle error of 1/g
ow/4 is selected as the TCG internal clock in watch mode, TCG and the noise ¢
operate on the gw/4 internal clock without regard to the ggyg subclock (gw/8, ¢
Note that when another internal clock is selected, TCG and the noise canceler
operate, and input of the input capture input signal does not result in input capt

To be operated Timer G in subactive mode or subsleep mode, select gw/4 for i
of TCG and also select gw/2 for sub clock @gyg. When another internal clock i
and when another sub clock (aw/8, gw/4) is selected, TCG and noise canceler
operate.

955 Application Notes
1. Interna clock switching and TCG operation

Depending on the timing, TCG may be incremented by a switch between differenceir
sources. Table 9.14 shows the relation between internal clock switchover timing (by
CKS1 and CKS0) and TCG operation.

When TCG isinternally clocked, an increment pulse is generated on detection of the f
of aninternal clock signal, which is divided from the system clock (@) or subclock (gv
reason, in a case like No. 3 in table 9.14 where the switch is from a high clock signal t
clock signal, the switchover is seen as afalling edge, causing TCG to increment.
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Count |_|
clock

TCG N X : N+1

Write to CKS1 and CKSO

2 Goes from low level to high level  ciock before |
switching J I_I I_,_l_

Clock before

switching

Count |_| |_|

clock

TCG N X N+1 X : N+2

Write to CKS1 ant

3 Goes from high level to low level  ciock before : l_
switching J I—I

Clock before
switching

Count
clock

TCG N X N+1 X N+2

Write to CKS1 and CKSO
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Count / /
clock |_| |_|
TCG N X N+1 X N-

Write to CK

Note: * The switchover is seen as a falling edge, and TCG is incremented.

2. Notes on port mode register modification

The following points should be noted when a port mode register is modified to switch
capture function or the input capture input noise canceler function.

 Switching input capture input pin function

Note that when the pin function is switched by modifying TMIG in port mode registel
which performsinput capture input pin control, an edge will be regarded as having be
the pin even though no valid edge has actually been input. Input capture input signal |
and the conditions for their occurrence, are summarized in table 9.15.
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Generation of falling edge When TMIG is modified from 1 to 0 while the TMIG pi

When NCS is modified from 0 to 1 while the TMIG pir
then TMIG is modified from O to 1 before the signal is
five times by the noise canceler

When NCS is modified from 0 to 1 while the TMIG pir
then TMIG is modified from 1 to O after the signal is s
times by the noise canceler

Note: When the P15 pin is not set as an input capture input pin, the timer G input captt
signal is low.

« Switching input capture input noise canceler function

When performing noise canceler function switching by modifying NCS in port mode re
(PMR3), which controls the input capture input noise canceler, TMIG should first be cl
Note that if NCS is modified without first clearing TMIG, an edge will be regarded as't
input at the pin even though no valid edge has actually been input. Input capture input
edges, and the conditions for their occurrence, are summarized in table 9.16.

Table9.16 Input Capture Input Signal Input Edges Dueto Noise Canceler Func
Switching, and Conditionsfor Their Occurrence

Input Capture Input Signal
Input Edge Conditions

Generation of rising edge When the TMIG pin level is switched from low to high
TMIG is set to 1, then NCS is modified from 0 to 1 be
signal is sampled five times by the noise canceler

Generation of falling edge When the TMIG pin level is switched from high to low
TMIG is set to 1, then NCS is modified from 1 to O be
signal is sampled five times by the noise canceler
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interrupt request flag setting when the pin function is switched: by controlling the pin
the conditions shown in tables 9.15 and 9.16 are not satisfied, or by setting the opposi
generated edge in the IEGS bit in TMG.

Disable interrupts. (Interrupts can also be
Set | bitto 1 in CCR manipulating the interrupt enable bit in int
register 2.)

Manipulate port mode register

| After manipulating he port mode register,

TMIG confirmation time (at least two system

TMIG confirmation time the noise canceler is not used:; at least
I clocks when the noise canceler is used), tl
Clear interrupt request flag to 0 interrupt enable flag to 0.
Clear | bitto 0 in CCR Enable interrupts

Figure9.14 Port Mode Register Manipulation and Interrupt Enable Flag C
Procedure
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Input capture
register GF

Input capture
register GR

H'00

Counter cleared
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Figure9.15 Timer G Application Example
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Features of the watchdog timer are given below.

* Incremented by internal clock source (2/8192 or aw/32).

» A reset signa is generated when the counter overflows. The overflow period can b
from 1 to 256 times 8192/@ or 32/gw (from approximately 4 ms to 1000 ms when
MH2z).

» Use of module standby mode enables this module to be placed in standby modein
when not used.

2. Block diagram

Figure 9.16 shows ablock diagram of the watchdog timer.

aw/32 TCSRW -~

/8192 -
g — pss |[———D TCW
Notation:
TCSRW: Timer control/status register W — |

TCW: Timer counter W
PSS: Prescaler S

Figure9.16 Block Diagram of Watchdog Timer
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Clock stop register 2 CKSTP2 R/W H'FF

Port mode register 3 PMR3 R/W H'00

9.6.2 Register Descriptions

1. Timer control/status register W (TCSRW)
Bit 7 6 5 4 3 2 1

‘ B6WI ‘ TCWE ‘ B4WI ‘TCSRWE‘ B2WiI ‘ WDON ‘ BOWI ‘

Initial value 1 0 1 0 1 0 1
Read/Write R R/W* R R/W* R R/W* R

Note: * Write is permitted only under certain conditions, which are given in the descr

the individual bits.

TCSRW is an 8-hit read/write register that controls write accessto TCW and TCSRW |

controls watchdog timer operations, and indicates operating status.
Bit 7: Bit 6 writeinhibit (B6WI)

Bit 7 controls the writing of datato bit 6 in TCSRW.

Bit 7

B6WI Description

0 Bit 6 is write-enabled

1 Bit 6 is write-protected (i

Thisbit isaways read as 1. Data written to this bit is not stored.
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Bit 5: Bit 4 write inhibit (B4WI)

Bit 5 controls the writing of datato bit 4 in TCSRW.

Bit 5

B4WI Description

0 Bit 4 is write-enabled
1 Bit 4 is write-protected

Thisbit isawaysread as 1. Data written to this bit is not stored.
Bit 4: Timer control/status register W write enable (TCSRWE)

Bit 4 controls the writing of datato TCSRW bits 2 and 0.

Bit 4

TCSRWE Description

0 Data cannot be written to bits 2 and 0
1 Data can be written to bits 2 and 0

Bit 3: Bit 2 write inhibit (B2W!)

Bit 3 controls the writing of datato bit 2 in TCSRW.

Bit 3

B2WiI Description

0 Bit 2 is write-enabled
1 Bit 2 is write-protected

Thisbit isalwaysread as 1. Data written to this bit is not stored.
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Setting conditions:
When TCSRWE =1 and 0 is written in B2WI and 1 is written in WDON

Counting starts when this bit is set to 1, and stops when this bit is cleared to O.
Bit 1. Bit O writeinhibit (BOWI)

Bit 1 controls the writing of datato bit 0 in TCSRW.

Bit 1

BOWI Description

0 Bit O is write-enabled

1 Bit O is write-protected (i

Thisbit isaways read as 1. Data written to this bit is not stored.
Bit 0: Watchdog timer reset (WRST)

Bit O indicates that TCW has overflowed, generating an internal reset signal. The interr
signal generated by the overflow resets the entire chip. WRST is cleared to O by areset
RES pin, or when software writes 0.

Bit 0
WRST Description
0 Clearing conditions:

Reset by RES pin

When TCSRWE = 1, and 0 is written in both BOWI and WRST
1 Setting conditions:

When TCW overflows and an internal reset signal is generated
236
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When TCW overflows from H'FF to H'00, an internal reset signal is generated and Wi
1in TCSRW. Upon reset, TCW isinitialized to H'00.

3. Clock stop register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1

| — | — | — | — | AECKSTP |WDCKSTP|PWCKST
Initial value 1 1 1 1 1 1 1
Read/Write — — — — R/W R/W R/W

CKSTPR2 is an 8-bit read/write register that performs module standby mode control f
modules. Only the bit relating to the watchdog timer is described here. For details of
bits, see the sections on the relevant modules.

Bit 2: Watchdog timer module standby maode control (WDCKSTP)
Bit 2 controls setting and clearing of module standby mode for the watchdog timer.

WDCKSTP Description
0 Watchdog timer is set to module standby mode

1 Watchdog timer module standby mode is cleared (

Note: WDCKSTP is valid when the WDON bit is cleared to 0 in timer control/status re
(TCSRW). If WDCKSTP is set to 0 while WDON is set to 1 (during watchdog ti
operation), 0 will be set in WDCKSTP but the watchdog timer will continue its w
function and will not enter module standby mode. When the watchdog function
WDON is cleared to 0 by software, the WDCKSTP setting will become valid an
watchdog timer will enter module standby mode.
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1 ow/32 selected

9.6.3 Timer Operation

The watchdog timer has an 8-bit counter (TCW) that isincremented by clock input (&/€
ow/32). Theinput clock is selected by bit WDCKS in port mode register 3 (PMR3): g/¢
selected when WDCKSiis cleared to 0, and aw/32 when set to 1. When TCSRWE =11
if Oiswrittenin B2WI and 1 is simultaneously written in WDON, TCW starts counting
the TCW count reaches H'FF, the next clock input causes the watchdog timer to overflc
internal reset signal is generated one reference clock (@ or @gyg) cycle later. Theintern
signal is output for 512 clock cycles of the gogc clock. It is possible to writeto TCW, ¢
TCW to count up from the written value. The overflow period can be set in the range fr
256 input clocks, depending on the value written in TCW.

Figure 9.17 shows an example of watchdog timer operations.
Example: @=2 MHz and the desired overflow period is 30 ms.

2 x 10°
8192

x 30 x 10° = 7.3

The value set in TCW should therefore be 256 — 8 = 248 (H'F8).
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Stat | | | !

H'F8 written H'F8 written in TCW Reset
in TCW
Internal reset
signal
il ——

512 gogc clock cycle:

Figure9.17 Typical Watchdog Timer Operations (Example)

9.64 Watchdog Timer Operation States
Table 9.18 summarizes the watchdog timer operation states.

Table9.18 Watchdog Timer Operation States

Sub- Sub-

Operation Mode Reset Active Sleep Watch active sleep Standt

TCW Reset Functions Functions Halted Functions/ Halted Halted
Halted*

TCSRW Reset Functions Functions Retained Functions/ Retained Retaine
Halted*

Note: * Functions when gw/32 is selected as the input clock.
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« Can count asynchronous events

Can count external events input asynchronously without regard to the operation of base
and gsyp.

The counter has a 16-bit configuration, enabling it to count up to 65536 (2'°) events.

Can also be used as two independent 8-bit event counter channels.
Counter resetting and halting of the count-up function controllable by software
Automatic interrupt generation on detection of event counter overflow

Use of module standby mode enables this module to be placed in standby mode ind
when not used.
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OVH
ECH
n ]
AEVH O >
OVL
ECL CK 4—‘
AEVL O L/
Notation:
ECCSR : Event counter control/status register
ECH : Event counter H
ECL . Event counter L

AEVH : Asynchronous event input H
AEVL : Asynchronous event input L
IRREC : Event counter overflow interrupt request flag

Figure9.18 Block Diagram of Asynchronous Event Counter
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4. Register configuration
Table 9.20 shows the register configuration of the asynchronous event counter.

Table9.20 Asynchronous Event Counter Registers

Name Abbrev. R/W Initial Value
Event counter control/status register ECCSR R/W H'00
Event counter H ECH R H'00
Event counter L ECL R H'00
Clock stop register 2 CKSTP2 R/W H'FF

9.7.2 Register Descriptions

1. Event counter control/status register (ECCSR)

Bit 7 6 5 4 3 2 1
OVH ot | — | cHz | cuen | cueL | cren

Initial Value 0 0 0 0 0 0 0

Read/Write R/W* R/W* RIW R/W RW R/W RW

Note: * Bits 7 and 6 can only be written with O, for flag clearing.

ECCSR isan 8-hit read/write register that controls counter overflow detection, counter
and halting of the count-up function.

ECCSR isinitialized to H'00 upon reset.

242
RENESAS



OVH Description

0 ECH has not overflowed (
Clearing conditions:
After reading OVH = 1, cleared by writing 0 to OVH

1 ECH has overflowed
Setting conditions:
Set when ECH overflows from H'FF to H'00

Bit 6: Counter overflow flag L (OVL)

Bit 6 isa status flag indicating that ECL has overflowed from H'FF to H'00. Thisflag
ECL overflows. It iscleared by software but cannot be set by software. OVL isclear
reading it when set to 1, then writing O.

Bit 6
OVL Description
0 ECL has not overflowed (

Clearing conditions:
After reading OVL = 1, cleared by writing 0 to OVL

1 ECL has overflowed
Setting conditions:
Set when ECL overflows from H'FF to H'00 while CH2 is setto 1

Bit 5: Reserved hit

Bit 5isreserved; it can be read and written, and isinitialized to O upon reset.
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Bit 4

CH2 Description

0 ECH and ECL are used together as a single-channel 16-bit event counter
(i

1 ECH and ECL are used as two independent 8-bit event counter channels

Bit 3: Count-up enable H (CUEH)

Bit 3 enables event clock input to ECH. When 1 iswritten to this bit, event clock input
and increments the counter. When 0 iswritten to this bit, event clock input is disabled
ECH valueisheld. The AEVH pin or the ECL overflow signal can be selected asthe €
source by bit CH2.

Bit 3

CUEH Description

0 ECH event clock input is disabled (i
ECH value is held

1 ECH event clock input is enabled

Bit 2: Count-up enable L (CUEL)

Bit 3 enables event clock input to ECL. When 1 iswritten to this bit, event clock input
and increments the counter. When 0 is written to this bit, event clock input is disabled
ECL valueisheld.

Bit 2

CUEL Description

0 ECL event clock input is disabled (i
ECL value is held

1 ECL event clock input is enabled
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Bit 0: Counter reset control L (CRCL)

Bit O controls resetting of ECL. When this bit is cleared to O, ECL isreset. When 1 i
this bit, the counter reset is cleared and the ECL count-up function is enabled.

Bit 0

CRCL Description

0 ECL is reset (
1 ECL reset is cleared and count-up function is enabled

2. Event counter H (ECH)

Bit 7 6 5 4 3 2 1

| Ech7 | Ecte | Echs | Echa | Echs | EcH2 | EcH1
Initial Value 0 0 0 0 0 0 0
Read/Write R R R R R R R

ECH is an 8-hit read-only up-counter that operates either as an independent 8-bit even
as the upper 8-hit up-counter of a 16-bit event counter configured in combination witt
Either the external asynchronous event AEVH pin or the overflow signal from lower ¢
ECL can be selected as the input clock source by bit CH2. ECH can be cleared to H'C
software, and is also initialized to H'00 upon reset.
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Initial Value 0 0 0 0 0 0 0
Read/Write R

4. Clock stop register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1

| — | — | — | — | AECKSTP |WDCKSTP|PWCKSTP
Initial value 1 1 1 1 1 1 1
Read/Write — — — — R/W R/W R/W

CKSTPR2 is an 8-hit read/write register that performs module standby maode control fc
modules. Only the bit relating to the asynchronous event counter is described here. Fo
the other bits, see the sections on the relevant modules.

Bit 3: Asynchronous event counter modul e standby mode control (AECKSTP)
Bit 3 controls setting and clearing of module standby mode for the asynchronous event

AECKSTP  Description

0 Asynchronous event counter is set to module standby mode
1 Asynchronous event counter module standby mode is cleared (i
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Qt;ﬁ)
Clear CH2to O

Clear CUEH, CUEL, CRCH, and CRCLto O

Y

Clear OVH and OVL to O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9.19 Example of Software Processing when Using ECH and ECL as 16
Counter

AsCH2iscleared to O by areset, ECH and ECL operate as a 16-bit event counter afte
They can aso be used as a 16-bit event counter by carrying out the software processir
the examplein figure 9.19. The operating clock source is asynchronous event input fr
AEVL pin. When the next clock is input after the count value reaches H'FF in both E
ECL, ECH and ECL overflow from H'FFFF to H'0000, the OVH flagissetto 1 in EC
ECH and ECL count values each return to H'00, and counting up is restarted. When c
occurs, the IRREC bitissetto 1in IRR2. If the IENEC bit in IENR2 is 1 at thistime,
request is sent to the CPU.

2. 8-bit event counter operation

When bit CH2 isset to 1 in ECCSR, ECH and ECL operate as independent 8-bit even
Figure 9.20 shows an example of the software processing when ECH and ECL are use
event counters.
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Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9.20 Example of Software Processing when Using ECH and ECL as 8-E
Counters

ECH and ECL can be used as 8-bit event counters by carrying out the software process
in the example in figure 9.20. The 8-bit event counter operating clock source is asynch
event input from the AEVH pin for ECH, and asynchronous event input from the AEV|
ECL. When the next clock isinput after the ECH count value reaches H'FF, ECH over
OVH flag isset to 1 in ECCSR, the ECH count value returns to H'00, and counting up |
Similarly, when the next clock isinput after the ECL count value reaches H'FF, ECL o
the OVL flagisset to 1 in ECCSR, the ECL count value returns to H'00, and counting |
restarted. When overflow occurs, the IRREC hitissetto 1in IRR2. If the IENEC bit |
1 at thistime, an interrupt request is sent to the CPU.

9.74 Asynchronous Event Counter Operation Modes
Asynchronous event counter operation modes are shown in table 9.21.

Table9.21 Asynchronous Event Counter Operation Modes

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
ECCSR Reset Functions Functions Held* Functions Functions Held*
ECH Reset Functions Functions* Functions* Functions Functions Functions
ECL Reset Functions Functions* Functions* Functions Functions Functions

Note: * When an asynchronous external event is input, the counter increments but the ¢
overflow H/L flags are not affected.
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V), ub tol1 MHz (.others) for input to the AE\]I:| and AEVL pi ﬁs énd ensuretﬁatvt]
low widths of the clock are at least 83 ns. The duty cycle isimmaterial.

Maximum AEV
Mode Input Clock Fr

16-bit mode Internal step-dc

8-bit mode  Active (high-speed), sleep (high-speed) not used:

VCC =451t05!.!
VCC =3.0to 5!
VCC =2.61t05.
VCC =2.2to5!

Other than abo

Internal step-dc
used:

VCC =2.2t05.!
Other than abo!

8-bit mode  Active (medium-speed), sleep (medium-speed) (2/16) 2 - fosc
(2/32)  fosc
(ﬂ/64) 1/2 - fosc

fosc =400 kHz to 4 MHz (2/128) 1/4 - fosc

8-bit mode  Watch, subactive, subsleep, standby (sw/2) 1000 kHz
(ew/4) 500 kHz
pw = 32.768 kHz or 38.4 kHz (ow/8) 250 kHz

3. When AEC uses with 16-bit mode, set CUEH in ECCSR to “1” first, set CRCH in
“1" second, or set both CUEH and CRCH to “1" at same time before clock entry.
is operating on 16-bit mode, do not change CUEH. Otherwise, ECH will be miscc
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S€ral communication interfrace o (oL1o) Can Carry Out Serlal dala communiCation in €
asynchronous or synchronous mode. It isalso provided with a multiprocessor commu
function that enables serial datato be transferred among processors.

10.1.1 Features
Features of SCI3 are listed below.

» Choice of asynchronous or synchronous mode for serial data communication
O Asynchronous mode

Serial data communication is performed asynchronously, with synchronization
character by character. Inthis mode, serial data can be exchanged with standa
asynchronous communication L SIs such as a Universal Asynchronous
Receiver/Transmitter (UART) or Asynchronous Communication Interface Adz
(ACIA). A multiprocessor communication function is aso provided, enabling
communication among processors.

Thereis achoice of 16 data transfer formats.

Data length 7, 8, 5 bits

Stop bit length 1 or 2 bits

Parity Even, odd, or none

Multiprocessor bit “1” or “0”

Receive error detection Parity, overrun, and framing errors

Break detection Break detected by reading the RXD 3, pin level directly

framing error occurs

RENESAS



Separate transmission and reception units are provided, enabling transmission and r
be carried out simultaneously. The transmission and reception units are both doubl
allowing continuous transmission and reception.

*  On-chip baud rate generator, allowing any desired hit rate to be selected
* Choice of aninternal or externa clock as the transmit/receive clock source

e Six interrupt sources: transmit end, transmit data empty, receive data full, overrun €
framing error, and parity error

252
RENESAS



onGw - onn
Clock
2
Transmit/receive p
control circuit N SCR3 i
©
g
—
[ s
=
Y
TXD o= ﬁ TSR ‘«—{ TDR F»
SPCR
Y
RXD O +’ RSR }—»’ RDR }—»
Notation:
RSR: Receive shift register
RDR:  Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR:  Serial mode register
SCR3: Serial control register 3
SSR: Serial status register
BRR:  Bitrate register
BRC:  Bitrate counter
SPCR: Serial port control register

Interr
(TEI,

Figure10.1 SCI3 Block Diagram
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Output

SCI3 transmit data output TXD3y SCI3 transmit data o
10.1.4 Register configuration

Table 10.2 shows the SCI3 register configuration.

Table10.2 Registers

Name Abbrev. R/W Initial Value Ad
Serial mode register SMR R/W H'00 H'F
Bit rate register BRR R/W H'FF H'F
Serial control register 3 SCR3 R/W H'00 H'F
Transmit data register TDR R/W H'FF H'F
Serial data register SSR R/W H'84 H'F
Receive data register RDR R H'00 H'F
Transmit shift register TSR Protected — —
Receive shift register RSR Protected — —
Bit rate counter BRC Protected — —
Clock stop register 1 CKSTPR1 R/W H'FF H'F
Serial port control register SPCR R/W H'CO H'F
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RSR isaregister used to receive serial data. Serial datainput to RSR from the RXDs;
the order in which it is received, starting from the LSB (bit 0), and converted to parall
When one byte of dataisreceived, it istransferred to RDR automatically.

RSR cannot be read or written directly by the CPU.

10.2.2 Receivedataregister (RDR)

Bit 7 6 5 4 3 2 1

‘ RDR7 ‘ RDR6 ‘ RDR5 ‘ RDR4 ‘ RDR3 ‘ RDR2 ‘ RDR1
Initial value 0 0 0 0 0 0 0
Read/Write R R R R R R R

RDR is an 8-hit register that stores received serial data.

When reception of one byte of datais finished, the received datais transferred from R
and the receive operation is completed. RSR isthen ableto receive data. RSR and Rl
double-buffered, allowing consecutive receive operations.

RDR is aread-only register, and cannot be written by the CPU.

RDR isinitialized to H'00 upon reset, and in standby, module standby or watch mode.
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and serial datatransmission is carried out by sending the data to the TXD3y pin in orde
from the LSB (bit 0). When one byte of data is transmitted, the next byte of transmit d:
transferred to TDR, and transmission started, automatically. Datatransfer from TDR tc
not performed if no data has been written to TDR (if bit TDRE isset to 1 in the serid s
register (SSR)).

TSR cannot be read or written directly by the CPU.

10.24 Transmit dataregister (TDR)

Bit 7 6 5 4 3 2 1

‘ TDR7 ‘ TDR6 ‘ TDR5 ‘ TDR4 ‘ TDR3 ‘ TDR2 ‘ TDR1 ‘
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W

TDR isan 8-bit register that stores transmit data. When TSR isfound to be empty, the
datawritten in TDR istransferred to TSR, and serial data transmission is started. Cont
transmission is possible by writing the next transmit datato TDR during TSR seria dat
transmission.

TDR can beread or written by the CPU at any time.

TDRisinitiaized to H'FF upon reset, and in standby, module standby, or watch mode.
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the baud rate genervator.

SMR can be read or written by the CPU at any time.

SMRisinitialized to H'00 upon reset, and in standby, modul e standby, or watch mode
Bit 7: Communication mode (COM)

Bit 7 selects whether SCI3 operates in asynchronous mode or synchronous mode.

Bit 7

COM Description

0 Asynchronous mode (
1 Synchronous mode

Bit 6: Character length (CHR)

Bit 6 selects either 7 or 8 bits as the data length to be used in asynchronous mode. In:
mode the data length is always 8 bits, irrespective of the bit 6 setting.

Bit 6

CHR Description

0 8-bit data/5-bit data"? (
1 7-bit data"*/5-bit data’?

Notes: 1. When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

2. When 5-bit data is selected, set both PE and MP to 1. The three most sign
(bits 7, 6, and 5) of TDR are not transmitted.
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1 Parity bit adaition ana checking enabled ~ ~

Notes: 1. When PE is set to 1, even or odd parity, as designated by bit PM, is added t
data before it is sent, and the received parity bit is checked against the parit)
designated by bit PM.

2. For the case where 5-bit data is selected, see table 10.11.

Bit 4: Parity mode (PM)

Bit 4 selects whether even or odd parity is to be used for parity addition and checking.
setting isonly valid in asynchronous mode when bit PE is set to 1, enabling parity bit a
checking. The PM bit setting isinvalid in synchronous mode, and in asynchronous mo
bit addition and checking is disabled.

Bit 4

PM Description

0 Even parity™* (i
1 Odd parity™?

Notes: 1. When even parity is selected, a parity bit is added in transmission so that the
number of 1 bits in the transmit data plus the parity bit is an even number; in
a check is carried out to confirm that the number of 1 bits in the receive data
parity bit is an even number.

2. When odd parity is selected, a parity bit is added in transmission so that the
number of 1 bits in the transmit data plus the parity bit is an odd number; in
check is carried out to confirm that the number of 1 bits in the receive data p
parity bit is an odd number.
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1 2 Stop bits ©

Notes: 1. Intransmission, a single 1 bit (stop bit) is added at the end of a transmit ch:
2. Intransmission, two 1 bits (stop bits) are added at the end of a transmit che

In reception, only the first of the received stop bitsis checked, irrespective of the STC
If the second stop bitis 1 it istreated as astop bit, but if O, it is treated as the start bit ¢
transmit character.

Bit 2: Multiprocessor mode (MP)

Bit 2 enables or disables the multiprocessor communication function. When the muilti
communication function is disabled, the parity settings in the PE and PM bits areinva
bit setting is only valid in asynchronous mode. When synchronous mode is selected tl
should be set to 0. For details on the multiprocessor communication function, see 10..
Multiprocessor Communication Function.

Bit 2

MP Description

0 Multiprocessor communication function disabled* (
1 Multiprocessor communication function enabled*

Note: * For the case where 5-bit data is selected, see table 10.11.
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0 1 @ w/2 clock’ /@ w clock’?

1 0 /16 clock

1 1 @/64 clock

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. @ w clock in subactive mode and subsleep mode
3. In subactive or subsleep mode, SCI3 can be operated when CPU clock is o\

10.26  Serial control register 3 (SCR3)

Bit 7 6 5 4 3 2 1

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

SCR3 is an 8-hit register for selecting transmit or receive operation, the asynchronous
output, interrupt request enabling or disabling, and the transmit/receive clock source.

SCR3 can be read or written by the CPU at any time.

SCR3isinitialized to H'00 upon reset, and in standby, module standby or watch mode.
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Transmit data empty interrupt request (TXI) disabled (

Transmit data empty interrupt request (TXI) enabled

Bit 6: Receive interrupt enable (RIE)

Bit 6 selects enabling or disabling of the receive data full interrupt request (RXI1) and
error interrupt request (ERI) when receive datais transferred from the receive shift re
to the receive dataregister (RDR), and bit RDRF in the serial status register (SSR) is:
There are three kinds of receive error: overrun, framing, and parity.

RXI can be released by clearing bit RDRF or the FER, PER, or OER error flagto 0, 0

bit RIE to 0.

Bit 6

RIE Description

0 Receive data full interrupt request (RXI) and receive error interrupt

request (ERI) disabled

Receive data full interrupt request (RXI) and receive error interrupt
request (ERI) enabled

Bit 5: Transmit enable (TE)

Bit 5 selects enabling or disabling of the start of transmit operation.

Bit 5

TE Description

0 Transmit operation disabled™* (TXD pin is I/O port) (
1 Transmit operation enabled’? (TXD pin is transmit data pin)

Notes: 1. Bit TDRE in SSR is fixed at 1.

2.

When transmit data is written to TDR in this state, bit TDR in SSR is cleare
serial data transmission is started. Be sure to carry out serial mode registe
settings, and setting of bit SPC31 or SPC32 in SPCR, to decide the transm
before setting bit TE to 1.
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Cleared to O, ana retain their previous state.

2. In this state, serial data reception is started when a start bit is detected in as
mode or serial clock input is detected in synchronous mode. Be sure to carr
mode register (SMR) settings to decide the reception format before setting b

Bit 3: Multiprocessor interrupt enable (MPIE)

Bit 3 selects enabling or disabling of the multiprocessor interrupt request. The MPIE b
only valid when asynchronous mode is selected and reception is carried out with bit Ml
setto 1. The MPIE bit setting isinvalid when bit COM is set to 1 or bit MP iscleared

Bit 3

MPIE Description

0 Multiprocessor interrupt request disabled (normal receive operation) (i
Clearing conditions:
When data is received in which the multiprocessor bit is set to 1

1 Multiprocessor interrupt request enabled*

Note: * Receive data transfer from RSR to RDR, receive error detection, and setting of t
FER, and OER status flags in SSR is not performed. RXI, ERI, and setting of thi
FER, and OER flags in SSR, are disabled until data with the multiprocessor bit s
received. When a receive character with the multiprocessor bit set to 1 is receiv
MPBR in SSR is set to 1, bit MPIE is automatically cleared to 0, and RXI and ER
(when bits TIE and RIE in serial control register 3 (SCR3) are set to 1) and settir
RDRF, FER, and OER flags are enabled.
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Note: * TEI can be released by clearing bit TDRE to 0 and clearing bit TEND to 0 in SS
clearing bit TEIE to 0.

Bits 1 and 0: Clock enable 1 and 0 (CKE1, CKEO)

Bits 1 and O select the clock source and enabling or disabling of clock output from the
The combination of CKE1 and CKEO determines whether the SCK 3, pin functions as
aclock output pin, or aclock input pin.

The CKEO bit setting is only valid in case of internal clock operation (CKE1 = 0) in &
mode. In synchronous mode, or when external clock operation is used (CKE1 = 1), bi
should be cleared to O.

After setting bits CKE1 and CKEQ, set the operating mode in the serial mode register

For details on clock source selection, see table 10.4 in 10.1.3, Operation.

Bit 1 Bit O Description

CKE1l CKEO Communication Mode Clock Source SCK3y Pin Fu

0 0 Asynchronous Internal clock I/O port™®
Synchronous Internal clock Serial clock ot

0 1 Asynchronous Internal clock Clock output?
Synchronous Reserved

1 0 Asynchronous External clock Clock input™®
Synchronous External clock Serial clock in,

1 1 Asynchronous Reserved
Synchronous Reserved

Notes: 1. Initial value

2. A clock with the same frequency as the bit rate is output.

3.

Input a clock with a frequency 16 times the bit rate.
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SoR IS an o-DIt register containing status 1lags that 1naicate the operational Status o St
multiprocessor hits.

SSR can be read or written by the CPU at any time, but only awrite of 1 ispossibleto |
RDRF, OER, PER, and FER. In order to clear these bits by writing 0, 1 must first be re

Bits TEND and MPBR are read-only bits, and cannot be modified.
SSRisinitialized to H'84 upon reset, and in standby, module standby, or watch mode.
Bit 7: Transmit data register empty (TDRE)

Bit 7 indicates that transmit data has been transferred from TDR to TSR.

Bit 7
TDRE Description
0 Transmit data written in TDR has not been transferred to TSR
Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE
When data is written to TDR by an instruction
1 Transmit data has not been written to TDR, or transmit data written in
TDR has been transferred to TSR
Setting conditions:
When bit TE in SCR3 is cleared to 0
When data is transferred from TDR to TSR (i
264
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1 There is receive data in RDR
Setting conditions:
When reception ends normally and receive data is transferred from RSR

Note: If an error is detected in the receive data, or if the RE bit in SCR3 has been cle
RDR and bit RDRF are not affected and retain their previous state.
Note that if data reception is completed while bit RDRF is still set to 1, an overr
(OER) will result and the receive data will be lost.

Bit 5: Overrun error (OER)

Bit 5 indicates that an overrun error has occurred during reception.

Bit 5

OER Description

0 Reception in progress or completed™ (
Clearing conditions:
After reading OER = 1, cleared by writing 0 to OER

1 An overrun error has occurred during reception’?

Setting conditions:
When reception is completed with RDRF set to 1

Notes: 1. When bit RE in SCR3 is cleared to 0, bit OER is not affected and retains its
state.
2. RDR retains the receive data it held before the overrun error occurred, and
received after the error is lost. Reception cannot be continued with bit OEF
and in synchronous mode, transmission cannot be continued either.
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A 2t~ i

Setting conditions:

When the stop bit at the end of the receive data is checked for a value
of 1 at the end of reception, and the stop bit is 0"

Notes: 1.

2.

When bit RE in SCR3 is cleared to 0, bit FER is not affected and retains its
state.

Note that, in 2-stop-bit mode, only the first stop bit is checked for a value of :
second stop bit is not checked. When a framing error occurs the receive dat
transferred to RDR but bit RDRF is not set. Reception cannot be continued
FER set to 1. In synchronous mode, neither transmission nor reception is p
when bit FER is set to 1.

Bit 3: Parity error (PER)

Bit 3 indicates that a parity error has occurred during reception with parity added in asy

mode.
Bit 3
PER Description
0 Reception in progress or completed™* (i
Clearing conditions:
After reading PER = 1, cleared by writing 0 to PER
1 A parity error has occurred during reception™
Setting conditions:
When the number of 1 bits in the receive data plus parity bit does not
match the parity designated by bit PM in the serial mode register (SMR)
Notes: 1. When bit RE in SCR3 is cleared to 0, bit PER is not affected and retains its |
state.
2. Receive data in which it a parity error has occurred is still transferred to RDF
RDRF is not set. Reception cannot be continued with bit PER set to 1. In s)
mode, neither transmission nor reception is possible when bit FER is set to !
266
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After reading TDRE = 1, cleared by writing 0 to TDRE
When data is written to TDR by an instruction

1 Transmission ended (
Setting conditions:
When bit TE in SCR3 is cleared to 0
When bit TDRE is set to 1 when the last bit of a transmit character is ser

Bit 1: Multiprocessor bit receive (MPBR)

Bit 1 stores the multiprocessor bit in areceive character during multiprocessor format
asynchronous mode.

Bit 1 isaread-only bit and cannot be modified.

Bit 1

MPBR Description

0 Data in which the multiprocessor bit is 0 has been received* (
1 Data in which the multiprocessor bit is 1 has been received

Note: * When bit RE is cleared to 0 in SCR3 with the multiprocessor format, bit MPBR
affected and retains its previous state.

Bit O0: Multiprocessor bit transfer (MPBT)

Bit O stores the multiprocessor bit added to transmit data when transmitting in asynchi
mode. The bit MPBT setting isinvalid when synchronous mode is selected, when the
multiprocessor communication function is disabled, and when not transmitting.

Bit 0

MPBT Description

0 A 0 multiprocessor bit is transmitted (
1 A 1 multiprocessor bit is transmitted
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rale generator operating Clock selected by DIts CK ol and CK SV O the Serfal moade regi:
BRR can be read or written by the CPU at any time.
BRRisinitialized to H'FF upon reset, and in standby, module standby, or watch mode.

Table 10.3 shows examples of BRR settings in asynchronous mode. The values shown
active (high-speed) mode.

Table10.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mod

oscC

32.8 kHz 38.4 kHz 2 MHz 2.4576 MHz
B Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n
110 Cannot be used, — — — —_ = - 2 21 -0.83 —
150 as error 0 3 0 2 12 0.16 3 3 0 2
200 exceeds 3% 0o 2 0 0 155016 3 2 O —
250 —_ - — 0 124 0 0 153 -0.26 0
300 0 1 o0 0 103016 3 1 O 2
600 0 0 O 0O 51 016 3 0 O 0
1200 —_ - — 0 25 0.16 2 1 0 0
2400 - - = 0 12 016 2 0 O 0
4800 - = = = = = o 7 0 0
9600 —_ - — —_ - - 0 3 0 —
19200 - = = = = = 0O 1 0 —
31250 - = = = = = = - — 0
38400 —_ - — —_ - - 0 0 0 —
268
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n: Baud rate generator input clock number (n=0, 2, or 3)
(The relation between n and the clock is shown in table 10.4.)

3. Theerror in table 10.3 is the value obtained from the following eguation, r
two decimal places.

B (rate obtained from n, N, OSC) — R(bit rate in left-hand column in table 10.3.
R (bit rate in left-hand column in table 10.3.)

Error (%) =

Table10.4 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 a 0 0
0 o,/2 18, 0 1
2 /16 1 0
3 /64 1 1

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. g w clock in subactive mode and subsleep mode
3. In subactive or subsleep mode, SCI3 can be operated when CPU clock is ¢

Table 10.5 shows the maximum bit rate for each frequency. The values shown are for
(high-speed) mode.
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* : When SMR is set up to CKS1 = “0", CKS0 = “1".

Table 10.6 shows examples of BRR settings in synchronous mode. The values shown
active (high-speed) mode.

Table10.6 Examplesof BRR Settingsfor Various Bit Rates (Synchronous Mode

osC
B Bit Rate 38.4 kHz 2 MHz 4 MH
(bit/s) n N Error n N Error n N

200 0 23 0 — — — — —

250 — — — — — — 2 124

300 2 0 0 — — — — —

500 — — —

1k 249

2.5k 99 199

5k 49 99

10k 24 49

25k

50k

100k — — —

250k 0 0 0

oOolojlojlojlo|lo|o|o

O|Fr, | h~|©

500k

1M

Blank: Cannot be set.
—: A setting can be made, but an error will result.
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(The relation between n and the clock is shown in table 10.7.)

Table10.7 Relation between n and Clock

SMR Setting
n Clock CKs1 CKSO0
0 a 0 0
0 o2 13, 0 1
2 a/16 1 0
3 2/64 1 1

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. g w clock in subactive mode and subsleep mode
3. In subactive or subsleep mode, SCI3 can be operated when CPU clock is ¢

RENESAS



modules. Only the bitsrelating to SCI3 are described here. For details of the other bit:
sections on the relevant modules.

Bit 6: SCI3-1 module standby mode control (S31CKSTP)

Bit 6 controls setting and clearing of modul e standby mode for SCI31.

S31CKSTP Description

0 SCI3-1 is set to module standby mode

1 SCI3-1 module standby mode is cleared (i

Note: All SCI31 register is initialized in module standby mode.

Bit 5: SCI3-2 module standby mode control (S32CKSTP)
Bit 5 controls setting and clearing of modul e standby mode for SCI32.

S32CKSTP Description

0 SCI3-2 is set to module standby mode

1 SCI3-2 module standby mode is cleared (i

Note: All SCI32 register is initialized in module standby mode.
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input/output data inversion switchi ng.v SPCR is.i nitialized to HV'EZO by avrhéset.
Bit 0: RXD3; pin input datainversion switch
Bit 0 specifies whether or not RXD3; pin input dataisto be inverted.

Bit 0
SCINVO Description

0 RXD3; input data is not inverted

1 RXD3; input data is inverted

Bit 1: TXD3; pin output datainversion switch
Bit 1 specifies whether or not TXD3; pin output datais to be inverted.

Bit 1
SCINV1 Description

0 TXD3; output data is not inverted

1 TXDg3; output data is inverted

Bit 2: RXD3; pin input data inversion switch
Bit 2 specifies whether or not RXD3, pin input dataisto be inverted.

Bit 2
SCINV2 Description

0 RXD3, input data is not inverted

1 RXD3, input data is inverted
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Bit 4: P35/TXD31 pin function switch (SPC31)

This bit selects whether pin P35/TXD3; isused as P35 or as TXDa3;j.

Bit 4

SPC31 Description

0 Functions as P35 I/O pin (i
1 Functions as TXD3; output pin*

Note: * Set the TE bit in SCRS3 after setting this bit to 1.

Bit 5: P4,/TXD3, pin function switch (SPC32)

This bit selects whether pin P4,/TXDz3, is used as P4, or as TXDa3).

Bit 5

SPC32 Description

0 Functions as P4, 1/O pin (i
1 Functions as TXD3, output pin*

Note: * Set the TE bit in SCRS3 after setting this bit to 1.

Bits 7 to 6: Reserved hits

Bits 7 to 6 are reserved; they are alwaysread as 1 and cannot be modified.

274
RENESAS



The clock source for SCI3 is determined by bit COM in SMR and bits CKE1 and CKI
as shown in table 10.9.

1.

Synchronous mode

Choice of 5-, 7-, or 8-hit datalength

Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop k
combination of these parameters determines the data transfer format and the chara
Framing error (FER), parity error (PER), overrun error (OER), and break detectior
reception

Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, ar
with the same frequency as the bit rate can be output.

When external clock is selected: A clock with afrequency 16 times the bit rate mu
(The on-chip baud rate generator is not used.)

Synchronous mode

Datatransfer format: Fixed 8-bit data length
Overrun error (OER) detection during reception
Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, ar
clock is output.

When external clock is selected: The on-chip baud rate generator is not used, and
operates on the input serial clock.
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0 7-bit data No
1
0 Yes
1
0 8-bit data Yes No
1
0 5-bit data No
1
0 7-bit data Yes
1
0 5-bit data No Yes
1
1 * Synchronous 8-bit data No No
mode
*
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1 0 0 Synchronous Internal Outputs serial clock
1 0 mode External Inputs serial clock

0 1 1 Reserved (Do not specify these combinations)

1 0 1

1 1 1

3. Interrupts and continuous transmission/reception

SCI3 can carry out continuous reception using RX| and continuous transmission using
These interrupts are shown in table 10.10.

Table 10.10 Transmit/Receive Interrupts

Interrupt Flags Interrupt Request Conditions

Notes

RXI RDRF  When serial reception is performed

RIE normally and receive data is transferred
from RSR to RDR, bit RDRF is setto 1,
and if bit RIE is set to 1 at this time, RXI
is enabled and an interrupt is requested.

(See figure 10.2 (a).)

The RXI interrupt routine
receive data transferred
clears bit RDRF to 0. C
reception can be perforr
repeating the above ope
reception of the next RS
completed.

TXI TDRE When TSR is found to be empty (on

TIE completion of the previous transmission)
and the transmit data placed in TDR is
transferred to TSR, bit TDRE is set to 1.
If bit TIE is set to 1 at this time, TXI is
enabled and an interrupt is requested.

(See figure 10.2 (b).)

The TXI interrupt routine
next transmit data to TD
bit TDRE to 0. Continuc
transmission can be per
repeating the above ope
the data transferred to T
been transmitted.

TEI TEND When the last bit of the character in

TEIE TSR is transmitted, if bit TDRE is set to
1, bit TEND is setto 1. If bit TEIE is set
to 1 at this time, TEIl is enabled and an
interrupt is requested. (See figure 10.2

(c).)

TEI indicates that the ne
data has not been writte
when the last bit of the t
character in TSR is sent
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TDR (next transmit data) TDR

TSR (transmission in progress) TSR! (transmission compl

ORI A —

TDRE =0 TDRE ~ 1
(TXI request when TIE :

Figure10.2 (b) TDRE Settingand TXI Interrupt

TDR TDR
TSR (transmission in progress) TSR (reception cor
TXDzx pin o<—| | | TXD3y pin O<—|
TEND =0 TEND ~ 1

(TEI request wh

Figure10.2 (c) TEND Settingand TEI Interrupt
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1. Datatransfer format

The general data transfer format in asynchronous communication is shown in figure 1

(LSB) (MSB)
Serial | Start . . Parity Stop
data bit Transmit/receive data bit bit(s)
1 bit 5, 7 or 8 bits 1 bit 1 or 2 bits
or none

One transfer data unit (character or frame)

Figure 10.3 Data Format in Asynchronous Communication

In asynchronous communication, the communication line is normally in the mark stat
level). SCI3 monitors the communication line and when it detects a space (low level)
this as a start bit and begins serial data communication.

One transfer data character consists of a start bit (low level), followed by transmit/rec:
(LSB-first format, starting from the least significant bit), a parity bit (high or low leve
finally one or two stop bits (high level).

In asynchronous mode, synchronization is performed by the falling edge of the start bi
reception. The datais sampled on the 8th pulse of aclock with afrequency 16 timest
period, so that the transfer datais latched at the center of each bit.
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| S | 8-bit data |MPB|STOP
0 0 1 1 | S | 8-bit data |MPB|STOP|STOP|
0 1 0 0
|S | 8-bit data | P |STOP|
0 1 0 1 -
|S | 8-bit data | P |STOP|STOP
0 1 1 0
|s | 5-bit data[sron
0o 1 1 1 :
| S | 5-bit data |STOP STOP|
1 0 0 0 -
| s | 7-bit data |sroe
0 0 1 -
1 | S | 7-bit data |STOP STOP
1 0 1 0 | S | 7-bit data |MPB |STOP
L 0 L L | S | 7-bit data |MPB |STOP STOP
1 1 0 0 |S | 7-bit data | P |STOP‘
1 1 0 1 |S | 7-bit data | P |STOP sTOP
1 1 1 0 |S | 5-bit data | P |STOP
1 1 1 1 |S | 5-bit data | P |STOPSTOP
Notation:
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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When SCI 3 operates on an internal clock, the clock can be output at the SCK 3, pin. In
the frequency of the output clock is the same as the bit rate, and the phase is such that |
rises at the center of each bit of transmit/receive data, as shown in figure 10.4.

Clock

Serial | 0 |Do|D1|D2|D3|D4a|D5|DE| D70 1 1
data

‘ 1 character (1 frame)
\ |

Figure 10.4 Phase Relationship between Output Clock and Transfer Da
(Asynchronous M ode) (8-bit data, parity, 2 stop bits)

3. Datatransfer operations
e SCl3initialization

Before datais transferred on SCI 3, bits TE and RE in SCR3 must first be cleared to 0,
SCI3 must beinitialized as follows.

Note: If the operation mode or data transfer format is changed, bits TE and RE must 1
cleared to O.

When bit TE iscleared to O, bit TDRE is set to 1.

Note that the RDRF, PER, FER, and OER flags and the contents of RDR are re
when RE is cleared to O.

When an external clock is used in asynchronous mode, the clock should not be
during operation, including initialization. When an external clock isused in sy
mode, the clock should not be supplied during operation, including initializatio
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Set bits CKE1
and CKEO

Set data transfer
format in SMR

Set value in BRR

Wait

Has 1-bit period
elapsed?

Yes

Set bits SPC31 and
SPC321to 1in SPCR

Set bits TIE, RIE,
MPIE, and TEIE in
SCR3, and set bits
REand TEto 1
in PMR7

End

Set clock selection in SCR3. Be sure
clear the other bits to 0. If clock outp
is selected in asynchronous mode, th
clock is output immediately after setti
bits CKE1 and CKEDO. If clock output
selected for reception in synchronous
mode, the clock is output immediately
after bits CKE1, CKEO, and RE are
setto 1.

Set the data transfer format in the sel
mode register (SMR).

Write the value corresponding to the
transfer rate in BRR. This operation |
not necessary when an external clocl
is selected.

Wait for at least one bit period, then <
bits TIE, RIE, MPIE, and TEIE in SCF
and set bits RE and TE to 1 in PMR7
Setting bits TE and RE enables the T
and RXD3x pins to be used. In asyn
mode the mark state is established w
transmitting, and the idle state waitin
a start bit when receiving.

Figure10.5 Example of SCI3 Initialization Flowchart
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|
Read bit TDRE

1 in SSR 1. Read the serial status register (SSR)
and check that bit TDRE is setto 1,
——————— then write transmit data to the transmit
data register (TDR). When data is
No written to TDR, bit TDRE is cleared to 0

automatically.
(After the TE bit is set to 1, one frame of

Yes 1s is output, then transmission is possible.)
Write transmit 2. When continuing data transmission,
data to TDR be sure to read TDRE = 1 to confirm that

a write can be performed before writing
data to TDR. When data is written to
TDR, bit TDRE is cleared to 0
automatically.

Continue data
transmission?2

3. Ifabreakis to be output when data

e transmission ends, set the port PCR to 1
and clear the port PDR to 0, then clear bit
Read bit TEND TE in SCR3to 0.

in SSR

>
Yes
Break output?
Yes

Set PDR =0,
PCR=1

Clear bit TEto O
in SCR3

Figure10.6 Example of Data Transmission Flowchart (AsynchronousMc
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transmitted, is established after the stop bit has been sent. If bit TEIE in SCR3isset t
time, a TEI request is made.

Figure 10.12 shows an example of the operation when transmitting in asynchronous rr

Start Transmit Parity Stop Start Transmit Parity St
bit dzita bit  bit  bit daEa bit &
Seral 1 | 0o |po|[p1]|  [p7lon] 1|0 [po[p1]| | |D7 |on ]
data
\ 1 frame | 1 frame

TDRE ) |

TEND } b ! . B
| | | ;

LSI TXI request TDRE TXI request TEI
operation cleared to O

User Data written

processing to TDR

Figure10.7 Example of Operation when Transmitting in Asynchronous!
(8-bit data, parity, 1 stop bit)
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| PER, FER in SSR |

OER + PER
+ FER =17

serial status register (SSR) to d
if there is an error. If a receive
occurred, execute receive error
processing.

2. Read SSR and check that bit RI
setto 1. Ifitis, read the receive
in RDR. When the RDR data is

, Read bit RDRE bit RDRF is cleared to 0 autome
In SSR 3. When continuing data receptior
reading of bit RDRF and RDR b
receiving the stop bit of the curr
No frame. When the data in RDR i
RDRF = 1? bit RDRF is cleared to 0 autome
Yes
Read receive
data in RDR
4 Receive error
processing
\
3 Continue data Yes
reception?
No
(A)
Clear bit RE to
0in SCR3
End
Figure10.8 Example of Data Reception Flowchart (Asynchronous Mod
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No

NO |«

Framing error
processing

]

Clear bits OER, PER,
FER to 0 in SSR

End of receive
error processing

Parity error
processing

L

(A)

DI 15 SCL 10 1.

of a framing err
can be detecte:
the value of the

Figure 10.8 Example of Data Reception Flowchart (Asynchronous M ode)
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SCL N DIL FivE e serid Imode regisier (oSivilg).
e Stop hit check

SCI3 checks that the stop bit is 1. If two stop bits are used, only thefirst is checkeo
» Status check

SCI3 checks that bit RDRF is set to O, indicating that the receive data can be transfe
RSR to RDR.

If no receive error is found in the above checks, bit RDRF is set to 1, and the receive d
in RDR. If bit RIE isset to 1 in SCR3, an RXI interrupt is requested. If the error checl
receive error, bit OER, PER, or FER is set to 1 depending on the kind of error. Bit RD
its state prior to receiving the data. If bit RIE isset to 1in SCR3, an ERI interrupt isre

Table 10.12 shows the conditions for detecting a receive error, and receive data process

Note:  No further receive operations are possible while areceive error flag is set. Bits
FER, PER, and RDRF must therefore be cleared to 0 before resuming receptior

Table 10.12 Receive Error Detection Conditions and Receive Data Processing

Receive Error Abbreviation Detection Conditions Receive Data Proce

Overrun error OER When the next date receive Receive data is not 1
operation is completed while bit  from RSR to RDR
RDREF is still setto 1 in SSR

Framing error FER When the stop bit is 0 Receive data is tran:
from RSR to RDR

Parity error PER When the parity (odd or even) set Receive data is tran:
in SMR is different from that of from RSR to RDR
the received data
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+

LSI RXlI request RDRF 0 start bit
operation cleared to 0 detected
User RDR data read

processing

Figure10.9 Example of Operation when Receiving in Asynchronous M
(8-bit data, parity, 1 stop bit)
10.3.3  Operation in Synchronous M ode

In synchronous mode, SCI3 transmits and receives data in synchronization with clock
mode is suitable for high-speed serial communication.

SCI 3 has separate transmission and reception units, allowing full-duplex communicati
shared clock.

As the transmission and reception units are both double-buffered, data can be written:
transmission and read during reception, making possible continuous transmission and
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Uala -+ | ——

Don't
care

8 hits

One transfer data unit (character or frame)

Note: * High level except in continuous transmission/reception

Figure10.10 Data Format in Synchronous Communication

In synchronous communication, data on the communication line is output from one fall
the seria clock until the next falling edge. Data confirmation is guaranteed at the risin
the serial clock.

One transfer data character begins with the LSB and ends with the MSB. After output !
MSB, the communication line retains the MSB state.

When receiving in synchronous mode, SCI3 latches receive data at the rising edge of tt
clock.

The data transfer format uses a fixed 8-bit data length.
Parity and multiprocessor bits cannot be added.
2. Clock

Either an internal clock generated by the baud rate generator or an external clock input
SCK 34 pin can be selected as the SCI3 serial clock. The selection is made by means of
in SMR and bits CKE1 and CKEOQ in SCR3. Seetable 10.9 for details on clock source

When SCI3 operates on an internal clock, the serial clock is output at the SCK 3, pin. E
of the serial clock are output in transmission or reception of one character, and when St
transmitting or receiving, the clock isfixed at the high level.
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followed for data transmission after initializing SCI 3.

Sets bits SPC31 and
SPC32to 1in SPCR

‘

1. Read the serial status register (SSR) and
check that bit TDRE is set to 1, then write
transmit data to the transmit data register
(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically, the

No clock is output, and data transmission is

started. When clock output is selected,

the clock is output and data transmission
started when data is written to TDR.

Read bit TDRE
1 in SSR

Yes

Write transmit 2. When continuing data transmission, be
data to TDR sure to read TDRE =1 to confirm that

a write can be performed before writing

data to TDR. When data is written to

TDR, bit TDRE is cleared to 0 automatically.

Continue data
transmission?

Read bit TEND
in SSR

No

Yes

Clear bit TEto O
in SCR3

End

Figure10.11 Example of Data Transmission Flowchart (Synchronous M
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When the MSB (bit 7) is sent, checks bit TDRE. If bit TDRE iscleared to 0, SCI3 tran
from TDR to TSR, and starts transmission of the next frame. If bit TDRE issetto 1, S
TEND to 1in SSR, and after sending the MSB (bit 7), retains the MSB state. If bit TE!
isset to 1 at thistime, a TEI request is made.

After transmission ends, the SCK pin isfixed at the high level.

Note: Transmission isnot possible if an error flag (OER, FER, or PER) that indicates
reception statusis set to 1. Check that these error flags are all cleared to 0 bef
transmit operation.

Figure 10.12 shows an example of the operation when transmitting in synchronous moc

- NVANVAVANYV WANVANVANVANY

)] )

Serial

Bit 0 Bit 1 Bit 7 Bit 0 Bit 1 Bit 6 I
data L 2
1 frame 1 frame

TDRE (
TEND T T ) T 7() ’7
LSI TXI request TDRE cleared  TXI request TEI
operation to0
User Data written
processing to TDR

Figure10.12 Example of Operation when Transmitting in Synchronous M
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(ooSR) 10 determine It there IS an error.
If an overrun error has occurred, execute
overrun error processing.

Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
RDR. When the RDR data is read, bit
RDRF is cleared to 0 automatically.

When continuing data reception, finish
reading of bit RDRF and RDR before

receiving the MSB (bit 7) of the current
frame. When the data in RDR is read,
bit RDRF is cleared to 0 automatically.

If an overrun error has occurred, read bit
OER in SSR, and after carrying out the
necessary error processing, clear bit OE
to 0. Reception cannot be resumed if bi
OERis setto 1.

Yes
2.
No
5 Read bit RDRF
in SSR 3.
No
 E——
4.
Yes
Read receive
data in RDR
4 Overrun error
processing
4—‘
3 ContinM
reception?
No
Clear bit RE to 4 Start overrun
0in SCR3 error processing
End Overrun error

processing

Clear bit OER to
0in SSR

End of overrun
error processing

Figure 10.13 Example of Data Reception Flowchart (Synchronous Mo
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If this check shows that there is no overrun error, bit RDRF is set to 1, and the receive «
stored in RDR. If bit RIE isset to 1 in SCR3, an RXI interrupt is requested. If the che
identifies an overrun error, bit OER isset to 1.

Bit RDRF remainssetto 1. If bit RIEisset to 1in SCR3, an ERI interrupt is requesteg
See table 10.12 for the conditions for detecting a receive error, and receive data proces:

Note: No further receive operations are possible while areceive error flag is set. Bits
FER, PER, and RDRF must therefore be cleared to 0 before resuming receptior

Figure 10.14 shows an example of the operation when receiving in synchronous mode.

Serial /—\—/—\ 2
clock L/—\ZM \—/—\—/
(N -

Bit 7 Bit 0 ] Bit 7 Bit 0 Bit 1 Bit 6 B
-

(

Serial
data

1 frame 1 frame

RDRF [ )
OER /A . ) [

LSI RXI request RDRE cleared RXI request ERI
operation to0 resp

ovelr
User RDR data read RDR data has Ove
processing not been read proc

(RDRF = 1)

Figure 10.14 Example of Operation when Receiving in Synchronous Mo

294
RENESAS



Read bit TDRE
in SSR

Yes

Write transmit
data to TDR

-—

Read bit OER
in SSR

OER=17?

No

Read bit RDRF
in SSR

No

Yes

Read receive data

Continue data

transmission/reception?

Clear bits TE and
RE to 0in SCR3

End

in RDR
Overrun error
processing
e ]

Yes

1. Read the serial status register (SSR) and

check that bit TDRE is set to 1, then write
transmit data to the transmit data register
(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically.

Read SSR and check that bit RDRF is set
to 1. Ifitis, read the receive data in RDR.
When the RDR data is read, bit RDRF is
cleared to 0 automatically.

When continuing data transmission/reception,
finish reading of bit RDRF and RDR before
receiving the MSB (bit 7) of the current frame.
Before receiving the MSB (bit 7) of the current
frame, also read TDRE = 1 to confirm that a
write can be performed, then write data to TDR.
When data is written to TDR, bit TDRE is clearec
to 0 automatically, and when the data in RDR is
read, bit RDRF is cleared to 0 automatically.

If an overrun error has occurred, read bit OER
in SSR, and after carrying out the necessary
error processing, clear bit OER to 0. Transmis-
sion and reception cannot be resumed if bit
OERis setto 1.

See figure 10-13 for details on overrun error
processing.

Figure10.15 Example of Simultaneous Data Transmission/Reception Flov

(Synchronous M ode)
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The multiprocessor communication function enables data to be exchanged among a nur
processors on a shared communication line. Serial data communication is performed ir
asynchronous mode using the multiprocessor format (in which a multiprocessor bit is a
transfer data).

In multiprocessor communication, each receiver is assigned its own ID code. The serie
communication cycle consists of two cycles, an ID transmission cycle in which the rect
specified, and a data transmission cycle in which the transfer data is sent to the specifie
These two cycles are differentiated by means of the multiprocessor bit, 1 indicating an
transmission cycle, and 0, a data transmission cycle.

The sender first sends transfer data with a 1 multiprocessor bit added to the ID code of

it wants to communicate with, and then sends transfer data with a 0 multiprocessor bit :
transmit data. When areceiver receives transfer data with the multiprocessor bit set to

compares the ID code with its own ID code, and if they are the same, receives the trans
sent next. If the ID codes do not match, it skips the transfer data until data with the mu
bit set to 1 is sent again.

In thisway, a number of processors can exchange data among themselves.

Figure 10.16 shows an example of communication between processors using the multiy
format.
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e

data / H'AA

(MPB = 1) (MPB = 0)

‘ ID transmission cycle ‘ Data transmission cycle ‘
(specifying the receiver) (sending data to the receiver
specified buy the ID)

MPB: Multig

Figure10.16 Example of Inter-Processor Communication Using M ultiprocess
(Sending data H'AA to receiver A)

There is achoice of four datatransfer formats. If a multiprocessor format is specified
bit specification isinvalid. Seetable 10.11 for details.

For details on the clock used in multiprocessor communication, see 10.1.4, Operation
Synchronous Mode.

« Multiprocessor transmitting

Figure 10.17 shows an example of aflowchart for multiprocessor data transmission. -
procedure should be followed for multiprocessor data transmission after initializing St
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Set bit MPDT
in SSR

Write transmit
data to TDR

Continue data

2
ransmission?
A
Read bit TEND
in SSR
3

Break output?

Clear bit TE to
0in SCR3

End

DR, DIt URE IS Cleared 10 U automatically.

When continuing data transmission, be
sure to read TDRE = 1 to confirm that a
write can be performed before writing data
to TDR. When data is written to TDR, bit
TDRE is cleared to 0 automatically.

If a break is to be output when data
transmission ends, set the port PCR to 1
and clear the port PDR to 0, then clear bit
TE in SCR3to 0.

Figure10.17 Example of Multiprocessor Data Transmission Flowchar
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established after the stop bit has been sent. If bit TEIE in SCR3isset to 1 at thistime
reguest is made.

Figure 10.18 shows an example of the operation when transmitting using the multipro
format.

Start Transmit Stop Start Transmit S
bit data MPB bit  bit data MPB
i i
Serial 1 |0 [po[p1|  [p7]om] 1| o |pof[p1| | |D7 |on|
data 1 I
| 1 frame | 1 frame

TDRE ) | !
teno ! ! ) !

)
‘ ‘ 1 ‘ (

LSI TXlrequest TDRE TXI request TE
operation cleared to O

User Data written

processing to TDR

Figure 10.18 Example of Operation when Transmitting using M ultiprocessol
(8-bit data, multiprocessor bit, 1 stop bit)

» Multiprocessor receiving

Figure 10.19 shows an example of aflowchart for multiprocessor data reception. This
should be followed for multiprocessor data reception after initializing SCI3.
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Owiiv. 1rne v s not uiis receiver s,
No set bit MPIE to 1 again. When the RDR
data is read, bit RDRF is cleared to 0
automatically.

{

Read bit RDRF
in SSR

4. Read SSR and check that bit RDRF is
set to 1, then read the data in RDR.

5. If a receive error has occurred, read bits
OER and FER in SSR to identify the error

- and after carrying out the necessary error
Read receive processing, ensure that bits OER and FE
data in RDR are both cleared to 0. Reception cannot k

resumed if either of these bits is set to 1.
In the case of a framing error, a break car
own ID? be detec}ed by reading the value of the
RXDg3y pin.

Yes

Read bits OER
and FER in SSR

No

Read bit RDRF
in SSR

Yes

Read receive

data in RDR 5 Receive error

processing
]

Continue data Yes

reception?

No

‘ GV

Clear bit RE to
0in SCR3

End

Figure10.19 Example of Multiprocessor Data Reception Flowchart
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Yes |
FER =17 No

No Framing error
processing
Clear bits OER and ‘

FER to 0 in SSR

End of receive
error processing

Figure10.19 Example of Multiprocessor Data Reception Flowchart (cc

Figure 10.20 shows an example of the operation when receiving using the multiproces
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RDR D1
value

LSI RXI request RDREF cleared No R’
operation MPIE cleared to0 RDR |
to0 previc
User RDR data read When data is not
processing this receiver's ID,
bit MPIE is set to
1 again

(a) When data does not match this receiver's ID

Start Receive Stop Start Receive data Stop |
bit data (ID2) MPB bit bit (Data2) MPB bit
b)) b))
serial 1 | o [po|p1]|  |p7]1 1]o|po[p1|  [p7]o0 |1
data
\ 1 frame | 1 frame |
\ \ \
).
MPIE \

Y e AU —
/ / P

RDR ID1 ID2

value

LSI RXI request RDRF cleared RXI request RDRF

operation MPIE cleared to0 to0

to0

User RDR data read When data is RDF

processing this receiver's Bit N
ID, reception 1 ag
is continued

(b) When data matches this receiver's ID

Figure 10.20 Example of Operation when Recelving using M ultiprocessor F
(8-bit data, multiprocessor bit, 1 stop bit)
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Interrupt Vel

Abbreviation Interrupt Request Ad
RXI Interrupt request initiated by receive data full flag (RDRF) H'C
TXI Interrupt request initiated by transmit data empty flag (TDRE)

TEI Interrupt request initiated by transmit end flag (TEND)

ERI Interrupt request initiated by receive error flag (OER, FER, PER)

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SC

When bit TDRE isset to 1in SSR, a TXI interrupt is requested. When bit TEND is
SSR, aTEI interrupt is requested. These two interrupts are generated during transmis

Theinitial value of bit TDRE in SSRis 1. Therefore, if the transmit data empty interr
(TXI) isenabled by setting bit TIE to 1 in SCR3 before transmit datais transferred to
interrupt will be requested even if the transmit datais not ready.

Also, theinitial value of bit TEND in SSRis 1. Therefore, if the transmit end interruy
(TEI) isenabled by setting bit TEIE to 1 in SCR3 before transmit data is transferred tc
interrupt will be requested even if the transmit data has not been sent.

Effective use of these interrupt requests can be made by having processing that transfe
datato TDR carried out in the interrupt service routine.

To prevent the generation of these interrupt requests (TXI and TEI), on the other hanc
bits for these interrupt requests (bits TIE and TEIE) should be set to 1 after transmit d
transferred to TDR.

When bit RDRF isset to 1 in SSR, an RXI interrupt is requested, and if any of bits OF
FERissetto 1, an ERI interrupt is requested. These two interrupt requests are genera
reception.

For further details, see 3.3, Interrupts.
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Data can be written to TDR irrespective of the state of bit TDRE, but if new datais wri
TDR while bit TDRE is cleared to 0, the data previously stored in TDR will belost of i
yet been transferred to TSR. Accordingly, to ensure that serial transmission is perform
dependably, you should first check that bit TDRE is set to 1, then write the transmit da
once only (not two or more times).

2. Operation when a number of receive errors occur simultaneously

If anumber of receive errors are detected simultaneously, the status flagsin SSR will b
states shown in table 10.14. If an overrun error is detected, data transfer from RSR to F
not be performed, and the receive datawill be lost.

Table 10.14 SSR Status Flag States and Receive Data Transfer

SSR Status Flags Receive Data Transfer
RDRF* OER FER PER RSR - RDR Receive Error Status
1 1 0 0 X Overrun error
0 0 1 0 (0] Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X Overrun error + framing error +

O : Receive data is transferred from RSR to RDR.
X : Receive data is not transferred from RSR to RDR.

Note: * Bit RDRF retains its state prior to data reception. However, note that if RDR is r
overrun error has occurred in a frame because reading of the receive data in the
frame was delayed, RDRF will be cleared to 0.
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When bit TE is cleared to 0, the TXD3y pin functions as an 1/O port whose i nput/outp
and level are determined by PDR and PCR. Thisfact can be used to set the TXD3y pi
mark state, or to detect a break during transmission.

To keep the communication line in the mark state (1 state) until bit TEisset to 1, set |
PDR =1. Since bit TE iscleared to O at thistime, the TXD3y pin functionsasan 1/0 |
output.

To detect abreak, clear bit TE to O after setting PCR = 1 and PDR = 0.

When bit TE is cleared to 0, the transmission unit isinitialized regardless of the currel
transmission state, the TXD3, pin functions as an I/O port, and O is output from the T

5. Receive error flags and transmit operation (synchronous mode only)

When areceive error flag (OER, PER, or FER) is set to 1, transmission cannot be star
bit TDRE is cleared to 0. Thereceive error flags must be cleared to 0 before starting t

Note also that receive error flags cannot be cleared to O even if bit RE is cleared to O.
6. Receive data sampling timing and receive margin in asynchronous mode

In asynchronous mode, SCI3 operates on a basic clock with afrequency 16 timesthet
When receiving, SCI3 performs internal synchronization by sampling the falling edge
bit with the basic clock. Receive datais latched internally at the 8th rising edge of the
Thisisillustrated in figure 10.21.
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SaAtipingyg uininiy 1 L

Data sampling - -
timing ﬂ ﬂ

Figure10.21 Receive Data Sampling Timing in Asynchronous Mode

Consequently, the receive margin in asynchronous mode can be expressed as shown in

.

D=05 _ | _05)F x 100 [%]

_ 1
M ={(0.5— >N )— N Ve A Equation (1)

where

M: Receive margin (%)

N: Ratio of bit rate to clock (N = 16)

D: Clock duty (D =0.5t0 1.0)

L: Framelength (L = 9to 12)

F: Absolute value of clock frequency deviation

Substituting 0 for F (absolute value of clock frequency deviation) and 0.5 for D (clock
equation (1), areceive margin of 46.875% is given by equation (2).

WhenD =0.5and F=0,
M ={0.5— 1/(2 x 16)} x 100 [%)]
=4687%% ... Equation (2)

However, thisis only a computed value, and a margin of 20% to 30% should be allowe
carrying out system design.
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may beread. Thisisillustrated in figure 10.22.

Frame 2

| Frame 1 Frame

Communication ‘

line Data 1 Data 2 ‘ Data .

RDRF

RDR Data 1 Data .

ol

RDR read RDR read

Data 1 is read at point
Data 2 is read at point

Figure10.22 Relation between RDR Read Timing and Data

Inthis case, only asingle RDR read operation (not two or more) should be performed
checking that bit RDRF isset to 1. If two or more reads are performed, the data read |
should be transferred to RAM, etc., and the RAM contents used. Also, ensure that the
sufficient margin in an RDR read operation before reception of the next frameis com
be precisein terms of timing, the RDR read should be completed before bit 7 is transf
synchronous mode, or before the STOP bit is transferred in asynchronous mode.

8. Transmit and receive operations when making a state transition

Make sure that transmit and receive operations have completely finished before carryi
transition processing.
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When stopping data transfer, issue one instruction to clear bits TEand REto O and to s
CKE1 and CKEO in SCR3to 1 and O, respectively. In thiscase, bit COM in SMR shol
The above prevents SCK 3 from being used as a general input/output pin. Toavoid ani
level of voltage from being applied to SCK 3, the line connected to SCK 3 should be pul
the V¢ level viaaresistor, or supplied with output from an external device.

b. When an SCK 3 function is switched from clock output to general input/output

When stopping data transfer,

(i) Issueoneinstruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEOQ |
1 and O, respectively.

(ii) Clear bit COM in SMRto 0

(iii) Clear bits CKE1 and CKEO in SCR3t0 0

Note that special care is also needed here to avoid an intermediate level of voltage fron
applied to SCK 3.

10. Set up at subactive or subsleep mode

At subactive or subsleep mode, SCI3 becomes possible use only at CPU clock is gw/2.
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Features of the 14-bit PWM are as follows.
» Choice of two conversion periods

Any of the following four conversion periods can be chosen:

131,072/g, with a minimum modul ation width of 8/ (PWCR1 = 1, PWCRO = 1)
65,536/g, with a minimum modulation width of 4/ (PWCR1 = 1, PWCRO = 0)
32,768/g, with a minimum modulation width of 2/ (PWCR1 = 0, PWCRO = 1)
16,384/, with a minimum modulation width of /g (PWCR1 = 0, PWCRO = 0)

* Pulsedivision method for lessripple

» Use of module standby mode enables this module to be placed in standby modein
when not used.

11.1.2  Block Diagram

Figure 11.1 shows ablock diagram of the 14-bit PWM.
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I PWCR

PWM =

Notation:

PWDRL: PWM data register L
PWDRU: PWM data register U
PWCR: PWM control register

Figure11.1 Block Diagram of the 14 bit PWM

11.1.3 Pin Configuration
Table 11.1 shows the output pin assigned to the 14-bit PWM.

Table11.1 Pin Configuration

Name Abbrev. I/0 Function
PWM output pin PWM Output Pulse-division PWM wavefori

1114 Register Configuration
Table 11.2 shows the register configuration of the 14-bit PWM.

Table11.2 Register Configuration

Name Abbrev. R/W Initial Value
PWM control register PWCR W H'FC

PWM data register U PWDRU W H'CO

PWM data register L PWDRL W H'00

Clock stop register 2 CKSTPR2 R/W H'FF
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PWCR isan 8-bit write-only register for input clock selection.

Upon reset, PWCR isinitialized to H'FC.

Bits 7 to 2: Reserved hits

Bits 7 to 2 are reserved; they are always read as 1, and cannot be modified.
Bits 1 and 0: Clock select 1 and 0 (PWCR1, PWCRO0)

Bits 1 and O select the clock supplied to the 14-bit PWM. These bits are write-only bi
awaysread as 1.

Bit 1 Bit 0
PWCR1 PWCRO Description
0 0 The input clock is /2 (tg* = 2/g)

The conversion period is 16,384/g, with a minimum
modulation width of 1/g

0 1 The input clock is g/4 (tg* = 4/g)
The conversion period is 32,768/g, with a minimum
modulation width of 2/g

1 0 The input clock is /8 (tg* = 8/9)
The conversion period is 65,536/g, with a minimum
modulation width of 4/a

1 1 The input clock is g/16 (tg* = 16/g)
The conversion period is 131,072/g, with a minimum
modulation width of 8/g

Note: * Period of PWM input clock.
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PWDRL

Bit 7 6 5 4 3 2 1
‘PWDRL?‘ PWDRLG‘ PWDRLS‘ PWDRL4‘PWDRL3‘PWDRL2‘ PWDRLl‘I

Initial value 0 0 0 0 0 0 0

Read/Write w w w w w w w

PWDRU and PWDRL form a 14-bit write-only register, with the upper 6 bits assigned
and the lower 8 bitsto PWDRL. The value written to PWDRU and PWDRL givesthe
level width of one PWM waveform cycle.

When 14-bit datais written to PWDRU and PWDRL, the register contents are latched i
waveform generator, updating the PWM waveform generation data. The 14-bit data sh
always be written in the following sequence:

1. Writethelower 8 bitsto PWDRL.
2. Write the upper 6 bitsto PWDRU.
PWDRU and PWDRL are write-only registers. If they areread, all bitsareread as 1.

Upon reset, PIWDRU and PWDRL are initialized to H'C000.

11.2.3 Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1

| — | — | — | — | AECKSTP |WDCKSTP|PWCKSTP
Initial value 1 1 1 1 1 1 1
Read/Write — — — — RW R/W RW

CKSTPR2 is an 8-hit read/write register that performs module standby maode control fo
modules. Only the bit relating to the PWM is described here. For details of the other b
sections on the relevant modules.
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<. Ol DI FVWLRL AllU FYVORUITTUHIE FVVIVE COTUTON Teglstel (FVVLR) 10 scielt a COMNV
period of 131,072/ (PWCR1 = 1, PWCRO = 1), 65,536/g (PWCR1 = 1, PWCRO =
32,768/g (PWCR1 = 0, PWCRO = 1), or 16,384/g (PWCR1 = 0, PWCRO = 0).

3. Set the output waveform datain PWM dataregisters U and L (PWDRU/L). Be sur
the correct sequence, first PWDRL then PWDRU. When datais written to PWDRLU
in these registers will be latched in the PWM waveform generator, updating the PW
waveform generation in synchronization with internal signals.

One conversion period consists of 64 pulses, as shown in figure 11.2. Thetotal of t
level pulse widths during this period (Ty) corresponds to the datain PWDRU and F
Thisrelation can be represented as follows.

Ty = (datavaluein PWDRU and PWDRL + 64) x t,/2

where tg isthe PWM input clock period: 2/g (PWCR = H'0), 4/ (PWCR = H'1), 8/g (F
H'2), or 16/g (PWCR = H'3).

Example: Settingsin order to obtain a conversion period of 32,768 ps:
When PWCR1 = 0 and PWCRO = 0, the conversion period is 16,384/g, SO ¢
0.5 MHz. Inthiscasg, tfn = 512 ps, with 1/g (resolution) = 2.0 ps.
When PWCRL1 = 0 and PWCRO = 1, the conversion period is 32,768/@, so @
MHz. Inthiscase, tfn = 512 ps, with 2/g (resolution) = 2.0 ps.
When PWCRL1 = 1 and PWCRO = 0, the conversion period is 65,536/@ , SO ¢
MHz. Inthiscase, tfn = 512 ps, with 4/ (resolution) = 2.0 ps.
Accordingly, for a conversion period of 32,768 ps, the system clock frequer
must be 0.5 MHz, 1 MHz, or 2 MHz.
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Figure11.2 PWM Output Waveform

11.3.2 PWM Operation Modes

PWM operation modes are shown in table 11.3.

Table11.3 PWM Operation Modes

Operation

Mode Reset Active Sleep Watch Subactive Subsleep Standby
PWCR Reset Functions Functions Held Held Held Held
PWDRU Reset Functions Functions Held Held Held Held
PWDRL  Reset Functions Functions Held Held Held Held

RENESAS
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The A/D converter has the following features.

* 10-bit resolution

» Eight input channels

* Conversion time: approx. 15.5 ps per channel (at 2 MHz operation)
* Built-in sample-and-hold function

* Interrupt requested on completion of A/D conversion

e A/D conversion can be started by external trigger input

» Use of module standby mode enables this module to be placed in standby modein
when not used.
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AN,
ANj
AN,
ANg
ANg
AN-

AVce

AVgg

O—»
Multipl
ultiplexer
0 p ADSR
O—»
O—»
O—» A
Control logic
O—»
Reference
\i
voltage
- ADRRH
O— ADRRL

Internal data bus

Notation:

AMR:
ADSR:
ADRR:
IRRAD:

A/D mode register

A/D start register

A/D result register

A/D conversion end interrupt request flag

= IF
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Figure12.1 Block Diagram of the A/D Converter

RENESAS



~o

Analog input 0

ANO

Input

Analog input channel 0

Analog input 1

AN1

Input

Analog input channel 1

Analog input 2

AN2

Input

Analog input channel 2

Analog input 3

AN3

Input

Analog input channel 3

Analog input 4

AN4

Input

Analog input channel 4

Analog input 5

ANS5

Input

Analog input channel 5

Analog input 6

ANG6

Input

Analog input channel 6

Analog input 7

AN7

Input

Analog input channel 7

External trigger input

ADTRG

Input External trigger input for starting A/D cc

1214

Table 12.2 shows the A/D converter register configuration.

Register Configuration

Table12.2 Register Configuration

Name Abbrev. R/W Initial Value
A/D mode register AMR R/W H'30

A/D start register ADSR R/W H'7F

A/D result register H ADRRH R Not fixed
A/D result register L ADRRL R Not fixed
Clock stop register 1 CKSTPRT1 R/W H'FF
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ADRRH ADRRL

ADRRH and ADRRL together comprise a 16-bit read-only register for holding the rest
analog-to-digital conversion. The upper 8 bits of the data are held in ADRRH, and the
bitsin ADRRL.

ADRRH and ADRRL can be read by the CPU at any time, but the ADRRH and ADRR
during A/D conversion are not fixed. After A/D conversion is complete, the conversiol
stored as 10-bit data, and this datais held until the next conversion operation starts.

ADRRH and ADRRL are not cleared on reset.

12.2.2 A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1
ks |TReE| — | — | ows | ome | om |

Initial value 0 0 1 1 0 0 0

Read/Write R/W R/W — — R/W R/W R/W

AMR isan 8-bit read/write register for specifying the A/D conversion speed, external t|
option, and the analog input pins.

Upon reset, AMR isinitialized to H'30.
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of at least 15.5 ps.

Bit 6: External trigger select (TRGE)

Bit 6 enables or disables the start of A/D conversion by external trigger input.

Bit 6

TRGE Description

0 Disables start of A/D conversion by external trigger (
1 Enables start of A/D conversion by rising or falling edge of external trigge

ADTRG*

Note: * The external trigger (ADTRG) edge is selected by bit INTEG4 of IEGR. See 1.
edge select register (IEGR) in 3.3.2 for details.

Bits5 and 4: Reserved bits

Bits 5 and 4 are reserved; they are alwaysread as 1, and cannot be modified.
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v < v v ANV

0 1 0 1 AN1

0 1 1 0 AN2

0 1 1 1 AN3

1 0 0 0 AN4

1 0 0 1 ANS5

1 0 1 0 ANG6

1 0 1 1 AN7

Note: * Don't care

12.2.3 A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1
R e e

Initial value 0 1 1 1 1 1 1

Read/Write R/W — — — — — —

The A/D start register (ADSR) is an 8-bit read/write register for starting and stopping A
conversion.

A/D conversion is started by writing 1 to the A/D start flag (ADSF) or by input of the ¢
edge of the external trigger signal, which also sets ADSFto 1. When conversion is cor
converted datais set in ADRRH and ADRRL, and at the same time ADSF is cleared to
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Write: Starts A/D conversion

Bits 6 to 0: Reserved bits

Bits 6 to 0 are reserved; they are always read as 1, and cannot be modified.

12.2.4  Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1
| — |S31CKSTP|832CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKST
Initial value 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-hit read/write register that performs module standby mode control f
modules. Only the hit relating to the A/D converter is described here. For details of t
see the sections on the relevant modules.

Bit 4: A/D converter module standby mode control (ADCKSTP)
Bit 4 controls setting and clearing of module standby mode for the A/D converter.

ADCKSTP  Description

0 A/D converter is set to module standby mode

1 A/D converter module standby mode is cleared (

RENESAS
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The completion of conversion also setsbit IRRAD in interrupt request register 2 (IRR2
A/D conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (I
setto 1.

If the conversion time or input channel needs to be changed in the A/D mode register (/
during A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion
in order to avoid malfunction.

12.3.2  Start of A/D Conversion by External Trigger Input

The A/D converter can be made to start A/D conversion by input of an external trigger
External trigger input is enabled at pin ADTRG when bit IRQ4 in PMR1 is set to 1 anc
in AMRissetto 1. Then when the input signal edge designated in bit IEG4 of interrup
select register (IEGR) is detected at pin ADTRG, bit ADSFin ADSR will besetto 1, s
conversion.

Figure 12.2 shows the timing.

Pin ADTRG
(when bit y

IEG4 = 0) \

ADSF

A/D conversion

[
[

Figure12.2 External Trigger Input Timing
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ADSR Reset Functions Functions Held Held Held Held
ADRRH Held*  Functions Functions Held Held Held Held
ADRRL Held* Functions Functions Held Held Held Held

Note: * Undefined in a power-on reset.

124  Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt requ

(IRR2) isset to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in i

enableregister 2 (IENR2).

For further details see 3.3, Interrupts.

125 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 (p

the analog input channel. Figure 12.3 shows the operation timing.

1. Bits CH3to CHO of the A/D mode register (AMR) are set to 0101, making pin AN
input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D con

started by setting bit ADSF to 1.

2. When A/D conversion is complete, bit IRRAD is set to 1, and the A/D conversion
stored isstored in ADRRH and ADRRL. At the sametime ADSF isclearedto 0,

converter goesto theidle state.

The A/D interrupt handling routine starts.

o 0k~ w

The A/D interrupt handling routine ends.

If ADSF isset to 1 again afterward, A/D conversion starts and steps 2 through 6 take |

The A/D conversion result is read and processed.

RENESAS
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Figure12.3 Typical A/D Converter Operation Timing
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Start A/D conversion

Read ADSR

Read ADRRH/ADRRL data

Perform A/D
conversion?

No

Figure12.4 Flow Chart of Procedurefor Using A/D Converter (Polling by S
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Start A/D conversion

A/D conversion
end interrupt?

Clear bit IRRAD to
0in IRR2

Read ADRRH/ADRRL data

Yes

Perform A/D
conversion?

Figure12.5 Flow Chart of Procedurefor Using A/D Converter (Interrupts

126  Application Notes

« Datain ADRRH and ADRRL should be read only when the A/D start flag (ADSF)
start register (ADSR) iscleared to 0.

» Changing the digital input signal at an adjacent pin during A/D conversion may adv
affect conversion accuracy.

*  When A/D conversion is started after clearing module standby mode, wait for 10 g«
cycles before starting.
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1

Features

Features of the LCD controller/driver are given below.

» Display capacity

Duty Cycle Internal Driver Segment External Expansion |
Static 32 seg 256 seg

1/2 32 seg 128 seg

1/3 32 seg 64 seg

1/4 32 seg 64 seg

LCD RAM capacity

8 hits x 32 bytes (256 hits)

Word accessto LCD RAM

All eight segment output pins can be used individually as port pins.

Common output pins not used because of the duty cycle can be used for common ¢
buffering (parallel connection).

Display possible in operating modes other than standby mode

Choice of 11 frame frequencies

Built-in power supply split-resistance, supplying LCD drive power

Use of module standby mode enables this module to be placed in standby mode in
when not used.

Built-in step-up constant-voltage (5 V) power supply allows LCD display even at |
(H8/3867 Series)

A or B waveform selectable by software

RENESAS
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@/2 to /256 ——> CL2

l

5 Common i Common [ 1
Bu datalatch [ i ] driver [ &
AN
. -
LPCR 3 :
LCR 3 N
3 LCR2 3 -
Qo ' '
g Y : :
3 .._ 32-bit shit| | | Segment | |
E Display timing generator cLs register | | driver
5 s s
E L : :
LCD RAM i i
(32 bytes) ; ;
A4 s | .
SEGn, DO
Notation:

LPCR: LCD port control register
LCR: LCD control register
LCR2: LCD control register 2

Figure13.1 Block Diagram of LCD Controller/Driver
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(setting programmable)

Common output pins COM, to COM;  Output  LCD common drive pins
Pins can be used in parallel w
1/2 duty
Segment external CL, Output  Display data latch clock, multij
expansion signal pins SEG3,
CL, Output  Display data shift clock, multip
SEG3;
M Output  LCD alternation signal, multipl
SEGyg
DO Output  Serial display data, multiplexe

LCD power supply pins Vg, Vi, Vo, V3

Used when a bypass capacito
connected externally, and whe
external power supply circuit i

13.1.4 Register Configuration

Table 13.2 shows the register configuration of the LCD controller/driver.

Table13.2 LCD Controller/Driver Registers

Name Abbrev. R/W Initial Value Add
LCD port control register LPCR R/W H'00 H'FF
LCD control register LCR R/W H'80 H'FF
LCD control register 2 LCR2 R/W H'60 H'FF
LCD RAM — R/W Undefined H'F7
Clock stop register 2 CKSTPR2 R/W H'FF H'FF
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LPCR is an 8-bit read/write register which selects the duty cycle and LCD driver pin fu
LPCR isinitialized to H'00 upon reset.
Bits 7 to 5: Duty cycle select 1 and 0 (DTS1, DTS0), common function select (CMX)

The combination of DTS1 and DTS0 selects static, 1/2, 1/3, or /4 duty. CMX specifie
or not the same waveform is to be output from multiple pins to increase the common dr
when not all common pins are used because of the duty setting.

Bit 7 Bit 6 Bit 5
DTS1 DTSO CMX Duty Cycle Common Drivers  Notes

0 0 0 Static COM;, (initial value) Do not use COM,, CON
COM,.

1 COM, to COM;, COMy, COM3, and CON

the same waveform as (

0 1 0 1/2 duty COM, to COM; Do not use COM, and (

1 COM,4 to COM, COM, outputs the same

as COM3, and COM, ol
same waveform as COl

1 0 0 1/3 duty COM3 to COM, Do not use COM,.
1 COM, to COM; Do not use COM,.
1 1 0 1/4 duty COM, to COM;, —
1
332
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Note: * These pins function as ports when the setting of SGS3 to SGSO0 is 0000 or 000

Bit 3: Segment driver select 3to 0 (SGS3 to SGS0)
Bits 3 to 0 select the segment drivers to be used.

Function of Pins SEG3, to SEG,

Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 SEG32 to SEGz4 to SEG16 to SEGg to
SGX SGS3 SGS2 SGS1 SGSO SEGys SEG;7 SEGgq SEG;

0 0 0 0 0 Port Port Port Port
0 0 0 1 Port Port Port Port
0 0 1 * SEG Port Port Port
0 1 0 * SEG SEG Port Port
0 1 1 * SEG SEG SEG Port
1 * * * SEG SEG SEG SEG

1 0 0 0 0 Port* Port Port Port
* * * *

Setting prohibited

Note: * SEG3, to SEG,g are external expansion pins.
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display data control, and sele::ts the framé frequency.
LCRisinitialized to H'80 upon reset.

Bit 7: Reserved bit

Bit 7 isreserved; it is always read as 1 and cannot be modified.
Bit 6: LCD drive power supply on/off control (PSW)

Bit 6 can be used to turn the LCD drive power supply off when LCD display is not req
power-down mode, or when an external power supply is used. When the ACT hit is cle
or in standby mode, the LCD drive power supply is turned off regardless of the setting

Bit 6

PSW Description

0 LCD drive power supply off (i
1 LCD drive power supply on

Bit 5: Display function activate (ACT)

Bit 5 specifies whether or not the LCD controller/driver isused. Clearingthishitto Ot
operation of the LCD controller/driver. The LCD drive power supply is also turned off
of the setting of the PSW bit. However, register contents are retained.

Bit 5

ACT Description

0 LCD controller/driver operation halted (i
1 LCD controller/driver operates
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Bits 3to 0: Frame frequency select 3to 0 (CKS3 to CKS0)

Bits 3 to 0 select the operating clock and the frame frequency. In subactive mode, wa
and subsleep mode, the system clock (@) is halted, and therefore display operations are
performed if one of the clocks from @/2 to @/256 is selected. If LCD display isrequire
modes, aw, gw/2, or gw/4 must be selected as the operating clock.

Bit 3 Bit 2 Bit 1 Bit 0 Frame Frequen
CKS3 CKS2 CKS1 CKSO Operating Clock @ =2 MHz g = 2°
0 * 0 0 oW 128 Hz" (initial value)

0 * 0 1 oW/2 64 Hz®

0 * 1 * ow/4 32 Hz™®

1 0 0 0 a/2 — 244 H
1 0 0 1 a/4 977 Hz 122 H
1 0 1 0 2/8 488 Hz 61 Hz
1 0 1 1 /16 244 Hz 30.5F
1 1 0 0 2/32 122 Hz —

1 1 0 1 /64 61 Hz —

1 1 1 0 /128 30.5Hz —

1 1 1 1 /256 — —

Notes: 1. This is the frame frequency in active (medium-speed, gosc/16) mode when
2. When 1/3 duty is selected, the frame frequency is 4/3 times the value show
3. This is the frame frequency when gw = 32.768 kHz.

RENESAS



waverorm, selects the drive power supply, Ccontrols the Step-up constant-voltage (o V) [
supply, and selects the duty cycle of the charge/discharge pulses which control disconn
the power supply split-resistance from the power supply circuit.

LCR2 isinitialized to H'60 upon reset.
Bit 7: A waveform/B waveform switching control (LCDAB)

Bit 7 specifies whether the A waveform or B waveform isused asthe LCD drive wavel

Bit 7

LCDAB Description

0 Drive using A waveform (i
1 Drive using B waveform

Bits 6 and 5: Reserved bits
Bits 6 and 5 are reserved; they are alwaysread as 1 and cannot be modified.

Bit 4: Drive power supply select, step-up constant-voltage (5 V) power supply control
(Appliesto the H8/3867 Series only)

When V ¢ is selected as the drive power supply, the step-up constant-voltage (5 V) po
simultaneously stops operating; when 5V is selected as the drive power supply, the ste
constant-voltage (5 V) power supply simultaneously operates.

Bit 4

SUPS Description

0 Drive power supply is V¢c, step-up constant-voltage (5 V) power supply h
(I

1 Drive power supply is 5 V, step-up constant-voltage (5 V) power supply of
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4/o

5/8

6/8

P || O|C

P O| kP | C

Fixed low

*

*

1/16

Rk |lo|lo|o|cC
RlOo|kRr|kr|P|F

*

1/32

Bits 3 to 0 select the duty cycle while the power supply split-resistance is connected tc

supply circuit.

When a0 duty cycleis selected, the power supply split-resistance is permanently disc
from the power supply circuit, so power should be supplied to pinsV1, V2, and V3 by

circuit.

Figure 13.2 shows the waveform of the charge/discharge pulses. The duty cycleisTc

CoM1

Charge/discharge
pulses

1

Tc

1 frame

Tw

LT

Tc : Power supply spl
connected

Tdc : Power supply spl
disconnected

Figure13.2 Exampleof A Waveform with 1/2 Duty and 1/2 Bias

RENESAS



moduies. Only the dit relaling to the LD controlier/ariver 1S described nere. For deta
other bits, see the sections on the relevant modules.

Bit 0: LCD controller/driver module standby mode control (LDCKSTP)

Bit O controls setting and clearing of module standby mode for the LCD controller/driv

Bit 0

LDCKSTP  Description

0 LCD controller/driver is set to module standby mode

1 LCD controller/driver module standby mode is cleared (i
338
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ad Udlly Lz duty
When 1/2 duty is used, interconnect pinsV, and V 3 as shown in figure 13.3.

|

Vce
Vo
Vi
V2 :|
V3
Vss
P

Figure 13.3 Handling of LCD Drive Power Supply when Using 1/2 Du

b. Large-panel display

Asthe impedance of the built-in power supply split-resistanceislarge, it may |
suitable for driving alarge panel. If the display lacks sharpness when using al
refer to section 13.3.7, Boosting the LCD Drive Power Supply. When static ot
selected, the common output drive capability can be increased. Set CMX to 1
selecting the duty cycle. In this mode, with a static duty cycle pins COMy to C
the same waveform, and with 1/2 duty the COM 1 waveform is output from pir
COM1, and the COM, waveform is output from pins COM4 and COMs.

¢. Luminance adjustment function (Vg pin)
Connecting a resistance between the Vg and V1 pins enables the luminance to |
For details, see 13.3.3, Luminance Adjustment Function (Vg Pin).

d. LCD drive power supply setting

With the H8/3867 Series, there are two ways of providing LCD power: by usir
chip power supply circuit, or by using an external circuit. With the H8/3867 S
chip power supply circuit allows the selection of either the power supply volta
a step-up constant voltage (5 V). For details of the step-up constant-voltage pc
see 13.3.4, Step-Up Constant-Voltage (5 V) Power Supply.
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v J v
V1 Vi |——o Externaly
V2 V2
V3 V3
Vss Vss
(a) Using on-chip power supply circuit (b) Using external power supply circuit

Figure13.4 Examplesof LCD Power Supply Pin Connections

e. Low-power-consumption LCD drive system
Use of alow-power-consumption LCD drive system enables the power consum
required for LCD drive to be optimized. For details, see 13.3.5, Low-Power-Cc
LCD Drive System.

f.  Segment external expansion

The number of segments can be increased by connecting an HD66100 external
details, see section 13.3.8, Connection to HD66100.
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should be selected in accordance with the LCD panel specification. For the clc
method in watch mode, subactive mode, and subsleep mode, see 13.3.6, Opera
Power-Down Modes.

. A or B waveform selection

Either the A or B waveform can be selected as the LCD waveform to be used k
LCDAB.

LCD drive power supply selection

When the on-chip power supply circuit is used, the power supply to be used ca
with the SUPS bit. When an external power supply circuit isused, select Ve
SUPS bit and turn the LCD drive power supply off with the PSW bit.
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turned on. Word- or byte-access instructions can be used for RAM setting.

bit7 bit6 bit5 bit4 bit3 bit2 bitl

H'F740 SEG2 SEG2 SEG2 SEG2 SEG:1 SEG1 SEG:1

H'E74F SEGa2 SEGa32 SEGa2 SEGa32 SEGa1 SEGa1 SEGa1

Y Y Y Y Y Y Y

COM4 COMs COM:2 COM: COM4 COMs COM2

Figure13.5 LCD RAM Map when Not Using Segment External Expansion (L
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H'F74F SEGa2 SEG32 SEGa2 SEGa1 SEGa1

Y Y Y Y Y Y

COMs COM2 COM1 COMs COM2

|:| Space not used for display

Figure13.6 LCD RAM Map when Not Using Segment External Expansion (.
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H'F74F

Y

COM2

'

COM1

COM2

COM1

'

COM2

Y

COM1

Y

COM2

'

COM1

Space not u

Figure13.7 LCD RAM Map when Not Using Segment Exter nal Expansion (1

H'F740

HF743

HF74F

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
SEGs SEGy SEGs SEGs SEG4 SEGs SEG:2 SEG:1
SEG32 SEGs1 SEGs30 SEG29 SEG2s SEG27 SEG2s SEG25
Y Y Y Y Y Y Y Y
COM1 COM1 COM1 COM:1 COM:1 COM1 COM1 COM1

Figure13.8 LCD RAM Map when Not Using Segment External Expansion (Sta
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H'F75F SEGe4 SEGe4 SEGe4 SEGe4 SEGes3 SEGes3 SEGe3 SEGe3

Y Y Y Y Y Y Y Y

COM4 COMs COM2 COM: COM4 COMs COM: COM:1

Figure13.9 LCD RAM Map when Using Segment External Expansic
(SGX =*1", SGS3to SGSO = “0000" 1/4 Duty)
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H'F75F SEGe4 SEGe4 SEGe4 SEGes3 SEGe3 SEGe3

Y Y Y Y Y Y

COMs COM2 COM1 COMs COM:1 COM1

|:| Space not used for display

Figure13.10 LCD RAM Map when Using Segment External Expansiol
(SGX ="1", SGS3to SGSO = “0000" 1/3 Duty)
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H'F75F SEGi28 | SEGi2s | SEGi127 | SEG127 | SEGi26 | SEGi126 | SEGi2s | SEGui2s

Y Y Y Y Y Y Y Y

COM:2 COM:1 COM2 COM: COM:2 COM: COM:2 COM:1

Figure13.11 LCD RAM Map when Using Segment External Expansi
(SGX =*1", SGS3to SGSO = “0000" 1/2 Duty)
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H'F75F SEGz2s6 | SEG2s5 | SEG2sa | SEG2s3 | SEG252 | SEG251 | SEG2s50 | SEG249
Y Y Y Y Y Y Y Y
COM1 COM1 COM1 COM1 COM1 COM:1 COM:1 COM1
Figure13.12 LCD RAM Map when Using Segment External Expansiol
(SGX ="1", SGS3to SGSO = “0000" Static)
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Vcc
1

*Step-up constant-
voltage power supply

5V

Power supply Vo

1
L

selector

1
[

V2

1
|-

V3
i

Vss

F— A A

* Applies to the H8/3867 Series

Figure13.13 LCD Drive Power Supply Unit
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Note:

13.3.5

The step-up constant-voltage (5 V) power supply must not be used for any pury
than the H8/3864 Series' LCD drive power supply. When alarge panel is drive
power supply capacity may be insufficient. In this case, either use V¢ asthey
supply or use an external power supply circuit.

L ow-Power-Consumption L CD Drive System

The use of the built-in split-resistance is normally the easiest method for implementing
power supply circuit, but since the built-in resistance is fixed, a certain direct current fl
constantly from the built-in resistance’ sV ¢c to Vss. Asthis current does not depend ¢
current dissipation of the LCD panél, if an LCD panel with asmall current dissipation i
wasteful amount of power will be consumed. The H8/3864 Seriesis equipped with afi
minimize this waste of power. Use of this function makes it possible to achieve the opt
power supply circuit for the LCD panel’s current dissipation.

1. Principles

a. Capacitors are connected as external circuitsto LCD power supply pinsV1, V2
shown in figure 13.14.

b. The capacitors connected to V1, V2, and V3 are repeatedly charged and dischar
cycle shown in figure 13.14, maintaining the potentials.

c. Atthistime, the charged potential is a potential corresponding to the V1, V2, ar
respectively. (For example, with 1/3 bias drive, the charge for V2 is 2/3 that of \
for V3is1/3 that of V1.)

d. Power issupplied to the LCD panel by means of the charges accumulated in the
capacitors.

e. The capacitances and charging/discharging periods of these capacitors are there
determined by the current dissipation of the LCD panel.

f. The charging and discharging periods can be selected by software.
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affect the driving of the LCD panel.

d. Inthisway, the capacitors connected to V1, V2, and V3 are repeatedly charge
discharged in the cycle shown in figure 13.14, maintaining the potentials and c
driving the LCD panel.

e. Ascan be seen from the above description, the capacitances and charging/disc
periods of the capacitors are determined by the current dissipation of the LCD
The charging/discharging periods can be selected with bits CDS3 to CDS0.

f. Theactual capacitor capacitances and charging/discharging periods must be de
experimentally in accordance with the current dissipation requirements of the |
An optimum current value can be selected, in contrast to the case in which a di
flows constantly in the built-in split-resistance.

Charging Discharging
period Tc period Tdc
< Pt > v Ve
Vdl s
V1 potential di
to
\ 4 dri
i Vvd2
L oy V2 potential Vix2/3

V2
Cc2

V3 potential A 4 vd3
c3 VIx1/3 [
A A

Power supply voltage fluctuation in 1/3 bias system

Figure13.14 Example of L ow-Power-Consumption L CD Drive Oper at
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COMs COMs
COMa4
SEGn SEGn

(a) Waveform with 1/4 duty (b) Waveform with 1/3

} 1 frame } } 1 frame }
Mo | | | § Mo L |
Data ‘ Data —,—‘—
COM: COM:1 ]—
COMz ----
SEGn
(d) Waveform with static

(c) Waveform with 1/2 duty

Figure13.15 Output Waveformsfor Each Duty Cycle (A Waveform)
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(b) Waveform with 1/3 ¢

(a) Waveform with 1/4 duty

1 1frame 1 1frame 1 1frame 1 1

I 1frame 1+ 1lframe 1 1frame 1 1frame 1
I

Data
COM:1

Data

(d) Waveform with static o

(c) Waveform with 1/2 duty

Figure13.16 Output Waveformsfor Each Duty Cycle (B Waveform
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1/3 duty Common output Va3 V, Vq Vg

Segment output V5, V3 Vss Vq
1/4 duty Common output V3 Vs, Vq Vs
Segment output Vs, V3 Vss Vi

13.3.6  Operation in Power-Down Modes

In the H8/3867 Series, the LCD controller/driver can be operated even in the power-do
The operating state of the LCD controller/driver in the power-down modes is summariz
13.4.

In subactive mode, watch mode, and subsleep mode, the system clock oscillator stops,
therefore, unless gw, aw/2, or @w/4 has been selected by bits CK S3 to CK S0, the clock
supplied and display will halt. Sincethereisapossibility that adirect current will be a
the LCD panél in thiscase, it is essential to ensure that aw, aw/2, or ew/4 is selected. |
(medium-speed) mode, the system clock is switched, and therefore CKS3 to CK S0 mu:
modified to ensure that the frame frequency does not change.

Table13.4 Power-Down Modes and Display Operation

Sub- Sub-
Mode Reset Active Sleep Watch active sleep Standk
Clock [} Runs Runs Runs Stops Stops Stops Stops
aw Runs Runs Runs Runs Runs Runs Stops™
Display ACT =“0" Stops Stops Stops Stops Stops Stops Stops™?

operation ACT ="1" Stops Functions Functions Functions™® Functions™® Functions™® Stops™

Notes: 1. The subclock oscillator does not stop, but clock supply is halted.
2. The LCD drive power supply is turned off regardless of the setting of the PS}

3. Display operation is performed only if gw, gw/2, or gw/4 is selected as the o
clock.

4. The clock supplied to the LCD stops.
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Vce Vo
Vi
R § R = several kQ to
H8/3864 Series Va several MQ
R
§ C=01
V3 |
R
Vss §
e 777 777 777
Figure 13.17 Connection of External Split-Resistance
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combination of the data and the M pin output, but these combinations differ from those
HD66100. Table 13.3 shows the output levels of the LCD drive power supply, and figt
and 13.16 show the common and segment waveforms for each duty cycle.

When ACT iscleared to O, operation stopswith CL, =0, CL1 =0, M =0, and DO at th
value (1 or 0) being output at that instant. 1n standby mode, the expansion pins go to tt
impedance (floating) state.

When external expansion isimplemented, the load in the LCD panel increases and the
power supply may not provide sufficient current capacity. In this case, measures shoul
as described in section 13.3.7, Boosting the LCD Drive Power Supply.
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SEG29/M M

(a) 1/3 bias, 1/4 or 1/3 duty

Vcc Vcc
Vo _J
Vi [ Vi
Va Va
V3 V3
H8/3867 1 1 \2
Series chip  Vss . . GND
VEE
SHL
SEG32/CL1 CL1
SEG31/CL2 ClL2
SEG30/DO DI
SEG29/M M
(b) 1/2 duty
Vcc Vcc
Vo ——j
Vi [ Vi
Va Va
V3 V3
H8/3867 L V2
Series chip  Vss . GND
VEE
SHL
SEG32/CL1 ClL1
SEG31/CL2 CL2
SEG30/DO DI
SEG29/M M

(c) Static mode

HD66

HD66

Figure 13.18 Connection to HD66100
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to virtually the same low level aswhen used at approximately 1.5 V. Itis, of course, :
to use the same level of external power supply voltage and internal power supply volt
using the internal power supply step-down circuit.

142  When Using the Internal Power Supply Step-Down Cir cuit

Connect the external power supply to the V¢ pin, and connect a capacitance of apprc
MU between CV ¢c and V g, as shown in figure 14.1. The internal step-down circuit i
effective simply by adding this externa circuit.

Notes: 1. Intheexternal circuit interface, the external power supply voltage connect
and the GND potential connected to V sg are the reference levels. For exar
input/output levels, the V ¢ level isthe reference for the high level, and th
isthat for the low level.

2. When the internal power supply step-down circuit is used, operating freque
0.4 MHzto2 MHzwhenV¢cc =22V t05.5V, and 0.4 MHz to 1 MHz otl

3. The LCD power supply and A/D converter analog power supply are not af

internal step-down processing.
T Vce

I.|.l
Step-down circuit |

CVcc

Stabilization
Internal
Irllterpal power =~ capacitance
ogic
g supply (approx. 0.1uF)
Vss
T

Figure14.1 Power Supply Connection when Internal Step-Down Cir cuit |

RENESAS



Vcc

I.|.l
Step-down circuit |
CVcc
Internal | Internal
logic power
supply
Vss

T

Figure 14.2 Power Supply Connection when Internal Step-Down Circuit ISN
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it e AR

A

Power supply voltage Vee, CVece -0.3t0 +7.0
Analog power supply voltage AVcce -0.3t0 +7.0
Programming voltage Vpp -0.3to +13.0
Input voltage Ports other than Port B Vin —0.3t0 V¢ +0.3
Port B AV, —0.3t0 AV +0.3
Operating temperature Topr —20to +75
Storage temperature Tstg -551to0 +125

Note: Permanent damage may occur to the chip if maximum ratings are exceeded. N
operation should be under the conditions specified in Electrical Characteristics.
these values can result in incorrect operation and reduced reliability.
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fosc (MHz)

fosc (MHz)

362

6.0 [~
4.0 ‘
3.2 ! 3
2.0 | 3
1.0 . 3
0.4 —— ? !
L1 1 1 | 1
18 26 45 5.5
22 30 Vee (V)
* Active (high-speed) mode
* Sleep (high-speed) mode
« Internal power supply step-down circuit not used
20 [~
10 [------- ‘
0.4 |—------- — ‘
11 ]
1.8 2.2 55
Vee (V)
* Active (high-speed) mode
« Sleep (high-speed) mode
* Internal power supply step-down circuit used

fw (kHz)

384 [T {

32.768 [----|
I

« All operating modes
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o (kHz)

2 (MHz)

o (kHz)

L. °.U vee \v) ~x
« Active (high-speed) mode @
=]
« Sleep (high-speed) mode (except CPU) 3 48
« Internal power supply step-down circuit not used '
4.096
AT
250
200
125
62.5
4.096 !
1
1.8 2.6 4.5 55
22 30 Vee (V)
« Active (medium-speed) mode (except A/D
converter and PWM)
« Sleep (medium-speed) mode (except A/D
converter and PWM)
« Internal power supply step-down circuit not used
10 =----------
05 [—------- !
02 |------- — ‘
[ 1
18 22 55
Vee (V)
« Active (high-speed) mode
« Sleep (high-speed) mode (except CPU)
« Internal power supply step-down circuit used
125 f=---eoeees
625 [—------- !
4.096 |—------- — ‘
(| 1
1.8 22 55
Vee (V)

« Active (medium-speed) mode (except A/D
converter and PWM)

« Sleep (medium-speed) mode (except A/D
converter and PWM)

« Internal power supply step-down circuit used

RENESAS

18 3.6

« Subactive mode
« Subsleep mode (except CPU)
« Watch mode (except CPU)

Vee |



L | | | | L 1 1
1.8 3.0 45 55 1.8 3.0 :

AVce (V)
« Active (high-speed) mode « Active (medium-speed) mod
* Sleep (high-speed) mode * Sleep (medium-speed) mode
* Internal power supply step-down circuit « Internal power supply step-d
not used not used
~ 10 p--------------- T
z 1
2 :
® 05 L
02 [t : —
i I I i
1.8 3.0 45 55
AVcce (V)
« Active (high-speed) mode
« Sleep (high-speed) mode
« Internal power supply step-down circuit
used
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values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition
Input high Vi RES, 08Vee — Vec+03 V Vec =4.0105.5\
voltage WKP, to WKP;, 09Vee — Ve +0.3 Except the above

IRQq to IRQy,

AEVL, AEVH,

TMIC, TMIF,

TMIG

SCK34, SCKs,,

ADTRG

RXDg;, RXDgy, 0.7Vee —  Vee+03 V. Vee=4.0t055\

ub 0.8Vee — Ve +0.3 Except the above

OSCl 0.8 VCC — VCC +0.3 \% Vcc =4.0t05.5\

09Vee — Vee +0.3 Except the above

X1 09Vee —  Vec+03 Vec =18V 105!

Plo to P17, 0.7 VCC — VCC +0.3 Vcc =40V 1to5!f

P3yto P35, 0.8Vee — Vee +0.3 Except the above

P4, to P4,

PS5, to P55,

P6, to P6;,

P7,to P74,

PSO to P87,

PAg to PAg

PB, to PB, 07Vee —  AVec+03 Vec=4.0V 105

0.8Vee — AVee +0.3 Except the above

Note: Connect the TEST pin to Vss.

RENESAS



IRQ, to IRQ,

AEVL, AEVH,
TMIC, TMIF,
TMIG
SCKg;, SCKg,,
ADTRG
RXDg;, RXDg,, 0.3 — 03V Vec=4.0t05.5V
ub -0.3 — 0.2 Ve Except the above
0sC, -0.3 — 0.2 When internal step
down circuit is
used.
-0.3 —  0.2V¢c Ve =4.0t05.5V
-0.3 — 0.1 Ve Except the above
Xy -0.3 — 0.1V Vee=1.8Vt05.5
P1,to P1,, -0.3 —  0.3V¢e Vec=4.0V1t055
P3, to P35, -0.3 —  0.2Vcc Except the above
P4o to P43,
P5, to P5;,
P6, to P6,
P7, to P7,
P8, to P8,
PAg to PA,,
PB, to PB,
Output high Vg P1,to P1,, Vee-1.0 —  — Vec=4.0V105.5
voltage P3yto P3;, —lop =1.0 MA
P4, to P4,, Vec—05 — — Vec=4.0Vt05.5
P5, to P5,, —loy = 0.5 mA
P8, to P6;, Vee-03 —  — —loy = 0.1 mA
P7, to P7,
P8, to P8,
PAg to PA;
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— — 0.5 lop =0.4 mA
P5, to P5;, P6g — — 0.5 lop =0.4 mA
to P64, P7gto
P7,, P8y to P8;,
PAq to PA;
P3, to P3; — — 15 Vee=4.0V 105!
loL =10 mA
— — 0.6 Vec=4.0V 105!
lop =1.6 MA
— — 0.5 lop =0.4 mA
Input/output | 1| RES, P4, — — 20.0 MA  V|y=0.5Vto
leakage — — 1.0 Vec—05V
current 0OSCy, Xy, — — 1.0 MA  V)y=05Vto
P1,to P1,, Vec—05V
P3, to P35,
P4, to P4,,
P54 to P55,
P60 to P67,
P7,to P75,
P8, to P8,
PAq to PA;
PBg to PB; — — 1.0 Vin=0.5Vto
AVcee —05V
Pull-up - P1,to P1,, 50.0 — 300.0 MA V=5V,
MOS P3, to P35, Vin=0V
current P5, to P5, — 350 — Vee =27V,
P6, to P6; Vn=0V
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SUpply, REo,
P4, PB, to PB,

la—490 L

ES — 80.0
— 15.0
P4, — 50.0
— 15.0
PB, to PB, — 15.0
Active lopE1 Vee 0.7 1.0 mA  Active (high-speed
mode mode V=5V,
current fosc = 2MHz
dissipation  lgpgs Vee 03 05 mA  Active (medium-
speed) mode
VCC =5 V,
fosc = 2MHz
Divided by 128
Sleep mode Ig ggp Vec 04 0.6 mA  Vee=bY,
current fosc=2MHz
dissipation
Subactive  Igyg Vee 15 30 MA V=27V,
mode LCD on 32-kHz
current crystal oscillator
dissipation (25us=94/2)
8 — MA Ve =27V,
LCD on 32-kHz
crystal oscillator
(Zsus=92w/8)
Subsleep  Isygsp  Vec 75 16 MA Ve =27V,
mode LCD on 32-kHz
current crystal oscillator
dissipation (Zsus=924/2)
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currerit

OsCiliator

dissipation LCD not used
Standby IstRY Vee — 10 50 MA  32-kHz crystal
mode oscillator not use
current
dissipation
RAMdata  Vgam  Vec 15 — - %
retaining
voltage
Notes: 1. Applies to the Mask ROM products.
2. Applies to the HD6473867 and HD6473827.
3. Pin states during current measurement.
RES Other LCD Power
Mode Pin Internal State Pins Supply Oscillato
Active (high-speed) Ve  Operates Vee Halted System cl
mode (lppg1) crystal
Active (medium- Subclock
speed) mode (Igpgs) Pin X1 =
Sleep mode Vee  Only timers operate Ve Halted
Subactive mode Vce  Operates Vee Halted System cl
Subsleep mode Ve Only timers operate, Ve Halted crystal
CPU stops Subclock
Watch mode Vcee  Only time base Vee Halted crystal
operates, CPU stops
Standby mode Vee  CPU and timers both Ve Halted System cl
stop crystal
Subclock
Pin X, = (

4. Excludes current in pull-up MOS transistors and output buffers.
5. When internal step-down circuit is used.
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current Port 3 — 10.0 Vee=4.0V1i0 5.5
(per pin) All output pins — 0.5

Allowable loL Output pins — 40.0 MA  Veec=4.0Vito55
output low except port 3

current Port 3 — 80.0 Vee=4.0V1to 55
(total) All output pins — 20.0

Allowable  —lgy All output pins — 2.0 mA  Vec=4.0Vto5.5)
output high — 0.2 Except the above
current

(per pin)

Allowable —1 on Alloutput pins — 15.0 mA Vec=4.0Vto5.5)
output high — 10.0 Except the above
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Applicable Values

Item Symbol Pins Min  Typ Max Unit Test Condition

System clock fosc 0sC,,08C, 04 — 6 MHz V=45V 1055

oscillation 04 — 4 Vee=3.0Vto5.5

frequency 04 — 3.2 Vec=2.6V1t055
04 — 2 Vee=22V1055
04 — 1 Except the above

OSC clock (osc)  tosc 0SC,, OSC, 167 — 2500 ns Vec =45V 1055

cycle time 250 — 2500 Vec=3.0V1t055
313 — 2500 Vec=2.6V105.5
500 — 2500 Vec =22V 1055
1000 — 2500 Except the above

System clock (o) teye 2 — 128 tosc

cycle time — — 2441 pus

Subclock oscillation  fyy, X1, X5 — 32.768 — kHz

frequency or 38.4

Watch clock (gy)  tw X1, X5 — 30.50r — us

cycle time 26.0

Subclock (ggyg) tsubeyc 2 — 8 tyy

cycle time

Instruction cycle 2 — — teye

time tsubcyc

Oscillation tre 0sC,, 0sC, — 20 45 us Figure 15.9

stabilization time Vec =22V 1055
— 0.1 8 ms Figure 15.9

Vee =22V 105.5

— — 50 ms Except the above
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External clock high tcpy 0sC, 70— — ns Vec =45V 1055\
width 100 — — Vec=3.0V10 5.5\
140 — — Vee=2.6V105.5)
200 — — Vee=2.2V105.5)\
400 — — Except the above
X1 — 1526 — us
or
13.02
External clock low  tep 0SsC, 70 — — ns Vec =45V 1055\
width 100 — — Vee=3.0V105.5)
140 — — Voe=2.6V105.5)
200 — — Ve =22V 10 5.5\
400 — — Except the above
X1 — 1526 — ps
or
13.02
External clock rise  tep, 0SsC, — — 20 ns Vee=4.5V105.5)\
time - - 30 Vec=2.6V 1055\
— — 55 Except the above
X1 — — 55.0 ns
External clock fall  tcps 0sC, - - 20 ns Vec =45V 1055\
time - — 30 Ve =2.6V105.5)\
— — 55 Except the above
X1 — — 55.0 ns
Pin RES low width  tgg, RES 10 — — e
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AU TR, TV
TMIF, TMIG,
AEVL, AEVH

Input pin low width ~ t,, IRQyto IRQ,, 2
WKP, to WKP;,
ADTRG, TMIC,
TMIF, TMIG,
AEVL, AEVH

tsubcyc

UD pin minimum tubH ub 4
modulation width tubL

tsubcyc

Notes: 1. Selected with SA1 and SAO of system clock control register 2 (SYSCR2).
2. Internal power supply step-down circuit not used

Table15.4 Serial Interface (SCI3-1, SCI3-2) Timing

Vce=18V 1055V, AVec =18V 1055V, Vss=AVss=0.0V, T, =—20°Cto+
(including subactive mode) unless otherwise indicated.

Values
Item Symbol Min Typ Max Unit Test Conditions
Input clock  Asynchronous  tecc 4 — — teye OF
cycle Synchronous 6 — — tsubcyc
Input clock pulse width tsckw 0.4 — 0.6ty
Transmit data delay time trxp — — 1 tyyeOr  Vec=40Vi055V
(synchronous) — — 1 tsubeye  EXcept the above
Receive data setup time trxs 2000 — — ns Vee=4.0Vito55V
(synchronous) 400.0 — — Except the above
Receive data hold time tRxH 2000 — — ns Vec=4.0Vito55V
(synchronous) 400.0 — — Except the above

Note: 1. When internal step-down circuit is not used.
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Item Symbol Pins Min Typ Max Unit Test Condition
Analog power AVc AVcce 1.8 — 5.5 \
supply voltage
Analog input  AV|y ANgto AN; -03 — AVee +03  V
voltage
Analog power Algpe  AVcc — — 1.5 mA  AVcc =5V
supply current  Algropr  AVcce — 600 — HA
Alstopz AVcc — — 3 HA
Analog input  Cpn ANgto AN, — — 15.0 pF
capacitance
Allowable Rain — — 10.0 k
signal source
impedance
Resolution — — 10 bit
(data length)
Nonlinearity — — +2.5 LSB AVcc=3.0Vto55V
error Vcc=3.0Vto55V
— — +55 AVec=20Vito55V
Vec=2.0Vto55V
— — +7.5 Except the above
Quantization — — +0.5 LSB
error
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— — 6.0 AV =2.0Vt05.5
Vec=20Vto55V

— — +8.0 Except the above
Conversion 155 — 155 us AVec=3.0Vto5.5
time Vec=3.0Vto55V
62 — 155 Except the above
Notes: 1. Set AVcc = Ve when the A/D converter is not used.
2. Algtop; is the current in active and sleep modes while the A/D converter is
3. Algtop2 is the current at reset and in standby, watch, subactive, and subsle
while the A/D converter is idle.
4. When internal step-down circuit is not used.
5. Conversion time 124 us
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AppPHiLavic 1cot vdaluco
Item Symbol Pins Conditions Min Typ Max Unit
Segment driver Vps SEG; to Ip =2 pA — — 06 V
drop voltage SEG3, V;=27t055V
Common driver Vpc COM; to Ip=2pA — — 03 V
drop voltage COMy4 V,=27t055V
LCD power supply R, cp BetweenV;and 05 3.0 90 M
split-resistance Vss
On-chip liquid Vip Vo — 50 — V
crystal display
power supply
voltage
Liquid crystal Vicp Vq 22 — 55 V

display voltage

Notes: 1. The voltage drop from power supply pins V1, Vo, V3, and VSS to each segm

common pin.

2. The output voltage in step-up constant-voltage power supply operation (unlo

3. When the liquid crystal display voltage is supplied from an external power sc
ensure that the following relationship is maintained: V, V 5, V 3 V gs.
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Clock setup time  tcgy CLy,CL,  7F 500 — ns
Data setup time  tgy DO *1 300 — ns
Data hold time ton DO o 300 — ns
M delay time tom M —-1000 1000 ns
Clock rise and fall  tct CL4, CL, — 170 ns
times

Note: 1. Value when the frame frequency is set to between 30.5 Hz and 488 Hz.
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Vin 7
0OSC1
X1 V||_
fen tepL
— = tcpr ™ teps
Figure15.1 Clock Input Timing
RES
ViL
Figure15.2 RESLow Width
IRQq to IRQ,, [
WKP, to WKP5, ViH
ADTRG,
TMIC, TMIF, ViL
TMIG,
AEVL, AEVH
ti o otw
Figure15.3 Input Timing
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tsckw

SCKg;

SCK3,

tseyc
-y~

Figure15.5 SCK3Input Clock Timing
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TXD3; Vo
TXDa, o
(transmit data) VoL

trxs

b ()

Note: * Output timing reference levels
Output high Von = 1/2Vcec + 0.2V
Output low VoL =0.8V
Load conditions are shown in figure 15-8.

Figure15.6 SCI3 Synchronous Mode I nput/Output Timing
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CL2

DO

\ / 1:).4V JS

tcsu

towL
[€————————>

ter

Vcec — 0.5V
0.4V

tsu

toH

0.4v

— tom

Figure15.7 Segment Expansion Signal Timing
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Output pin \ |~

30 pF 12 kQ

Figure15.8 Output Load Condition

15,5 Resonator Equivalent Circuit

Ls Cs Rs

OSC1 =+ — OSC2

Lo
-0

Crystal Resonator Parameter Ceramic Resonator Parameters

Frequency Frequency
(MHZ) 1 4.193 (MH2) 0.4
Rs (max) 40 Q 100 Q Rs (max) 8.6 Q
Co (max) 3.5pF 16 pF Co (max) 326 pF

Figure15.9 Resonator Equivalent Circuit
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Rn8/16 General register (8 or 16 bits)

CCR Condition code register
N N (negative) flag in CCR
z Z (zero) flag in CCR
V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#xx: 3/8/16 Immediate data (3, 8, or 16 bits)
d: 8/16 Displacement (8 or 16 bits)
@aa: 8/16 Absolute address (8 or 16 bits)
+ Addition
- Subtraction
X Multiplication
+ Division
ad Logical AND
d Logical OR
d Exclusive logical OR

- Move

— Logical complement

Condition Code Notation

Symbol

i Modified according to the instruction result
* Not fixed (value not guaranteed)

0 Always cleared to 0

— Not affected by the instruction execution result
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Mnemonic o Operation | ©
MOV.B #xx:8, Rd B | #xx:8 — Rd8 2
MOV.B Rs, Rd B | Rs8 - Rd8 2
MOV.B @Rs, Rd B | @Rs16 - Rd8
MOV.B @(d:16, Rs), Rd | B | @(d:16, Rs16) -~ Rd8
MOV.B @Rs+, Rd B | @Rs16 - Rd8
Rs16+1 - Rsl16
MOV.B @aa:8, Rd B | @aa:8 — Rd8
MOV.B @aa:16, Rd B | @aa:16 — Rd8 4
MOV.B Rs, @Rd B | Rs8 - @Rd16
MOV.B Rs, @(d:16, Rd) | B | Rs8 —» @(d:16, Rd16)
MOV.B Rs, @-Rd B | Rd16-1 - Rd16
Rs8 - @Rd16
MOV.B Rs, @aa:8 B | Rs8 - @aa:8
MOV.B Rs, @aa:16 B | Rs8 - @aa:16 4
MOV.W #xx:16, Rd W | #xx:16 - Rd 4
MOV.W Rs, Rd W | Rs1l6 - Rd16 2
MOV.W @Rs, Rd W | @Rsl16 - Rd16
MOV.W @(d:16, Rs), Rd |W| @(d:16, Rs16) —» Rd16
MOV.W @Rs+, Rd W| @Rs16 - Rd16
Rs16+2 - Rs16
MOV.W @aa:16, Rd W| @aa:16 - Rd16 4
MOV.W Rs, @Rd W| Rsl6 -~ @Rd16
MOV.W Rs, @(d:16, Rd) |W| Rs16 - @(d:16, Rd16)
MOV.W Rs, @—Rd W | Rd16-2 - Rd16
Rs16 - @Rd16
MOV.W Rs, @aa:16 W| Rsl6 - @aa:16 4

POP Rd W| @SP - Rd16
SP+2 - SP
PUSH Rs W| SP-2 - SP
Rs16 - @SP
384

RENESAS




(

ADD.B Rs, Rd

Rd8+Rs8 - Rd8

B
ADD.W Rs, Rd W| Rd16+Rs16 - Rd16 2 Q)
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C - Rd8 !
ADDX.B Rs, Rd B | Rd8+Rs8 +C - Rd8 2 !
ADDS.W #1, Rd W | Rd16+1 - Rd16 2 —
ADDS.W #2, Rd W | Rd16+2 - Rd16 2 —
INC.B Rd B | Rd8+1 - Rd8 2 —
DAA.B Rd B | Rd8 decimal adjust - Rd8 2 *
SUB.BRs, Rd B | Rd8—Rs8 - Rd8 2 1
SUB.W Rs, Rd W| Rd16-Rs16 - Rd16 2 Q)
SUBX.B #xx:8, Rd B | Rd8—#xx:8 -C - Rd8 ?
SUBX.B Rs, Rd B | Rd8-Rs8 —-C — Rd8 2 1
SUBS.W #1, Rd W| Rd16-1 - Rd16 2 —
SUBS.W #2, Rd W| Rd16-2 - Rd16 2 —
DEC.B Rd B | Rd8-1 - Rd8 2 —
DAS.B Rd B | Rd8 decimal adjust - Rd8 2 *
NEG.B Rd B | 0-Rd - Rd 2 !
CMP.B #xx:8, Rd B | Rd8—#xx:8 t
CMP.B Rs, Rd B | Rd8-Rs8 2 !
CMP.W Rs, Rd W | Rd16-Rs16 (1)
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DIVXU.B Rs, Rd

w

Rd16+Rs8 - Rd16
(RdH: remainder,
RdL: quotient)

(©)

AND.B #xx:8, Rd B | Rd8#xx:8 — Rd8 1
AND.B Rs, Rd B | Rd8Rs8 - Rd8 t
OR.B #xx:8, Rd B | Rd8#xx:8 - Rd8 1
OR.B Rs, Rd B | Rd8[Rs8 - Rd8 B
XOR.B #xx:8, Rd B | Rd80#xx:8 — Rd8 1
XOR.B Rs, Rd B | Rd8JRs8 - Rd8 B
NOT.B Rd B|Rd - Rd '
SHAL.B Rd B IIIIIIII 0 1
b, by
SHAR.B Rd B lIIIIIIII !
SHLLB R Ve[ [T [ ]]«o I
b, by
swnsrs (oo T} :
b, b
ROTXL.B Rd B IIIIIIII 0
b, b
ROTXR.B Rd B m_[h 0
b, by C
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S )

b, bo

ROTR.B Rd B IIIIIIII

b, bo
BSET #xx:3, Rd B | #xx:30fRd8) ~ 1
BSET #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 1
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) « 1
BSET Rn, Rd B | (Rn8 of Rd8) « 1
BSET Rn, @Rd B | (Rn8 of @Rd16) ~ 1
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1
BCLR #xx:3, Rd B | (#xx:3 of Rd8) ~ 0
BCLR #xx:3, @Rd B | (#xx:3 of @Rd16) ~ O
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) —~ 0
BCLR Rn, Rd B| (Rn8 of Rd8) — 0
BCLR Rn, @Rd B | (Rn8 of @Rd16) — 0
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) —~ 0
BNOT #xx:3, Rd B | (#xx:3 of Rd8) -

(#xx:3 of Rd8)

BNOT #xx:3, @Rd

(#xx:3 of @Rd16)
(#xx:3 of @Rd16)

BNOT #xx:3, @aa:8

(#xx:3 of @aa:8) ~
(#xx:3 of @aa:8)

BNOT Rn, Rd B | (Rn8 of Rd8) —
(Rn8 of Rd8)
BNOT Rn, @Rd B | (Rn8 of @Rd16) —

(Rn8 of @Rd16)

BNOT Rn, @aa:8

(Rn8 of @aa:8)
(Rn8 of @aa:8)
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BTST #xx:3, @Rd

(#xx:3 of @Rd16) - Z

BTST #xx:3, @aa:8

(#xx:3 of @aa:8) - Z

BTST Rn, Rd (Rn8 of Rd8) - Z 2
BTST Rn, @Rd (Rn8 of @Rd16) - Z
BTST Rn, @aa:8 (Rn8 of @aa:8) - Z
BLD #xx:3, Rd (#xx:3 of Rd8) -~ C 2

BLD #xx:3, @Rd

(#xx:3 of @Rd16) - C

BLD #xx:3, @aa:8

(#xx:3 of @aa:8) - C

BILD #xx:3, Rd

(#xx:3 of Rd8) —~ C 2

BILD #xx:3, @Rd

(#xx:3 of @Rd16) - C

BILD #xx:3, @aa:8

(#xx:3 of @aa:8) -~ C

BST #xx:3, Rd

C - (#xx:3 of Rd8) 2

BST #xx:3, @Rd

C - (#xx:3 of @Rd16)

BST #xx:3, @aa:8

C - (#xx:3 of @aa:8)

BIST #xx:3, Rd

C - (#xx:3 of Rd8) 2

BIST #xx:3, @Rd

(#xx:3 of @Rd16)

BIST #xx:3, @aa:8

C-
C - (#xx:3 of @aa:8)

BAND #xx:3, Rd

CO#xx:3 of Rd8) - C 2

BAND #xx:3, @Rd

CO#xx:3 of @Rd16) — C

BAND #xx:3, @aa:8

CO#xx:3 of @aa:8) - C

BIAND #xx:3, Rd

CO(#xx:3 of Rd8) — C 2

BIAND #xx:3, @Rd

CO(#xx:3 of @Rd16) -~ C

BIAND #xx:3, @aa:8

CO(#xx:3 of @aa:8) -~ C

BOR #xx:3, Rd

CO#xx:3 of Rd8) - C 2

BOR #xx:3, @Rd

CO#xx:3 of @Rd16) - C

BOR #xx:3, @aa:8

CO#xx:3 of @aa:8) - C

BIOR #xx:3, Rd

CO(#xx:3 of Rd8) — C 2

BIOR #xx:3, @Rd

[ox e e B i ve R i v ol v o v v I v v I v v A v v v v v v A w « A e« R ww v v v o v w v w v v w v v v w v i w v B o v B R o e I R v [ o

CO(#xx:3 of @Rd16) -~ C
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iR TR ARERREY N T

D W 5

BXOR #xx:3, Rd

CO#xx:3 of Rd8) - C

BXOR #xx:3, @Rd

CO(#xx:3 of @Rd16) - C

BXOR #xx:3, @aa:8

CO(#xx:3 of @aa:8) - C

BIXOR #xx:3, Rd

CO(#xx:3 of Rd8) - C

BIXOR #xx:3, @Rd

CO(#xx:3 of @Rd16) - C

BIXOR #xx:3, @aa:8

CU(#xx:3 of @aa:8) —~ C

BRA d:8 (BT d:8) —| PC « PC+d:8 2
BRN d:8 (BF d:8) —| PC « PC+2 2
BHI d:8 —If coz=0 2
BLS d:8 __| condition [~ 7 _ 4 2
is true
BCC d:8 (BHS d:8) —| then C=0 2
BCS d:8 (BLO d:8) —| PC c=1 2
_ PC+d:8 -
BNE d:8 —| else next: |2=0 2
BEQ d:8 — zZ=1 2
BVC d:8 — V=0 2
BVS d:8 — V=1 2
BPL d:8 — N=0 2
BMI d:8 — N=1 2
BGE d:8 — NOV =0 2
BLT d:8 — NOV =1 2
BGT d:8 — ZO(NOV) =0 2
BLE d:8 — ZO(NOV) =1 2
JMP @Rn —| PC < Rn16
JMP @aa:16 —| PC ~ aa:l6
JMP @ @aa:8 —| PC « @aa:8
BSR d:8 —|SP-2 - SP 2
PC - @SP
PC — PC+d:8
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PC - @SP

PC ~ Rn16
JSR @aa:16 —| SP-2 -, SP

PC - @SP

PC -~ aa:l16
JSR @@aa:8 SP-2 - SP

PC - @SP

PC - @aa:8
RTS —| PC « @SP

SP+2 -, SP
RTE —| CCR « @SP

SP+2 -, SP

PC - @SP

SP+2 -, SP
SLEEP — | Transit to sleep mode.
LDC #xx:8, CCR B | #xx:8 - CCR
LDC Rs, CCR B | Rs8 -~ CCR
STC CCR, Rd B | CCR - Rd8
ANDC #xx:8, CCR B | CCR#xx:8 » CCR
ORC #xx:8, CCR B | CCR#xx:8 -~ CCR
XORC #xx:8, CCR B | CCRO#xx:8 - CCR
NOP —| PC « PC+2
EEPMOQV — | if R4L#0

Repeat @R5 -~ @R6

R5+1 - R5

R6+1 - R6

R4L-1 - R4L

Until R4L=0

else next;

Notes: (1) Setto 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.
(2) If the result is zero, the previous value of the flag is retained; otherwise the flag is clear
(3) Setto 1 if decimal adjustment produces a carry; otherwise retains value prior to arithme
(4) The number of states required for execution is 4n + 9 (n = value of R4L).
(5) Setto 1 if the divisor is negative; otherwise cleared to 0.
(6) Setto 1 if the divisor is zero; otherwise cleared to 0.
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Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is:

BSET #0, @FF00

Fromtable A.4:

I=L=2, J=K=M=N=0

From table A.3:

S =2, §=2

Number of states required for execution=2x2+2x2=38

When instruction is fetched from on-chip ROM, branch addressis read from on-chip |
on-chip RAM isused for stack area.

JSR @@ 30

From table A.4:

=2, J=K=1, L=M=N=0

From table A.3:

S| = SJ: SK =2

Number of states required for execution=2x2+1x2+1x2=8
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Word data access Sm —

Internal operation SN 1

Note: * Depends on which on-chip module is accessed. See 2.9.1, Notes on Data Acce
details.
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MAUUA

AUUA.D AA.O, U

ADDX.B Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @Rd
BAND #xx:3, @aa:8

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @Rd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @Rd
BCLR Rn, @aa:8

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @Rd
BIAND #xx:3, @aa:8

N N RPN NP NN EINDNDNMDNDDNDDNDDNDDNDNDNDNDNDNDNDNDNDNDDNDDNDDNDINDNDLR|RP|RP PP F
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A TTAA GG, T ULY

)

BIST

BIST #xx:3, Rd
BIST #xx:3, @Rd
BIST #xx:3, @aa:8

BIXOR

BIXOR #xx:3, Rd
BIXOR #xx:3, @Rd
BIXOR #xx:3, @aa:8

BLD

BLD #xx:3, Rd
BLD #xx:3, @Rd
BLD #xx:3, @aa:8

BNOT

BNOT #xx:3, Rd
BNOT #xx:3, @Rd
BNOT #xx:3, @aa:8
BNOT Rn, Rd
BNOT Rn, @Rd
BNOT Rn, @aa:8

BOR

BOR #xx:3, Rd
BOR #xx:3, @Rd
BOR #xx:3, @aa:8

BSET

BSET #xx:3, Rd
BSET #xx:3, @Rd
BSET #xx:3, @aa:8
BSET Rn, Rd
BSET Rn, @Rd
BSET Rn, @aa:8

BSR

BSR d:8

BST

BST #xx:3, Rd
BST #xx:3, @Rd
BST #xx:3, @aa:8

BTST

BTST #xx:3, Rd
BTST #xx:3, @Rd
BTST #xx:3, @aa:8
BTST Rn, Rd
BTST Rn, @Rd

N P NN EFEPINDN RPN DNDNPEPDNDNDERPINDNDEINDNDEDNDDNDEINMDNDEINDNEINDN-ERE
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w“ivirF. D o, U

CMP.W Rs, Rd

DAA

DAA.B Rd

DAS

DAS.B Rd

DEC

DEC.B Rd

DIVXU

DIVXU.B Rs, Rd

EEPMOV

EEPMOV

2n+2*

INC

INC.BRd

JMP

JMP @Rn
JMP @aa:16
JMP @@aa:8

JSR

JSR @Rn
JSR @aa:16
JSR @@aa:8

LDC

LDC #xx:8, CCR
LDC Rs, CCR

MOV

MOV.B #xx:8, Rd
MOV.B Rs, Rd

MOV.B @Rs, Rd
MOV.B @(d:16, Rs), Rd
MOV.B @Rs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B Rs, @Rd
MOV.B Rs, @(d:16, Rd)
MOV.B Rs, @-Rd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @Rs, Rd
MOV.W @(d:16, Rs), Rd
MOV.W @Rs+, Rd
MOV.W @aa:16, Rd

B N R R NNRRPRPNRNRRNRERERER(RPREP[INNMNNNDNDRER[INRPR|(RR|IR|RLF

N

PR R R R R R R R R

[ =

Note: n: Initial value in R4L. The source and destination operands are accessed n + 1 times each.
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NEO

NEO.D U

[

NOP NOP 1
NOT NOT.B Rd 1
OR OR.B #xx:8, Rd 1
OR.B Rs, Rd 1
ORC ORC #xx:8, CCR 1
ROTL ROTL.B Rd 1
ROTR ROTR.B Rd 1
ROTXL ROTXL.B Rd 1
ROTXR ROTXR.B Rd 1
RTE RTE 2 2
RTS RTS 2 1
SHAL SHAL.B Rd 1
SHAR SHAR.B Rd 1
SHLL SHLL.BRd 1
SHLR SHLR.B Rd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
SuUB SUB.B Rs, Rd 1
SUB.W Rs, Rd 1
SUBS SUBS.W #1, Rd 1
SUBS.W #2, Rd 1
POP POP Rd 1 1
PUSH PUSH Rs 1 1
SUBX SUBX.B #xx:8, Rd 1
SUBX.B Rs, Rd 1
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XORC XORC #xx:8, CCR 1
398
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H'92 CWOSR — — — — — — — CWOS
H'93

H'94

H'95 ECCSR  OVH OVL —_ CH2 CUEH CUEL CRCH CRCL
H'96 ECH ECH7 ECH6 ECH5 ECH4 ECH3 ECH2 ECH1 ECHO
H'97 ECL ECL7 ECL6 ECL5 ECL4 ECL3 ECL2 ECL1 ECLO

H'98 SMR31 COM31 CHR31 PE31 PM31 STOP31 MP31 CKS311 CKS31
H'99 BRR31 BRR317 BRR316 BRR315 BRR314 BRR313 BRR312 BRR311 BRR3:!
H'9A SCR31 TIE31 RIE31 TE31 RE31 MPIE31  TEIE31 CKE31 CKES3!
H'9B TDR31 TDR317 TDR316 TDR315 TDR314 TDR313 TDR312 TDR311 TDR3I
H'9C SSR31 TDRE31 RDRF31 OER31 FER31 PER31 TEND31 MPBR31 MPBT:
H'9D RDR31 RDR317 RDR316 RDR315 RDR314 RDR313 RDR312 RDR311 RDR3:
H'9E

H'9F

H'A0

H'Al

H'A2

H'A3

H'A4

H'A5

H'A6

H'A7

H'A8 SMR32 COM32 CHR32 PE32 PM32 STOP32 MP32 CKS321 CKS3Z
H'A9 BRR32 BRR327 BRR326 BRR325 BRR324 BR323 BRR322 BRR321 BRR3:
H'AA SCR32 TIE32 RIE32 TE32 RE32 MPIE32  TEIE32 CKE321 CKE3:
H'AB TDR32 TDR327 TDR326 TDR325 TDR324 TDR323 TDR322 TDR321 TDR3Z
H'AC SSR32 TDRE32 RDRF32 OER32 FER32 PER32 TEND32 MPBR32 MPBT!
H'AD RDR32 RDR327 RDR326 RDR325 RDR324 RDR323 RDR322 RDR321 RDRS3:
H'AE

H'AF

H'BO TMA TMA7 TMAG TMAS — TMA3 TMA2 TMAL TMAO
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H'B8 TCFH TCFH7 TCFH6 TCFHS5 TCFH4 TCFH3 TCFH2 TCFH1 TCFHO
H'B9 TCFL TCFL7 TCFL6 TCFL5 TCFL4 TCFL3 TCFL2 TCFL1 TCFLO
H'BA OCRFH  OCRFH7 OCRFH6 OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFH1 OCRFH
H'BB OCRFL OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1 OCRFL(
H'BC T™MG OVFH OVFL OVIE IIEGS CCLR1 CCLRO CKS1 CKSO
H'BD ICRGF ICRGF7 ICRGF6 ICRGF5 ICRGF4 ICRGF3 ICRGF2 ICRGF1 ICRGFC
H'BE ICRGR ICRGR7 ICRGR6 ICRGR5 ICRGR4 ICRGR3 ICRGR2 ICRGR1 ICRGRC
H'BF

H'CO LPCR DTS1 DTSO CMX SGX SGS3 SGS2 SGS1 SGS0
H'C1 LCR —_ PSW ACT DISP CKS3 CKS2 CKSs1 CKS0
H'C2 LCR2 LCDAB — — SUPS CDS3 CDS2 CDS1 CDSO0
H'C3

H'C4 ADRRH  ADR9 ADR8 ADR7 ADR6 ADRS5 ADR4 ADR3 ADR2
H'C5 ADRRL ADR1 ADRO — — — — — —

H'C6 AMR CKS TRGE —_ —_ CH3 CH2 CH1 CHO
H'C7 ADSR ADSF —_ —_ —_ —_ —_ —_ —_

H'C8 PMR1 IRQ3 IRQ2 IRQ1 IRQ4 TMIG TMOFH TMOFL  TMOW
H'C9

H'CA PMR3 AEVL AEVH WDCKS NCS IRQO RESO ub PWM
H'CB

H'CC PMR5 WKP7 WKP6 WKP5 WKP4 WKP3 WKP2 WKP1 WKPO
H'CD

H'CE

H'CF

H'DO PWCR — — — — — — PWCR1 PWCRO
H'D1 PWDRU — — PWDRU5 PWDRU4 PWDRU3 PWDRU2 PWDRU1l PWDRU
H'D2 PWDRL PWDRL7 PWDRL6 PWDRL5 PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRL
H'D3

H'D4 PDR1 P17 P16 P15 P14 P13 P12 P11 P10
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H'DC

H'DD PDRA — — — — PA3 PA2 PAl PAO
H'DE PDRB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
H'DF

H'EO PUCR1 PUCR17 PUCR16 PUCR15 PUCR14 PUCR13 PUCR12 PUCR11 PUCR
HE1 PUCR3 PUCR37 PUCR36 PUCR35 PUCR34 PUCR33 PUCR32 PUCR31 PUCR
H'E2 PUCR5 PUCR57 PUCR56 PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCR
H'E3 PUCRG6 PUCR67 PUCR66 PUCR65 PUCR64 PUCR63 PUCR62 PUCR61 PUCR
H'E4 PCR1 PCR17 PCR16 PCR15 PCR14 PCR13 PCR12 PCR11 PCRI1(
H'E5

H'E6 PCR3 PCR37 PCR36 PCR35 PCR34 PCR33 PCR32 PCR31 PCR3(
H'E7 PCR4 —_ —_ —_ —_ —_ PCR42 PCR41 PCRA(
H'E8 PCR5 PCR57 PCR56 PCR55 PCR54 PCR53 PCR52 PCR51 PCR5(
H'E9 PCR6 PCR67 PCR66 PCR65 PCR64 PCR63 PCR62 PCR61 PCRG(
HEA PCR7 PCR77 PCR76 PCR75 PCR74 PCR73 PCR72 PCR71 PCRT(
HEB PCR8 PCR87 PCR86 PCR85 PCR84 PCR83 PCR82 PCR81 PCRS(
HEC

H'ED PCRA —_ —_ —_ —_ PCRA3 PCRA2 PCRA1 PCRA
H'EE

H'EF

H'FO SYSCR1 SSBY STS2 STS1 STSO LSON — MA1 MAO
HF1 SYSCR2 — — — NESEL DTON MSON SAl SAO0
H'F2 IEGR — — — IEG4 IEG3 IEG2 IEG1 IEGO
H'F3 IENR1 IENTA —_ IENWP IEN4 IEN3 IEN2 IEN1 IENO
H'F4 IENR2 IENDT IENAD — IENTG IENTFH IENTFL  IENTC IENEC
H'F5

H'F6 IRR1 IRRTA — — IRRI4 IRRI3 IRRI2 IRRI1 IRRIO
H'F7 IRRI2 IRRDT IRRAD — IRRTG IRRTFH IRRTFL  IRRTC IRREC
H'F8
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Legend
SCI: Serial Communication Interface
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Bit

Initial bit

values Initial value
Read/Write

Possible types of access

R | Read only
W | Write only
R/W | Read and write

7 6 5 4 2 1
‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1 ‘ TMCO ‘*f
0 0 0 1 1 0 0 0
RIW R/IW RIW — — R/IW RIW RIW
‘ |
Clock select
0|00 | Internal clock: 2/8192
1 | Internal clock: 2/2048
110 | Internal clock: 2/512
1 | Internal clock: 2/64
1|0 |0] Internal clock: /16 T
1 | Internal clock: o/4
1|0 | Internal clock: @y/4
1 | External event (TMIC): Rising or falling edge

Auto-reload function select

Counter up/down control

0|0 | TCC is an up-counter

1| TCC is a down-counter

1| * | TCC up/down control is determined by input at pin
UD. TCC is a down-counter if the UD input is high,
and an up-counter if the UD input is low.

0

Interval timer function selected

=

Auto-reload function selected

RENESAS

*: Don’t care




WKPn edge selected
0 | WKPn pin falling edge detected
1 | WKPn pin rising edge detected

(n=0t07)
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RXDg; pin input data inversion switc

0 | RXDjg, input data is not inverted
1 | RXDg, input data is inverted

TXDg, pin output data inversion switch

0

TXD,, output data is not inverted

1

TXD,, output data is inverted

RXDs, pin input data inversion switch

0 | RXDj, input data is not inverted

1 | RXDg, input data is inverted

TXDg, pin output data inversion switch

0

TXD,, output data is not inverted

1

TXD,, output data is inverted

P35TXDg, pin function switch

0 | Functions as P3; I/0 pin

1| Functions as TXDg, output pin

P4,/TXDg,pin function switch

0

Function as P4, I/O pin

1

Function as TXD,, output pin

RENESAS



TMOW pin clock select

0 | Clock output from TMA is output

1| @, isoutput
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Counter reset cc
0 | ECL is reset

1| ECL resetis
and count-u
is enabled

Counter reset control H
0| ECH isreset

1| ECH reset is clearec
count-up function is

Count-up enable L

0 | ECL event clock input is
ECL value is held

1| ECL event clock input is

Count-up enable H

0 | ECH event clock input is dis
ECH value is held

1| ECH event clock input is en

Channel select

0

ECH and ECL are used together as -
channel 16-bit event counter

ECH and ECL are used as two indey
8-bit event counter channels

Counter overflow L

0

ECL has not overflowed

1

ECL has overflowed

Counter overflow H

0

ECH has not overflowed

1

ECH has overflowed
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Bit 7 6 5 4 3 2 1
‘ ECL7 ‘ ECL6 ‘ ECL5 ‘ ECL4 ‘ ECL3 ‘ ECL2 ‘ ECL1 ‘ |

Initial value 0 0 0 0 0 0 0
Read/Write R R R R R R R
408
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Clock se

0

0

%

0
1
1

1
0
1

(%
(%
(%

Multiprocessor mode

0 | Multiprocessor comn
function disabled

1| Multiprocessor comn
function enabled

Stop bit length

0| 1 stop bit
1| 2 stop hits
Parity mode
0 | Even parity
1| Odd parity

Parity enable

0 | Parity bit addition and checking disabled

1| Parity bit addition and checking enabled

Character length
0| 8-bit data/5-bit data
1| 7-bit data/5-bit data

Communication mode

0

Asynchronous mode

1

Synchronous mode
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Clock enable
Bitl | BitO Description
CKE311CKE310| Communication Mode Clock Source SCK3 Pin Function
0 0 Asynchronous Internal clock 1/0 port
Synchronous Internal clock Serial clock output
0 1 Asynchronous Internal clock Clock output
Synchronous Reserved (Do not specify this combination
1 0 Asynchronous External clock Clock input
Synchronous External clock Serial clock input
1 1 Asynchronous Reserved (Do not specify this combination
Synchronous Reserved (Do not specify this combination

Transmit end interrupt enable

0 | Transmit end interrupt request (TEI) disabled
1 | Transmit end interrupt request (TEI) enabled

Multiprocessor interrupt enable

0 | Multiprocessor interrupt request disabled (normal receive operation)
[Clearing conditions]
When data is received in which the multiprocessor bit is set to 1

1 | Multiprocessor interrupt request enabled

The receive interrupt request (RXI), receive error interrupt request (ERI), and setting of th
RDRF, FER, and OER flags in the serial status register (SSR), are disabled until data witt
the multiprocessor bit set to 1 is received.

Receive enable

0 | Receive operation disabled (RXD pin is I/O port)

1 | Receive operation enabled (RXD pin is receive data pin)

Transmit enable

0 | Transmit operation disabled (TXD pin is transmit data pin)

1 | Transmit operation enabled (TXD pin is transmit data pin)

Receive interrupt enable

0 | Receive data full interrupt request (RXI) and receive error interrupt request (ERI) disabled

1 | Receive data full interrupt request (RXI) and receive error interrupt request (ERI) enabled

Transmit interrupt enable
0  Transmit data empty interrupt request (TXI) disabled
1 Transmit data empty interrupt request (TXI) enabled
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Multiprocessor bit transfer

0 A 0 multiprocessor bit is transmitted
1 A 1 multiprocessor bit is transmitted

Multiprocessor bit receive

0 Data in which the multiprocessor bit is 0 has been received

1 Data in which the multiprocessor bit is 1 has been received

Transmit end

0 Transmission in progress
[Clearing conditions] « After reading TDRE3L = 1, cleared by writing 0 to TDRE
* When data is written to TDR31 by an instruction

1 | Transmission ended
[Setting conditions]  * When bit TE in serial control register 31 (SCR31) is cleared to 0
* When bit TDRE31 is set to 1 when the last bit of a transmit character is sent

Parity error

0 Reception in progress or completed normally
[Clearing conditions] After reading PER31 = 1, cleared by writing 0 to PER31
1 | A parity error has occurred during reception

[Setting conditions] When the number of 1 bits in the receive data plus parity bit does not match the parit
designated by the parity mode bit (PM31) in the serial mode register (SMR31)

Framing error

0 Reception in progress or completed normally
[Clearing conditions] After reading FER31 = 1, cleared by writing 0 to FER31

1 A framing error has occurred during reception

[Setting conditions] When the stop bit at the end of the receive data is checked for a value of 1 at completior
reception, and the stop bit is 0

Overrun error

0 Reception in progress or completed

[Clearing conditions] After reading OER31 = 1, cleared by writing 0 to OER31

1 An overrun error has occurred during reception

[Setting conditions] When the next serial reception is completed with RDRF31 set to 1

Receive data register full

0 | There is no receive data in RDR31
[Clearing conditions] « After reading RDRF31 = 1, cleared by writing 0 to RDRF31
+ When RDR31 data is read by an instruction
1 There is receive data in RDR31
[Setting conditions] When reception ends normally and receive data is transferred from RSR31 to RDR31

Transmit data register empty

0 Transmit data written in TDR31 has not been transferred to TSR31
[Clearing conditions] « After reading TDRE31 = 1, cleared by writing 0 to TDRE31
* When data is written to TDR31 by an instruction

1 Transmit data has not been written to TDR31, or transmit data written in TDR31 has been transferred to TSR31
[Setting conditions] « When bit TE in serial control register 31 (SCR31) is cleared to 0
« When data is transferred from TDR31 to TSR31

Note: * Only a write of O for flag clearing is possible.
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Clock se

0

0

%

0
1
1

1
0
1

(%
(%
(%

Multiprocessor mode

0 | Multiprocessor comn
function disabled

1| Multiprocessor comn
function enabled

Stop bit length

0| 1 stop bit
1| 2 stop hits
Parity mode
0 | Even parity
1| Odd parity

Parity enable

0 | Parity bit addition and checking disabled

1| Parity bit addition and checking enabled

Character length
0| 8-bit data/5-bit data
1| 7-bit data/5-bit data

Communication mode

0

Asynchronous mode

1

Synchronous mode
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Clock enable
Bitl | BitO Description
CKE321/CKE320| Communication Mode Clock Source SCK3 Pin Function
0 0 Asynchronous Internal clock 1/0 port
Synchronous Internal clock Serial clock output
0 1 Asynchronous Internal clock Clock output
Synchronous Reserved (Do not specify this combination
1 0 Asynchronous External clock Clock input
Synchronous External clock Serial clock input
1 1 Asynchronous Reserved (Do not specify this combination
Synchronous Reserved (Do not specify this combination

Transmit end interrupt enable

0 | Transmit end interrupt request (TEI) disabled
1 | Transmit end interrupt request (TEI) enabled

Multiprocessor interrupt enable

0 | Multiprocessor interrupt request disabled (normal receive operation)
[Clearing conditions]
When data is received in which the multiprocessor bit is set to 1

1 | Multiprocessor interrupt request enabled

The receive interrupt request (RXI), receive error interrupt request (ERI), and setting of th
RDRF, FER, and OER flags in the serial status register (SSR), are disabled until data witt
the multiprocessor bit set to 1 is received.

Receive enable

0 | Receive operation disabled (RXD pin is I/O port)

1 | Receive operation enabled (RXD pin is receive data pin)

Transmit enable

0 | Transmit operation disabled (TXD pin is transmit data pin)

1 | Transmit operation enabled (TXD pin is transmit data pin)

Receive interrupt enable

0 | Receive data full interrupt request (RXI) and receive error interrupt request (ERI) disabled

1 | Receive data full interrupt request (RXI) and receive error interrupt request (ERI) enabled

Transmit interrupt enable
0  Transmit data empty interrupt request (TXI) disabled
1 Transmit data empty interrupt request (TXI) enabled
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Multiprocessor bit transfer

0 A 0 multiprocessor bit is transmitted
1 A 1 multiprocessor bit is transmitted

Multiprocessor bit receive

0 Data in which the multiprocessor bit is 0 has been received

1 Data in which the multiprocessor bit is 1 has been received

Transmit end

0 Transmission in progress
[Clearing conditions] s After reading TDRE32 = 1, cleared by writing 0 to TDRE32
* When data is written to TDR32 by an instruction

1 | Transmission ended
[Setting conditions]  * When bit TE in serial control register 32 (SCR32) is cleared to 0
* When bit TDRE32 is set to 1 when the last bit of a transmit character is sent

Parity error

0 Reception in progress or completed normally
[Clearing conditions] After reading PER32 = 1, cleared by writing 0 to PER32
1 | A parity error has occurred during reception

[Setting conditions] When the number of 1 bits in the receive data plus parity bit does not match the parit
designated by the parity mode bit (PM32) in the serial mode register (SMR32)

Framing error

0 Reception in progress or completed normally
[Clearing conditions] After reading FER32 = 1, cleared by writing 0 to FER32

1 A framing error has occurred during reception

[Setting conditions] When the stop bit at the end of the receive data is checked for a value of 1 at completior
reception, and the stop bit is 0

Overrun error

0 Reception in progress or completed

[Clearing conditions] After reading OER32 = 1, cleared by writing 0 to OER32

1 An overrun error has occurred during reception

[Setting conditions] When the next serial reception is completed with RDRF32 set to 1

Receive data register full

0 | There is no receive data in RDR32
[Clearing conditions] « After reading RDRF32 = 1, cleared by writing 0 to RDRF32
+ When RDR32 data is read by an instruction
1 There is receive data in RDR32
[Setting conditions] When reception ends normally and receive data is transferred from RSR32 to RDR32

Transmit data register empty

0 Transmit data written in TDR32 has not been transferred to TSR32
[Clearing conditions] « After reading TDRE32 = 1, cleared by writing 0 to TDRE32
* When data is written to TDR32 by an instruction

1 Transmit data has not been written to TDR32, or transmit data written in TDR32 has been transferred to TSR32
[Setting conditions] « When bit TE32 in serial control register 32 (SCR32) is cleared to 0
« When data is transferred from TDR32 to TSR32

Note: * Only a write of O for flag clearing is possible.
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Bit 6 5 4 3 2 1
‘ TMA7 ‘ TMAG6 ‘ TMAS ‘ — ‘ TMA3 ‘ TMA2 ‘ TMAl ‘ '
Initial value 0 0 1 0 0 0
Read/Write R/W R/W — R/W R/W R/W
|
\
Clock output select Internal clock select
0/0|0]|@a/32 Prescaler and Divider Ratio
1| /16 TMA3 | TMA2 | TMA1| TMAO | or Overflow Period F
10| a/8 0 0 0 0 | PSS /8192 |
1| o/a 1 |Pss /4096 t
1/0|0/| gy/32 1 0 PSS 212048
1| oy/16 1 PSS @/512
10| oy/8 1 0 0 PSS /256
1| o4 1 | PSS /128
1 0 PSS /32
1 PSS /8
1 0 0 0 PSW 1ls Ti
1 | Psw 05s b:
1 | 0 |Psw 0.25s S’
1 PSW 0.03125 s 3.
1 0 0 PSW and TCA are reset
1
1 0
1
420
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\
Watchdog timer reset
0 | [Clearing conditions]
« Reset by RES pin
* When TCSRWE =1, and 0 is written in both BOWI and WR
1 | [Setting condition]
When TCW overflows and a reset signal is generated

Bit O write inhibit
0 | Bit 0 is write-enabled
1| Bit O is write-protected

Watchdog timer on
0 | Watchdog timer operation is disabled
1 | Watchdog timer operation is enabled

Bit 2 write inhibit
0 | Bit 2 is write-enabled
1 | Bit 2 is write-protected

Timer control/status register W write enable
0 | Data cannot be written to bits 2 and 0
1 | Data can be written to bits 2 and 0

Bit 4 write inhibit
0 | Bit 4 is write-enabled
1 | Bit 4 is write-protected

Timer counter W write enable
0 | Data cannot be written to TCW
1 | Data can be written to TCW

Bit 6 write inhibit
0 | Bit 6 is write-enabled
1 | Bit 6 is write-protected

Note: * Write is permitted only under certain conditions.
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TMC—Timer moderegister C H'B4

Bit 7 6 5 4 3 2 1
‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1 ‘
Initial value 0 0 0 1 1 0 0
Read/Write R/W R/W R/W — — R/W R/W
] \
\
Clock select
0| 00| Internal clock: 2/8192
0|0 |1 Internal clock: @/2048
0|10 Internal clock: @/512
0|1 |1 | Internal clock: @/64
1|/0| 0] Internal clock: @/16
1|0 1] Internal clock: @/4
1|1 |0/ Internal clock: gw/4
11111 External event (TMIC): C
on rising or falling edge
Counter up/down control
0| 0| TCCis an up-counter
0| 1| TCC is a down-counter
1| » | Hardware control of TCC up/down operation by UD pin
UD pin input high: Down-counter
UD pin input low: Up-counter
Auto-reload function select *
0 | Interval timer function selected

1

Auto-reload function selected
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TLC—Timer load register C

Bit

Initial value
Read/Write

424

H'B5
7 6 5 4 3 2 1
‘ TLC7 ‘ TLC6 ‘ TLC5 ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLC1 ‘
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W

Reload value
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Clock select L

0| * |* Counting on external ev
rising/falling edge
1/01]0 Internal clock 2/32
101 Internal clock @/16
1110 Internal clock @/4
1111 Internal clock gw/4
Toggle output level L
0 | Low level
1 | High level
Clock select H
0| * |* 16-bit mode, counting on TCFL
overflow signal
1/0]|0 Internal clock @/32
110 |1 Internal clock #/16
1110 Internal clock g/4
11111 Internal clock gw/4
*: Don't care

Toggle output level H

0

Low level

1

High level
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Counter clear L

0 TCFL clearing by compare match is disabled

1 TCFL clearing by compare match is enabled

Timer overflow interrupt enable L

0 TCFL overflow interrupt request is disabled

1 TCFL overflow interrupt request is enabled

Compare match flag L

0 Clearing conditions:
After reading CMFL = 1, cleared by writing 0 to CMFL

1 Setting conditions:
Set when the TCFL value matches the OCRFL value

Timer overflow flag L

0 Clearing conditions:
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:
Set when TCFL overflows from H'FF to H'00

Counter clear H

0 16-bit mode: TCF clearing by compare match is disabled
8-bit mode: TCFH clearing by compare match is disabled

1 16-bit mode: TCF clearing by compare match is enabled
8-bit mode: TCFH clearing by compare match is enabled

Timer overflow interrupt enable H

0 TCFH overflow interrupt request is disabled

1 TCFH overflow interrupt request is enabled

Compare match flag H

0 Clearing conditions:
After reading CMFH = 1, cleared by writing 0 to CMFH

1 Setting conditions:
Set when the TCFH value matches the OCRFH value

Timer overflow flag H

0 Clearing conditions:
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:
Set when TCFH overflows from H'FF to H'00

Note: * Bits 7, 6, 3, and 2 can only be written with 0, for flag clearing.
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TCFL—8-bit timer counter FL H'B9

Bit 7 6 5 4 3 2 1
‘ TCFL7 ‘ TCFL6 ‘ TCFL5 ‘ TCFL4 ‘ TCFL3 ‘ TCFL2 ‘ TCFL1 ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
Count value
OCRFH—OQutput compareregister FH H'BA
Bit 7 6 5 4 3 2 1
‘OCRFH?‘OCRFHG‘OCRFHS‘OCRFH4‘OCRFH3‘OCRFH2‘OCRFHl‘(
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W
OCRFL—Output compare register FL H'BB
Bit 7 6 5 4 3 2 1
‘OCRFL? ‘ OCRFL6 ‘ OCRFLS‘ OCRFL4‘ OCRFL3 ‘ OCRFL2 ‘ OCRFLl‘t
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W
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Counter clear

it T IAl VI At T

Internal clock: counti

Internal clock: counti
Internal clock: coun

PP O]«
PO k|

0

0

TCG clearing is disabled

TCG cleared by falling edge of input capture input si

TCG cleared by rising edge of input capture input si

0
1
1

1
0
1

TCG cleared by both edges of input capture input sic

Input capture interrupt edge select

0

Interrupt generated on rising edge of input capture input signal

1

Interrupt generated on falling edge of input capture input signal

Timer overflow interrupt enable

0 | TCG overflow interrupt request is disabled

1 | TCG overflow interrupt request is enabled

Timer overflow flag L

0| Clearing conditions:
After reading OVFL = 1, cleared by writing 0 to OVFL

1| Setting conditions:
Set when TCG overflows from H'FF to H'00

Timer overflow flag H

0 | Clearing conditions:

After reading OVFH = 1, cleared by writing 0 to OVFH
1| Setting conditions:

Set when TCG overflows from H'FF to H'00

Note: * Bits 7 and 6 can only be written with 0, for flag clearing.
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Bit 7 6 5 4 3 2 1

‘ ICRGR7 ‘ ICRGRG6 ‘ ICRGR5‘ ICRGR4‘ ICRGR3 ‘ ICRGR2 ‘ ICRGRl‘

Initial value 0 0 0 0 0 0 0
Read/Write R R R R R R R
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Bit4 |Bit3 | Bit2| Bit1|Bit0 Function of Pins SEG3; to SEG1
SEGaz; | SEGs | SEGy | SEGy | SEGis | SEGi» | SEGg | SEC
SGX |SGS3|SGS2|SGS1|SGS0| to SEG2o|t0 SEG2s |to SEG21 |to SEGa7|to SEGi3| to SEGg | to SEGs | to SE
0 0 0 0 0 Port Port Port Port Port Port Port Por
0 0 0 1 Port Port Port Port Port Port Port Pol
0 0 1 * SEG SEG Port Port Port Port Port Por
0 1 0 * SEG SEG SEG SEG Port Port Port Por
0 1 1 * SEG SEG SEG SEG SEG SEG Port Por
1 * * * SEG SEG SEG SEG SEG SEG SEG SE(
1 0 0 0 0 Port* Port Port Port Port Port Port Por

* * * * Use prohibited

Note: * SEG32 to SEG29 are external expansion pins.

Bit 4

SGX

Description

0
1

Pins SEG3,to SEG,o*
Pins CL,, CL,, DO, M

(Initial value)

Note: * These pins function as ports when the setting of SGS3 to SGS0 is 0000 or 0001.

Duty select, common function select

Bit 7 | Bit 6 | Bit 5 .
DTS1|DTS0| CMX Duty Cycle |Common Drivers Notes
0 0191 s COMy
1 COM;, to COM; | COM,4 to COM; output the same waveform as COM;
0 1 0 1/2 duts COM; to COM3
1 Y COM, to COM; | COMy outputs the same waveform as COM3 and COM, outputs the same waveform as COMy
1 0 0 /3 dut COMj3 to COM;
1 Y COM, to COM; | COM, outputs a non-selected waveform
1t —‘l’ U4 duty | COMato COM: —
430
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Frame frequency select

Bit3 |Bit2 | Bitl | Bitl op
CKS3 |CKS2 | CKS1|CKS0
0 * 0 0
0 * 0 1
0 * 1 *

1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

Display data control

0 | Blank data is displayed

1| LCD RAM data is displayed

Display function activate

0 | LCD controller/driver operation halted

1 | LCD controller/driver operates

LCD drive power supply on/off control

0

LCD drive power supply off

1

LCD drive power supply on
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Chargel/discharge pulse duty cyc

Bit3 |Bit2 | Bitl | Bitl Duty
CDS3 |CDS2 |CDS1|CDS0
0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 * *

1 1 * *

5V regulator control

0 | 5V regulator halted

1| 5V regulator operates

Applies to the H8/3867 Series

A waveform/B waveform switching control

0

Drive using A waveform

1

Drive using B waveform
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Note:

Channel select

Bit3 | Bit2 | Bitl | BitO

CH3 | CH2 | CH1 | CHO | Analog Input C
0 * * No channel se

1 0 0 ANg

1 AN

1 0 AN>

1 | ANg

0 0 0 |ANg

1 AN5

1 0 ANg

1 AN7

External trigger select

* 1 D

‘ 0 ‘ Disables start of A/D conversion by external trigger

1

Enables start of A/D conversion by rising or falling edg
of external trigger at pin ADTRG

Clock select
Bit 7 Conversion Time
CKS | Conversion Period | g =1MHz | g =2 MHz
0 62/o 62 us 31ps
1 3l/a 31l s 15.5us*

* Operation is not guaranteed with a conversion time of less than 15.5 ps
Select a setting that gives a conversion time of at least 15.5 ps.
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ADRRL

Bit 7

A/D conversion result

6 5 4 3 2 1

CAbRL ADRO | — | — | — | — | —

Initial value Not fixed Not fixed — — — — —

Read/Write R

R — — — — —

A/D conversion result

ADSR—A/D start register H'C7 AL
Bit 7 6 5 4 3 2 1
B e e e
Initial value 0 1 1 1 1 1 1
Read/Write R/W — — — — — —
‘A/ﬁDstatus flag
0 | Read | Indicates completion of A/D conversion
Write | Stops A/D conversion
1 | Read | Indicates A/D conversion in progress
Write | Starts A/D conversion
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|

P1,/TMOFL pin function switc

0

Functions as P11 I/O pin

1

Functions as TMOFL output

P1,/TMOFH pin function switch

0

Functions as P15 I/O pin

1

Functions as TMOFH output pin

P13/TMIG pin function switch

0 | Functions as P13 I/O pin

1| Functions as TMIG input pin

P1,4/IRQ4/ADTRG pin function switch

0 | Functions as P14 I/O pin

1| Functions as IRQ4/ADTRG input pin

P15/IRQ,/TMIC pin function switch

0 | Functions as P15 I/O pin

1 | Functions as IRQ1/TMIC input pin

P1¢/IRQ, pin function switch

0

Functions as P1g I/O pin

1

Functions as IRQ> input pin

P1,/IRQ3/TMIF pin function switch

0

Functions as P17 /O pin

1

Functions as IRQ3/TMIF input pin
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1| Functions as PW

P34,/UD pin function switch

0 | Functions as P31 1/O pin
1 | Functions as UD input pin

P3,/RESO pin function switch

0

Functions as P3; 1/0 pin

1

Functions as RESO 1/O pin

P43/IRQO pin function switch

0

Functions as P43 1/O pin

1

Functions as IRQg input pin

TMIG noise canceler select

0 | Noise cancellation function not used

1 | Noise cancellation function used

Watchdog timer switch

0| #8192

1| sw/4

P3g/AEVH pin function switch

0 | Functions as P3¢ I/O pin

1 | Functions as AEVH input pin

P37/AEVL pin function switch

0

Functions as P37 /O pin

1

Functions as AEVL input pin
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PWCR—PWM control register H'DO

Bit 7 6 5 4 3 2 1
e e e e

Initial value 1 1 1 1 1 1 0

Read/Write — — — — — — W
Clock select

0 | The input clock is /2 (tg* = 2/g)
The conversion period is 16,384/g, with a minimum modulation width o
The input clock is g/4 (tg* = 4/a)
The conversion period is 32,768/g, with a minimum modulation width o

1| The input clock is 9/8 (tg* = 8/2)

The conversion period is 65,536/g, with a minimum modulation width o
The input clock is 9/16 (tg* = 16/2)

The conversion period is 131,072/g, with a minimum modulation width

Note:* tg: Period of PWM input clock
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PWDRL—PWM data register L H'D2 1

Bit 7 6 5 4 3 2 1

‘ PWDRL7 ‘ PWDRL6‘ PWDRL5 ‘ PWDRL4 ‘ PWDRL3 ‘ PWDRL2 ‘ PWDRL1 ‘ P
Initial value 0 0 0 0 0 0 0
Read/Write W W W W W w W

Lower 8 bits of data for generating PWM waveform

PDR1—Port data register 1 H'D4
Bit 7 6 5 4 3 2 1

‘ P1, ‘ Plg ‘ Plg ‘ P1, ‘ P1; ‘ P1, ‘ P1, ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
PDR3—Port dataregister 3 H'D6
Bit 7 6 5 4 3 2 1

‘ P35 ‘ P3g ‘ P35 ‘ P3, ‘ P33 ‘ P3, ‘ P3; ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
PDR4—Port data register 4 H'D7
Bit 7 6 5 4 3 2 1

e e N
Initial value 1 1 1 1 1 0 0
Read/Write — — — — R R/W R/W
438



Bit 7 6 5 4 3 2 1
‘ P6- ‘ P6g ‘ P65 ‘ P6, ‘ P64 ‘ P6, P6,
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
PDR7—Port dataregister 7 H'DA
Bit 7 6 5 4 3 2 1
‘ P7, ‘ P7s ‘ P7s ‘ P7, ‘ P7, ‘ P7, P7,
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
PDR8—Port dataregister 8 H'DB
Bit 7 6 5 4 3 2 1
‘ P8, ‘ P8 ‘ P8s ‘ P8, ‘ P8, ‘ P8, P8,
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
PDRA—Port dataregister A H'DD
Bit 7 6 5 4 3 2 1
B e e Y Y
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W
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Bit 7 6 5 4 3 2 1
‘PUCR17 ‘ PUCRI1g ‘ PUCRI1g ‘ PUCR1, ‘PUCRlS ‘PUCRlZ ‘ PUCR1, ‘P‘

Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
PUCR3—Port pull-up control register 3 H'El
Bit 7 6 5 4 3 2 1

‘ PUCR37‘ PUCR36‘ PUCR3g ‘ PUCRS3, ‘ PUCR3, ‘PUCRSZ ‘ PUCRS3, ‘ P
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
PUCR5—Port pull-up control register 5 H'E2
Bit 7 6 5 4 3 2 1

‘ PUCR57‘ PUCR56‘ PUCRS5g ‘ PUCR5, ‘ PUCR54 ‘PUCRSZ ‘ PUCR5, ‘ P
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
PUCR6—Port pull-up control register 6 H'E3
Bit 7 6 5 4 3 2 1

‘ PUCR67‘ PUCR66‘ PUCRG6g ‘ PUCRG6, ‘ PUCRG64 ‘PUCRGZ ‘ PUCRG6, ‘ P
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
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\ i i Qutput pin

L |

PCR3—Port control register 3 H'E6
Bit 7 6 5 4 3 2 1

‘ PCR3, ‘ PCR3g ‘ PCR3; ‘ PCR3, ‘ PCR33 ‘ PCR3, ‘ PCR3; ‘
Initial value 0 0 0 0 0 0 0
Read/Write W W w W W w W

Port 3 input/output select

0 | Input pin
1| Output pin
PCR4—Port control register 4 H'E7
Bit 7 6 5 4 3 2 1
= [ = [ = = [~ [eon[ons]
Initial value 1 1 1 1 1 0 0
Read/Write — — — — — w w

Port 4 input/output se
0 | Input pin
1| Output pin
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\ i i 6utput pin

PCR6—Port control register 6 H'E9
Bit 7 6 5 4 3 2 1

‘ PCR6, ‘ PCRGG‘ PCR65‘ PCR6 4 ‘ PCR6 4 ‘ PCR6 , ‘ PCR6 ; ‘ F
Initial value 0 0 0 0 0 0 0
Read/Write W W W w W w w

Port 6 input/output select

0 | Input pin
1 | Output pin
PCR7—Port control register 7 H'EA
Bit 7 6 5 4 3 2 1
‘ PCR7; ‘ PCR7g ‘ PCR7s ‘ PCR7, ‘ PCR7, ‘ PCR7, ‘ PCR7, ‘ F
Initial value 0 0 0 0 0 0 0
Read/Write W W W \W w W W

Port 7 input/output select
0 | Input pin
1 | Output pin
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—t

\ 1 \ Qutput pin

PCRA—Port control register A H'ED
Bit 7 6 5 4 3 2 1

‘ — ‘ — ‘ — ‘ — ‘ PCRA, ‘ PCRA, ‘ PCRAl‘
Initial value 0 0 0 0 0 0 0
Read/Write — —

— — R/W R/W R/W
|
Port A input/output select
0 | Input pin
1| Output pin
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mode CIOCK seleC

0|0 | gosc/16
1| Fosc/32

1|0 | Bosc/64
1 | Bosc/128

Low speed on flag

0 | The CPU operates on the system cl

1| The CPU operates on the subclock

Standby timer select 2to 0

0|0 | 0| Waittime = 8,192 states
1| Wait time = 16,384 states
1| 0| Wait time = 32,768 states
1 | Wait time = 65,536 states
1|0 |0 | Wait time = 131,072 states
1 | Wait time = 2 states
1|0 | Wait time = 8 states
1 | Wait time = 16 states

Software standby

0

3

When a SLEEP instruction is executed in active mode, a transit

made to sleep mode

When a SLEEP instruction is executed in subactive mode, a tra
is made to subsleep mode

When a SLEEP instruction is executed in active mode, a transit
made to standby mode or watch mode

When a SLEEP instruction is executed in subactive mode, a tra
is made to watch mode
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|
Subactive mode clock select
00| o\/8
1| ayl/a
1% |awl2

Medium speed on flag

*: Don't ca
0 | Operates in active (high-speed) mode
1 | Operates in active (medium-speed) mode

Direct transfer on flag

0 | « When a SLEEP instruction is executed in active mode, a transition is
made to standby mode, watch mode, or sleep mode
When a SLEEP instruction is executed in subactive mode, a transition is
made to watch mode or subsleep mode

1 When a SLEEP instruction is executed in active (high-speed) mode, a dire

transition is made to active (medium-speed) mode if SSBY = 0, MSON =1
LSON =0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

When a SLEEP instruction is executed in active (medium-speed) mode, a
transition is made to active (high-speed) mode if SSBY = 0, MSON =0, an
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

When a SLEEP instruction is executed in subactive mode, a direct
transition is made to active (high-speed) mode if SSBY =1, TMA3 = 1, LS(
and MSON = 0, or to active (medium-speed) mode if SSBY =1, TMA3 =1
LSON=0,and MSON =1

Noise elimination sampling frequency select

0

Sampling rate is @osc/16

1

Sampling rate is gosc/4
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IRQq edge select
0 | Falling edge of IRQq pin input is d
1 | Rising edge of IRQq pin input is dx

IRQ; edge select
0 | Falling edge of IRQq, TMIC pin input is dete
1 | Rising edge of IRQq, TMIC pin input is detec

IRQ, edge select
0 | Falling edge of IRQ, pin input is detected
1 | Rising edge of IRQ, pin input is detected

W?ag, edge select

0

Falling edge of IRQ3, TMIF pin input is detected

1

Rising edge of IRQ3, TMIF pin input is detected

IRQ, edge select

0

Falling edge of IRQ,4 pin and ADTRG pin is detected

1

3. Rising edge of IRQ,4 pin and ADTRG pin is detected
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IRQ,4 to IRQq interrupt enable

0

Disables IRQ, to IRQg interrupt reque

1

Enables IRQ,4 to IRQq interrupt reque

Wakeup interrupt enable

0 | Disables WKP- to WKPy interrupt requests

1 | Enables WKP5; to WKPg interrupt requests

Timer A interrupt enable

0

Disables timer A interrupt requests

1

Enables timer A interrupt requests

RENESAS



4 | ElHalICo asylivhiulnivus ©velit

interrupt requests

Timer C interrupt enable

0 | Disables timer C interrupt requests
Enables timer C interrupt requests

=

Timer FL interrupt enable

o

Disables timer FL interrupt requests
Enables timer FL interrupt requests

=

Timer FH interrupt enable

0 | Disables timer FH interrupt requests
Enables timer FH interrupt requests

=

Timer G interrupt enable

o

Disables timer G interrupt requests
Enables timer G interrupt requests

[

A/D converter interrupt enable

o

Disables A/D converter interrupt requests
Enables A/D converter interrupt requests

=

Direct transition interrupt enable

0 | Disables direct transition interrupt requests
Enables direct transition interrupt requests

=
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0 | Clearing conditions:

When IRRIn =1, it is cleared by writing

1 | Setting conditions:

When pin IRQn is designated for interr
input and the designated signal edge is

Timer A interrupt request flag

0 | Clearing conditions:
When IRRTA = 1, it is cleared by writing O

1| Setting conditions:
When the timer A counter value overflows (rom H'FF to H'00)

Note: * Bits 7 and 4 to 0 can only be written with 0, for flag clearing.

RENESAS

(r



Tim

Asynchronous event counter interrupt request flag

0 | Clearing conditions:
When IRREC = 1, it is cleared by writing O

1 | Setting conditions:
When the asynchronous event counter value overflows

er Cinterrupt request flag

0

Clearing conditions:
When IRRTC =1, it is cleared by writing O

Setting conditions:
When the timer C counter value overflows
(from H'FF to H'00) or underflows (from H'00 to H'FF)

Timer FL interrupt request flag

0 | Clearing conditions:
When IRRTFL = 1, it is cleared by writing 0

1| Setting conditions:
When counter FL and output compare register FL
match in 8-bit timer mode

Timer FH interrupt rel

quest flag

0 | Clearing condition:

When IRRTFH =1, it is cleared by writing 0

S:

When counter FH

1 | Setting conditions:

in 8-bit timer mode, or when 16-bit counters FL and FH
and output compare registers FL and FH match in 16-bit timer mode

and output compare register FH match

Timer G interrupt request flag

0 | Clearing conditions:

When IRRTG = 1, it is cleared by writing 0

1| Setting conditions:

When the TMIG pin is designated for TMIG input and
the designated signal edge is input

A/D converter interrupt request flag

0 | Clearing conditions:
When IRRAD = 1, it is cleared by writing O

1 | Setting conditions:

ADSF is reset

When the A/D converter completes conversion and

Direct transition interrupt request flag

0 | Clearing conditions:
When IRRDT =1, it is cleared by writing O

[

Setting conditions:
When a SLEEP instruction is executed while DTON is
set to 1, and a direct transition is made

Note: * Bits 7, 6 and 4 to O can only be written with 0, for flag clearing.
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0 | Clearing conditions:
When IWPFn = 1, it is cleared by writing 0

1| Setting conditions:
When pin WKPn is designated for wakeup input an
falling edge is input at that pin

(n

Note: * All bits can only be written with 0O, for flag clearing.
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SC

Ti
0 | Timer A is set to module standby n

mer A module standby mode cont

1| Timer A module standby mode is ¢

Timer C module standby mode control

0

Timer C is set to module standby mode

1

Timer C module standby mode is cleared

Timer F module standby mode control

0 | Timer F is set to module standby mode

1| Timer F module standby mode is cleared

Timer G interrupt enable

0 | Timer G is set to module standby mode

1| Timer G module standby mode is cleared

A/D converter module standby mode control

0

A/D converter is set to module standby mode

1

A/D converter module standby mode is cleared

I13-2 module standby mode control

0

SCI3-2 is set to module standby mode

1

SCI3-2 module standby mode is cleared

SCI3-1 module standby mode control

0

SCI3-1 is set to module standby mode

1

SCI3-1 module standby mode is cleared

452

RENESAS



LCD module standby mode contro
0 | LCD is set to module standby m
1 | LCD module standby mode is cl

PWM module standby mode control

0 | PWM is set to module standby mode

1 | pPWM module standby mode is cleared

WDT module standby mode control

0 | WDT is set to module standby mode

1 | WDT module standby mode is cleared

Asynchronous event counter module standby mode contro

0

Asynchronous event counter is set to module standby mode

1

Asynchronous event counter module standby mode is clear
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P Yivin |

[o—( ( PMR1, fe—
I
Pl o PDRI, [~
VSS A PCRln D —
l/
PDR1: Port data register 1
PCR1: Port control register 1
PMR1: Port mode register 1
PUCRZ1: Port pull-up control register 1
n=7to4
FigureC.1(a) Port 1 Block Diagram (Pins P17 to Ply)
454
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+— PCRlg f«——

Vss

—

FigureC.1(b) Port 1 Block Diagram (Pin P13)

Gc PUCR1,

Vee
Vee {&

o— (| | PMR1, P
o
' 2
©
P1, PDR1, E
@
= 2

Ves | PCR1,

I/

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCRZ1: Port pull-up control register 1

n=2,1

FigureC.1(c) Port 1 Block Diagram (Pin P1,, P1;)
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Plg i—L

Vss

o{} PDR1,

+— PCR1,

PDR1: Port data register 1

PCR1: Port control register 1

PMR1: Port mode register 1
PUCRZ1: Port pull-up control register 1

Irntarmal Aot~

FigureC.1(d) Port 1 Block Diagram (Pin P1p)
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P3, ’—L

Vss

PDR3,

|

PCR3,

PDR3: Port data register 3

PCR3:  Port control register 3
PMR3: Port mode register 3
PUCRS: Port pull-up control register 3
n=7to 6

Internal de

FigureC.2 (a)

Port 3 Block Diagram (Pin P37 to P3g)
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PDR3,
t—  PCR3;

VSS
L

PDR3: Port data register 3
PCRS3: Port control register 3

Internal data bus
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FigureC.2 (b) Port 3 Block Diagram (Pin P3sg)
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PDR3,
— PCR3,

Vss
L

PDR3: Port data register 3
PCR3: Port control register 3

SCINVO

Internal data bus

D

FigureC.2 (c) Port 3 Block Diagram (Pin P3,)
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P33 Mﬁ

PDR3,

PCR3,

PDR3: Port data register 3
PCR3: Port control register 3

Internal data bus

460
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FigureC.2 (d) Port 3 Block Diagram (Pin P33)




VSS

>—

PCR3,

PDR3: Port data register 3

PCR3: Port control register 3

PMR3: Port mode register 3

PUCR3: Port pull-up control register 3

FigureC.2 (e) Port 3 Block Diagram (Pin P3,)
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—| PCR3; [«—

Vss

PDR3: Port data register 3

PCR3: Port control register 3

PMR3: Port mode register 3
PUCR3: Port pull-up control register 3

FigureC.2 (f) Port 3 Block Diagram (Pin P3y)

462
RENESAS



Vss t— PCR3,

PDR3: Port data register 3

PCR3: Port control register 3

PMR3: Port mode register 3

PUCR3: Port pull-up control register 3

FigureC.2(g) Port 3 Block Diagram (Pin P3g)
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P4, D

W4

Internal d

PMR4: Port mode register 4

464

FigureC.3(a) Port 4 Block Diagram (Pin P43)
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PDR4,
— PCR4:

VSS
L

PDR4: Port data register 4
PCRA4: Port control register 4

Internal data bus

FigureC.3(b) Port 4 Block Diagram (Pin P4,)

RENESAS




——DT—D

PDR4,
— PCR4; [«
VSS
L

Internal data bus

PDR4: Port data register 4
PCR4: Port control register 4

SCINV2
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FigureC.3(c) Port 4 Block Diagram (Pin P44)
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T

PDR4,

PCR4,

PDR4: Port data register 4
PCRA4: Port control register 4

Internal data bus

FigureC.3(d) Port 4 Block Diagram (Pin P4g)
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P5, ’—L

PDR5,

t— PCRS5,

PDRS5: Port data register 5

PCRS: Port control register 5

PMRS5: Port mode register 5

PUCRS: Port pull-up control register 5
n=7t0

FigureC.4 Port 5 Block Diagram
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b__J l—C |
=

—

PCRS,

PDR6: Port data register 6

PCRG6: Port control register 6

PUCR®6: Port pull-up control register 6
n=7t0

FigureC.5 Port 6 Block Diagram
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—C 1 R
PCR7, [
——1
VSS
L~

PDR7: Port data register 7
PCRY7: Port control register 7
n=7t0

FigureC.6 Port 7 Block Diagram
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|0—u —
. PCRS,
—C 1 g

PDRS: Port data register 8
PCRS: Port control register 8
n=7to0

FigureC.7 Port 8 Block Diagram
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— PCRA,

PDRA: Port data register A
PCRA: Port control register A
n=3to0

FigureC.8 Port A Block Diagram
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PB, D

DEC

n=7t 0

P
e

FigureC.9 Port B Block Diagram
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A ¥} mniipgeaat i mniipgeaat i

P45 to High Retained Retained High Retained  Functions

P4, impedance impedance

P5;to High Retained Retained High Retained  Functions
P5g impedance impedance™

P6;to High Retained Retained High Retained  Functions
P6q impedance impedance

P7;to High Retained Retained High Retained  Functions
P7q impedance impedance

P8;to High Retained Retained High Retained  Functions
P8q impedance impedance

PAsto High Retained Retained High Retained  Functions
PAg impedance impedance

PB;to High High High High High High

PBy impedance impedance impedance impedance impedance impedance |

Notes: 1. High level output when MOS pull-up is in on state.
2. P35 is Functions
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HD6433862W HD6433862(***)W  80-pin TQFF

H8/3863 Mask ROM HD6433863H HD6433863(***)H  80-pin QFP
versions HD6433863F HD6433863(***)F  80-pin QFP
HD6433863W HD6433863(***)W  80-pin TQFF

H8/3864 Mask ROM HD6433864H HD6433864(***)H  80-pin QFP
versions HD6433864F HD6433864(***)F  80-pin QFP
HD6433864W HD6433864(***)W  80-pin TQFF

H8/3865 Mask ROM HD6433865H HD6433865(***)H  80-pin QFP
versions HD6433865F HD6433865(***)F  80-pin QFP
HD6433865W HD6433865(***)W  80-pin TQFF

H8/3866 Mask ROM HD6433866H HD6433866(***)H  80-pin QFP
versions HD6433866F HD6433866(***)F  80-pin QFP
HD6433866W HD6433866(***)W  80-pin TQFF

H8/3867 Mask ROM HD6433867H HD6433867(***)H  80-pin QFP
versions HD6433867F HD6433867(***)F  80-pin QFP
HD6433867W HD6433867(***)W  80-pin TQFF

ZTAT HD6473867H HD6473867H 80-pin QFP

versions HD6473867F HD6473867F 80-pin QFP
HD6473867W HD6473867W 80-pin TQFF

Note:

For mask ROM versions, (***) is the ROM code.

RENESAS



versions Apo4aso00c0m FADoB4assoso(" "7 ) oU-pin Yrr (i
HD6433823W  HD6433823(***)W  80-pin TQFP

H8/3824 Mask ROM HD6433824H HD6433824(***)H  80-pin QFP (i
versions  HD6433824F  HD6433824(***)F  80-pin QFP (i
HD6433824W  HD6433824(***)W  80-pin TQFP

H8/3825 Mask ROM HD6433825H HD6433825(***)H  80-pin QFP (i
versions  HD6433825F  HD6433825(***)F  80-pin QFP (i
HD6433825W  HD6433825(***)W  80-pin TQFP

H8/3826 Mask ROM HD6433826H HD6433826(***)H  80-pin QFP (i
versions  HD6433826F HD6433826(***)F  80-pin QFP (i
HD6433826W  HD6433826(***)W  80-pin TQFP

H8/3827 Mask ROM HD6433827H HD6433827(***)H  80-pin QFP (i
versions  HD6433827F  HD6433827(***)F  80-pin QFP (i
HD6433827W  HD6433827(***)W  80-pin TQFP

ZTAT HD6473827H  HD6473827H 80-pin QFP (i

versions ~ HD6473827F  HD6473827F 80-pin QFP (I
HD6473827W  HD6473827W 80-pin TQFP

Note:
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For mask ROM versions, (***) is the ROM code.
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© Hitachi Code FP-80A
JEDEC —
*Dimension including the plating thickness EIAJ Conform
Base material dimension Weight (reference value)| 1.2 g

FigureF.1 FP-80A Package Dimensions
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FigureF.2 FP-80B Package Dimensions
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