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Keep safety first in your circuit designs!

. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

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

. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

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

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

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

. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pinsto high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of interna circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have a reset function, reset the LS| immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

* CPU and System-Control Modules

e On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

o 0k~ wbdPE

When designing an application system that includes this L SI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)
Product code, Package dimensions, etc.

Thelist of revisionsis asummary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index

Rev. 3.00 Jul. 14, 2005 Page v of xlviii
RENESAS



Preface

This H8S/2114R Group is a series of microcomputers (MCUs) made up of the H8S/2000 CPU
with Renesas Technology’ s original architecture as its core, and the peripheral functions required
to configure a system.

The H85/2000 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and a
simple and optimized instruction set for high-speed operation. The H8S/2000 CPU can handle a
16-Mbyte linear address space. The instruction set of the H85/2000 CPU maintains upward
compatibility at the object level with the H8/300 and H8/300H CPUs. This allows the transition
from the H8/300, H8/300L., or H8/300H to the H8S/2000 CPU.

This LSl is equipped with ROM, RAM, two kinds of PWM timers (PWM and PWMX), a 16-hit
free running timer (FRT), a 16-bit timer pulse unit (TPU), 8-bit timers (TMR), watchdog timer
(WDT), serial communication interface (SCI), I°C bus interface (11C), aLPC interface (LPC), a
keyboard buffer control units (KBU), an A/D converter, and 1/0 ports as on-chip peripheral
modules required for system configuration.

A datatransfer controller (DTC) and LPC interface (LPC) are included as bus masters.

A flash memory (F-ZTAT™*) isavailable for thisLSI’s 1 Mbyte ROM. The CPU and ROM are
connected to a 16-hit bus, enabling byte data and word data to be accessed in asingle state. This
improves the instruction fetch and process speeds.

Note: * F-ZTAT™ isatrademark of Renesas Technology. Corp.

Target Users.  This manual was written for users who use the H8S5/2114R in the design of
application systems. Target users are expected to understand the fundamental s of
electrical circuits, logic circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2114R Group to the target users.
Refer to the H8S/2600 Series, H85/2000 Series Programming Manual for a
detailed description of the instruction set.

Notes on reading this manual:

e |norder to understand the overall functions of the chip
Read this manual in the order of the table of contents. This manual can be roughly categorized
into the descriptions on the CPU, system control functions, peripheral functions and electrical
characteristics.
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¢ |norder to understand the details of the CPU's functions

Read the H8S/2600 Series, H8S/2000 Series Programming Manual.

e Inorder to understand the detailed function of aregister whose name is known

Read the index that is the final part of the manual to find the page number of the entry on the

register. The addresses, bits, and initial values of the registers are summarized in section 25,

List of Registers.

Rules: Register name: The following notation is used for cases when the same or a
similar function, e.g., serial communication interface, is
implemented on more than one channel:

XXX_N (XXX istheregister name and N is the channel
number)
Bit order: The MSB is on the left and the LSB is on the right.
Number notation:  Binary is B’ xxxx, hexadecimal is H'xxxx, decimal is Xxxx.
Signal notation: An overbar is added to alow-active signal: xxxx

Related Manuas:  Thelatest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/

H85/2114R Group manuals:

Document Title Document No.
H8S/2114R Group Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual REJ09B0139

User's manuals for development tools:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor REJ10B0058
User's Manual

Microcomputer Development Environment System H8S, H8/300 Series ADE-702-282
Simulator/Debugger User's Manual

H8S, H8/300 Series High-performance Embedded Workshop 3 Tutorial REJ10B0024
H8S, H8/300 Series High-performance Embedded Workshop 3 User's REJ10B0026
Manual
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Main Revisions and Additions in this Edition

Item Page Revisions (See Manual for Details)

All pages — Suffix R is added to group name and product code.
e H8S/2114 Group— H8S/2114R Group
e R4F2114 - R4F2114R

Appendix 977 Replaced.

C. Package Dimensions

Figure C.1 Package
Dimensions (TFP-144)
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Section 1 Overview

Section 1l Overview

11 Overview

16-bit high-speed H8S/2000 CPU

Upward-compatible with the H8/300 and H8/300H CPUs on an object level
Sixteen 16-bit general registers

65 basic instructions

Various peripheral functions

Datatransfer controller (DTC)

8-hit PWM timer (PWM)

14-bit PWM timer (PWMX)

16-hit timer pulse unit (TPU)

16-bit free-running timer (FRT)

8-hit timer (TMR)

Watchdog timer (WDT)

Asynchronous or clocked synchronous serial communication interface (SCI)
I°C bus interface (11C)

Keyboard buffer control unit (KBU)

LPC interface (LPC)

10-bit A/D converter

Boundary scan (JTAG)

Clock pulse generator

On-chip memory

ROM Type Model ROM RAM Remarks
Flash memory R4F2114R 1 Mbyte 8 kbytes Being
version developed

General 1/O ports

I/0 pins: 106

Input-only pins: 13

Supports various power-down states
Compact package
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Section 1 Overview

Package Code Body Size Pin Pitch

TQFP-144 TFP-144 16.0 x 16.0 mm 0.4 mm
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Section 1 Overview

12

Internal Block Diagram

- ~— PAO/KING
VCC ——— ~— PA1/KIN9
VCC ——» ~— PA2/KINTO/PS2AC
VCL ———» < | < PA3/KINT1/PS2AD
VSS — » - o B 5 | <> PA4/KINTZ/IPS2BC
VSS —— » Clock pulse Hes/2000cPU =515 | & & | < PAS/KINT3/PS2BD
VSS ——» generator e, o | o < PAB/KINT4/PS2CC
VSS ——» s S ~<— PA7/KINT5/PS2CD
VS§ ——— L g s B —
— bTC : 5l = ~— P20/PW8
X1 ——— - o 89 <> P21/PW9
R — oM =L o | = P22Pwi0
RES — Ol »E ) & | <> P2apwit
XTAL (flash memory) K & | = P24pW12
EXTAL ——» KJ [ | <> P2sPwia
|| <> P26/PW14
MD2 ——— LPC < P27/PW15
MD1 —— L — —
MDO > — = <> P10
FWE ——— = RAM - P11
NM| ——— K - | <> P12
STBY —» L L g 5| <> P13
RESO <+ —\_—_\ “—,l Q! a | - P14
ETRST ——> N s 2 18 > P15
PEO/LID - Intarrupt a |2 <> P16
0/LID3 — controller 2]
PE1*/ETCK o9 P o Ld=—> P17
PE2*/ETDI Sk ] < P30/LADO
PE3*/ETDO m — pup. ~— P31/LAD1
PE4*/ETMS s ' M 5| | = Peerap2
— 16-bit FRT WDT x 2 channels e ¢ | <> P33LAD3
P90 /IRQ2/ADTRG 1 ] € | = Pa4/FRAME
Po1/RQT ~—> P35/LRESET
P92/[RQ0 - K ~— P36/LCLK
P93/RQ12 g |- || < P37/SERIRQ
P94/IRQT3 — - - —
PO5IRQTA © — < 8-bit timer KBU x 3 channels 9 5 ~—> PBO/WUEO/LSMI
< x 4 channels KD — ~— PB1/WUET/LSCI
P96/0/EXCL - PB2/WUE2
P97/IRQ15/SDAO - K] [ @ | <= PB3/WUE3/DLFRAVE
PEO/KINO/FTCI/TMIX & | = PB4/WUE4/DLADS
e ~—» PB5/WUE5/DLAD2
P61/KINT/FTOA L — <> PB6/WUE6/DLADA
P62/KIN2/FTIA/TMIY - — =] sclx 2 channels Sbit PWM <9 = PB7/WUE7/DLADO

PE3/KINS/FTIB S Bl [ rax 1 channel) -bi K L~

P64/KIN4/FTIC > [ [ ]

P65/KING/FTID — —] o | = Ps0EXEXCL
P66/RQ6/KING/FTOB k1 D) £ | < Ps1mMOY
P67/IRQ7/KIN7/TMOX || L Ly & | < Ps2/ExIRQE/SCLO

P40/TMCIO/TXD2/DSERIRQ 1 I3  1icx 2 channels woitPwm ]|
P41/TMOO/RxD2/DCLKRUN x2channels [ | < PDO/TIOCAO
P42/ExIRQ7/TMRIO/SCK2/SDA1 3K B - PD1/TIOCBO
P43/TMCI1 3 | o | < Pp2rmoccorcLka
P44/TMO1 K L — < | < PD3/TIOCDO/TCLKB
P45/TMRIA . 10-bit A/D converter k1 ] € | <+ Ppamiocat
P46/PWX0 - ~— PDS5/TIOCB1/TCLKC
P47/PWX1 L ~—= PD6/TIOCA2
P8O/PME — ] = | | < Po7miocB2TCLKD
P81/GA20 (of  Boundary scan TPU x 3 channels ™1 | [ ]=— pFoircs
P82/CLKRUN o (JTAG) K>
82/C ol —| | =< PF1iRQ9
P83/LPCPD K9 P < PF2/RQ10
P84/IRQ3/TXD1/IFTxD K 2] s | <> PFaiRQTTEXTMOX
P85/[RQ4/RxD1/IrRXD 8 8l Y S | <> PF4/ExPW12
P86/RQ5/SCK1/SCL1 & | < PFsEXPWI3
— gy Uy Uy <> PF6/EXPW14
< PF7/EXPW15
I Port7 " Port G " PortC I —
\ \ T [eXoXeXoXeoXoXe)
Jdasdidd 4428698 dguegnay
222 SrOooodd oooooosn 35335333
BO3 Z Z X XIXIXIXIX] Xx|x|x|x|x|x x| Cc|c|c|c|c|c|c|c
"o “0333838 3| 3| 3| T 3| 3| 3| 3| M| mjm ) m o
SReR 28 LRRLRL 8 alalwnf={o
533333 glelehzolmg 95
528822 pooonoxx 63
nnunndd Z IO
OQUOUZE33 O
e TIX=S

Note: * Not supported by the system development tool (emulator).

Figure1l.1 H8S/2114R Group Internal Block Diagram
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Section 1 Overview

13 Pin Description

131 Pin Arrangement
X m <
g g g 2 -
= <E 2
33 FF999§00 <
ora®msw ﬁmaagga‘g EEEEEEEE g
OO -~ = O |16 IFD NS ~ o X
22zzzzz: 3#333333 PPFFFFFF ek
tzaazaoa iEEEEEEEE ELRRRREE;gz2d
oxoor N IRIR8NE35833885858833358359KRR
oooO0o0QO0OQO0OQO0QO0OQA>00000O0O0QA>S0o0000a0a <o 0
HiEiEIRIRimiEIniRimininimimininimimIIninininininininininininininininin
708107106 105104103102101100 99 98 97 96 95 94 93 92 91 90 89 88 87 8685 84 83 82 8180 79 78 77 76 75 74 73
P12 []109 72
P11 []110 -
vss [J111 70
P10 []112 69
PB7/WUE7/DLADO 68
PB6/WUEG/DLAD1 67
PB5/WUES5/DLAD2 66
PB4/WUE4/DLAD3 65
PB3/WUES/DLFRAME 64
PB2/WUE2 63
PB1/WUE1/LSCI 62
PBO/WUEO/LSMI 61
P30/LADO 60
P31/LAD1 59
P32/LAD2 58
P33/LAD3 57
P34/LFRAME 56
P35/LRESET TFP-144 55
P36/LCLK ; 54
P37/SERIRQ (Top View) 53
P8O/PME 52
P81/GA20 51
P82/CLKRUN 50
P83/LPCPD 49
P84/IRQ3/TXD1/IrTXD 48
P85/IRQ4/RxD1/IrRxD 47
P86/IRQ5/SCK1/SCL1 46
P40/TMCIO/TXD2/DSERIRQ 45
P41/TMOO/RxD2/DCLKRUN 44
P42/EXIRQ7/TMRIO/SCK2/SDA1 43
VSS 42
X1 41
X2 40
RESO 39
XTAL 38
EXTAL 37
2 34567 8 910111213141516 1718192021 222324 2526 27 2829 3031 3233 34 35 36
NN NN NN .. LUUoo L
:,_:o,_u,w.—o—>-_|o>-_|o_|§g35\1_Ov—oNLul—U)oameODO
S IR T E
EEELL ? QEHOLEECES=R ThuuuspPeR
I HON gnupsSwvsgsoo Q&NLNE#E
faifad x&g'ogmgma SREneRER
g eE" £ AR 11

Note: * Not supported by the system development tool (emulator).

] P74/EXIRQ4/AN4

[ P73/EXIRQ3/AN3

] P72/EXIRQ2/AN2

] P71/EXIRQT/AN1

[ P70/EXIRQO/ANO

[ Avss

] PDO/TIOCAO

] PD1/TIOCBO

[ PD2/TIOCCO/TCLKA

[ PD3/TIOCDO/TCLKB

[ PD4/TIOCA1

[ PD5/TIOCB1/TCLKC

[J PD6/TIOCA2

[ PD7/TIOCB2/TCLKD

[ ] PGO/EXIRQB/EXTMCIO
[] PG1/EXIRQ9/EXTMCI1
] PG2/EXIRQ10/EXTMIX
[] PG3/EXIRQTT/EXTMIY
[ PG4/EXIRQT2/EXSDAA
] PGS/EXIRQT3/EXSCLA
[ PG6/EXIRQT4/EXSDAB
[ PG7/EXIRQT5/EXSCLB
[ ] PFO/IRQ8

[ PF1/IRQ9

] PF2/IRQ10

[] PF3/RQT1/EXTMOX

[ PF4/EXPW12

) PF5/EXPW13

] PF6/EXPW14

[ PF7/EXPW15

[ vss

[ PAO/KING

[ PA1/KING

[ PA2/KINTO/PS2AC
[] PA3/KINTT/PS2AD
[ PA4/KINT2/PS2BC

Figurel.2 H8S/2114R Group Pin Arrangement (TFP-144)
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Section 1 Overview

132 Pin Arrangement in Each Operating M ode
Table1.1 HB8S/2114R Group Pin Arrangement in Each Operating M ode
Pin No. Pin Name
Single-Chip Mode
TFP-144 Mode 2 and Mode 3 (EXPE = 0) Flash Memory Programmer Mode
1 VCC VCC
2 P43/TMCI1 NC
3 P44/TMO1 NC
4 P45/TMRI1 NC
5 P46/PWX0 NC
6 P47/PWX1 NC
7 VSS VSS
8 RES RES
9 MD1 VSS
10 MDO VSS
11 NMI FA9
12 STBY VCC
13 VCL VCL
14 (N) P52/ExIRQ6/SCLO FA18
15 P51/TMOY FA17
16 P50/ExEXCL FA19
17 (N) P97/IRQ15/SDA0 vCcC
18 P96/¢/EXCL NC
19 P95/IRQ14 FA16
20 P94/IRQ13 FA15
21 P93/IRQ12 WE
22 P92/IRQ0O VSS
23 P91/IRQT VCC
24 P90/IRQ2/ADTRG VCC
25 MD2 VSS
26 FWE FWE
27 ETRST RES
Rev. 3.00 Jul. 14, 2005 Page 5 of 986
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Section 1 Overview

Pin No. Pin Name
Single-Chip Mode
TFP-144 Mode 2 and Mode 3 (EXPE = 0) Flash Memory Programmer Mode
28 PE4*/ETMS NC
29 PE3*/ETDO NC
30 PE2*/ETDI NC
31 PE1*/ETCK NC
32 PEO/LID3 NC
33 (N) PA7/KIN15/PS2CD NC
34 (N) PAB/KIN14/PS2CC NC
35 (N) PA5/KIN13/PS2BD NC
36 vCcC vCcC
37 (N) PA4/KIN12/PS2BC NC
38 (N) PA3/KINT1/PS2AD NC
39 (N) PA2/KIN10/PS2AC NC
40 (N) PA1/KIN9 NC
41 (N) PAO/KINS NC
42 VSS VSS
43 PF7/ExPW15 NC
44 PF6/ExPW14 NC
45 PF5/ExPW13 NC
46 PF4/ExPW12 NC
47 PF3/1RQ11/EXTMOX NC
48 PF2/IRQ10 NC
49 PF1/IRQ9 NC
50 PFO/IRQ8 NC
51 (N) PG7/EXIRQ15/ExSCLB NC
52 (N) PG6/ExIRQ14/ExSDAB NC
53 (N) PG5/ExIRQ13/ExSCLA NC
54 (N) PG4/ExIRQ12/ExSDAA NC
55 (N) PG3/EXIRQ11/EXTMIY NC
56 (N) PG2/EXIRQT0/EXTMIX NC
57 (N) PG1/EXIRQ9/EXTMCIA NC

Rev. 3.00 Jul. 14, 2005 Page 6 of 986
REJ09B0098-0300 RENESAS



Section 1 Overview

Pin No. Pin Name
Single-Chip Mode
TFP-144 Mode 2 and Mode 3 (EXPE = 0) Flash Memory Programmer Mode
58 (N) PGO/ExIRQ8/ExTMCIO NC
59 PD7/TIOCB2/TCLKD NC
60 PD6/TIOCA2 NC
61 PD5/TIOCB1/TCLKC NC
62 PD4/TIOCA1 NC
63 PD3/TIOCDO/TCLKB NC
64 PD2/TIOCCO/TCLKA NC
65 PD1/TIOCBO NC
66 PDO/TIOCAO NC
67 AVSS VSS
68 P70/ExIRQO/ANO NC
69 P71/ExIRQ1/AN1 NC
70 P72/ExIRQ2/AN2 NC
71 P73/ExIRQ3/AN3 NC
72 P74/ExIRQ4/AN4 NC
73 P75/ExIRQ5/AN5 NC
74 P76/AN6 NC
75 P77/AN7 NC
76 AVCC VCC
77 AVref VCC
78 P60/FTCI/KINO/TMIX NC
79 P61/FTOA/KINT NC
80 P62/FTIA/KIN2/TMIY NC
81 P63/FTIB/KIN3 NC
82 P64/FTIC/KIN4 NC
83 P65/FTID/KINS NC
84 P66/IRQ6/FTOB/KING NC
85 P67/IRQ7/TMOX/KIN7 VSS
86 vCC VCC
87 PC7/WUE15/DLDRQ NC
Rev. 3.00 Jul. 14, 2005 Page 7 of 986
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Pin No. Pin Name
Single-Chip Mode
TFP-144 Mode 2 and Mode 3 (EXPE = 0) Flash Memory Programmer Mode
88 PC6/WUE14/LDRQ NC
89 PC5/WUE13 NC
90 PC4/WUE12 NC
91 PC3/WUET11 NC
92 PC2/WUE10 NC
93 PC1/WUE9 NC
94 PCO/WUES8 NC
95 VSS VSS
96 P27/PW15 CE
97 P26/PW14 FA14
98 P25/PW13 FA13
99 P24/PW12 FA12
100 P23/PW11 FA11
101 P22/PW10 FA10
102 P21/PW9 OE
103 P20/PW8 FA8
104 P17 FA7
105 P16 FA6
106 P15 FA5
107 P14 FA4
108 P13 FA3
109 P12 FA2
110 P11 FA1
111 VSS VSS
112 P10 FAO
113 PB7/WUE7/DLADO NC
114 PB6/WUEG/DLAD1 NC
115 PB5/WUE5/DLAD2 NC
116 PB4/ WUE4/DLAD3 NC
117 PB3/WUE3/DLFRAME NC
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Pin No. Pin Name
Single-Chip Mode
TFP-144 Mode 2 and Mode 3 (EXPE = 0) Flash Memory Programmer Mode
118 PB2/WUE2 NC
119 PB1/WUET/LSCI NC
120 PBO/WUEO/LSMI NC
121 P30/LADO FOO
122 P31/LAD1 FO1
123 P32/LAD2 FO2
124 P33/LAD3 FO3
125 P34/LFRAME FO4
126 P35/LRESET FO5
127 P36/LCLK FO6
128 P37/SERIRQ FO7
129 P80/PME NC
130 P81/GA20 NC
131 P82/CLKRUN NC
132 P83/LPCPD NC
133 P84/IRQ3/TxD1/IFrTxD NC
134 P85/IRQ4/RxD1/IrRxD NC
135 (N) P86/IRQ5/SCK1/SCL1 NC
136 P40/TMCI0/TxD2/DSERIRQ NC
137 P41/TMOO0/RxD2/DCLKRUN NC
138 (N) P42/ExIRQ7/TMRI0O/SCK2/SDAT NC
139 VSS VSS
140 X1 NC
141 X2 NC
142 RESO NC
143 XTAL XTAL
144 EXTAL EXTAL

Notes: (N) indicates the pin is driven by NMOS push-pull/open drain.

*

Not supported by the system development tool (emulator).
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133 Pin Functions
Table1.2 Pin Functions
Type Symbol Pin No. 110 Name and Function
Power VCC 1, 36, Input Power supply pins. Connect all these pins to the
supply 86 system power supply. Connect the bypass
capacitor between VCC and VSS (near VCC).
VCL 13 Input External capacitance pin for internal step-down
power. Connect this pin to VSS through an
external capacitor (that is located near this pin) to
stabilize internal step-down power.
VSS 7,42, Input Ground pins. Connect all these pins to the system
95, 111, power supply (0 V).
139
Clock XTAL 143 Input For connection to a crystal resonator. An external
EXTAL 144 Input clock can be supplied from the EXTAL pin. For an
example of crystal resonator connection, see
section 23, Clock Pulse Generator.
[0} 18 Output  Supplies the system clock to external devices.
EXCL 18 Input 32.768-kHz external clock for sub clock should be
EXEXCL 16 Inout supplied. To which pin the external clock is input
X pu can be selected from the EXCL and EXEXCL
pins.
X2 141 Input These pins should be left open.
X1 140
Operating MD2 MD1 25 Input These pins set the operating mode. Inputs at
mode MDO 9 these pins should not be changed during
control 10 operation.
System RES 8 Input Reset pin. When this pin is low, the chip is reset.
control RESO 142 Output  Outputs a reset signal to an external device.
STBY 12 Input When this pin is low, a transition is made to
hardware standby mode.
FWE 26 Input Control pin for use by flash memory
Rev. 3.00 Jul. 14, 2005 Page 10 of 986
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Type Symbol Pin No. I/0 Name and Function
Interrupts ~ NMI 11 Input Nonmaskable interrupt request input pin
IRQ15t0 17,19, Input These pins request a maskable interrupt.
IRQO 20, 21, To which pin an IRQ interrupt is input can be
47 to 50, selected from the IRQn and ExIRQn pins.
85, 84, 135, (n=15100)
134, 133,
24,23, 22
ExIRQ15 51
to ExXIRQO0 to
58
138
14
73
to
68
Boundary ETRST** 27 Input Interface pins for boundary scan
scan ETMS 28 Input  Reset by holding the ETRST pin to low
(JTAG) ETDO 59 Output regardless of the JTAG activation. At this time,
the ETRST pin should be held low for 20 clocks
ETDI 30 Input of ETCK. For details, see section 26, Electrical
ETCK 31 Input Characteristics. Then, to activate the JTAG, the

ETRST pin should be set to high and the pins
ETCK, ETMS, and ETDI should be set
appropriately. When in the normal operation
without activating the JTAG, pins ETRST, ETCK,
ETMS, and ETDI are set to high or high-
impedance. As these pins are pulled up inside
the chip, take care during standby state.
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Type Symbol Pin No. I/0 Name and Function
PWM timer PW15to 9610103 Output PWM timer pulse output pins.
(PWM) PW8 From which pin pulses are output can be selected
ExPW15 to 43 to 46 from the PWn and ExPWn pins.
ExPW12 (n=151012)
14-bit PWM PWXA1 6 Output  PWMX pulse output pins
timer PWXO0 5
(PWMX)
16-bit free  FTCI 78 Input External event input pin
running FTOA 79 Output  Output compare output pins
tmer FRT) rrom a4 uiput - Dulput compare oufput pi
FTIA to 80 to 83 Input Input capture input pins
FTID
16-bit timer TCLKD 59 Input Timer external clock input/output pins
pulse unit  TCLKC 61
(TPU) TCLKB 63
TCLKA 64
TIOCAO 66 Input/ Input capture input/output compare output/PWM
TIOCBO 65 Output  output pins for TGRA_0 to TGRD_0
TIOCCO 64
TIOCDO 63
TIOCA1 62 Input/ Input capture input/output compare output/PWM
TIOCB1 61 Output  output pins for TGRA_1 and TGRB_1
TIOCA2 60 Input/ Input capture input/output compare output/PWM
TIOCB2 59 Output  output pins for TGRA_2 and TGRB_2
8-bit timer  TMOO 137 Output  Waveform output pins with output compare
(TMR_O, TMO1 3 function.
TMR_A1, TMOX 85 From which pin waveforms are output can be
TMR_X, ExXTMOX 47 selected from the TMOX and ExTMOX pins.
TMR_Y) TMOY 15
TMCIO 136 Input Input pins for the external clock input to the
TMCI1 2 counter. To which pin the external clock is input
ExTMCIO 58 can be selected from the TMCIn and ExTMCIn
ExTMCI1 57 pins.
(n=1o0r0)
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Type Symbol Pin No. I/0 Name and Function
8-bit timer TMRIO 138 Input External event input pin and counter reset input
(TMR_O, TMRI1 4 pin
¥m2—;( TMIX 78 Input External event input pins and counter reset input
TMR_Y, T™MIY 80 pins. To which pin an external event or counter
-Y) ExTMIX 56 reset is input can be selected from the TMIn and
ExTMIY 55 ExTMiIn pins.
(n=XorY)
Serial TxD1 133 Output  Transmit data output pins
communi- TxD2 136
gatlon RxD1 134 Input Receive data input pins
interface RxD2 137
(SCI_1,
SCI_2) SCKA1 135 Input/ Clock input/output pins. Output type is NMOS
SCK2 138 Output  push-pull output.
SCI with IrTxD 133 Output  Encoded data output pin for IrDA
IrDA (SCI) IrRxD 134 Input Encoded data input pin for IrDA
I°C bus SCLO 14 Input/ I”C clock input/output pins. These pins can drive
interface SCL1 135 Output  a bus directly with the NMOS open drain output.
(ne) ExSCLA 53 To which pin the I°C clock is input or output can
ExSCLB 51 be selected from the SCLn, ExSCLA, and
ExSCLB pins.
(n=10r0)
SDAO 17 Input/ I’C data input/output pins. These pins can drive a
SDA1 138 Output  bus directly with the NMOS open drain output. To
ExSDAA 54 which pin the I’C data is input or output can be
ExSDAB 52 selected from the SDAn, ExXSDAA, and ExSDAB
pins.
(n=1o0r0)
Keyboard PS2AC 39 Input/ Synchronous clock input/output pins for the
buffer PS2BC 37 Output  keyboard buffer control unit
control unit PS2CC 34
(KBU)
PS2AD 38 Input/ Data input/output pins for the keyboard buffer
PS2BD 35 Qutput  control unit.
PS2CD 33
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Type Symbol Pin No. I/0 Name and Function
Keyboard KIN15to  33to 35, Input Matrix keyboard input pins. All pins have a wake-
control KIN 37 to 41, up function. Normally, KINO to KIN15 function as
851t0 78 key scan inputs, and P10 to P17 and P20 to P27
function as key scan outputs. Thus, composed
with a maximum of 16 outputs x 16 inputs, a 256-
key matrix can be configured.
WUE15to 871to 94 Input Wake-up event input pins. Same wake up as key
WUES wake up can be performed with various sources.
WUE7to 113to 120
WUEO
A/D AN7 to ANO 75 to 68 Input Analog input pins
converter ADTRG 24 Input External trigger input pin to start A/D conversion
AVCC 76 Input Analog power supply pin. When the A/D
converter is not used, this pin should be
connected to the system power supply (+3.3 V).
AVref 77 Input Reference power supply pin for the A/D
converter. When the A/D converter is not used,
this pin should be connected to the system power
supply (+3.3 V).
AVSS 67 Input Ground pin for the A/D converter. This pin should
be connected to the system power supply (0 V).
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Type Symbol Pin No. I/0 Name and Function
LPC LAD3 to 124 to 121 Input/ Transfer cycle type, address, and data
Interface LADO Output  input/output pins
(LPC) LFRAME 125 Input Input pin indicating transfer cycle start and forced
termination of an abnormal transfer cycle
LRESET 126 Input LPC reset pin. When this pin is low, a reset state
is entered.
LCLK 127 Input LPC clock input pin
SERIRQ 128 Input/ LPC serial host interrupt (HIRQ1, SMI, HIRQS, or
Output  HIRQ9 to HIRQ12) input/output pin
LSCI 119 Input/ General input/output ports of LSCI, LSMI, and
LSMI 120 Output PME
PME 129
GA20 130 Output  GATE A20 control signal output pin
CLKRUN 131 Input/ LCLK operation start request input/output pin
Output
LPCPD 132 Input LPC module shutdown control input pin
LID3 32 Input Input pin for setting host address 31
DLAD3to 116to 113 Input/ LAD input/output pins for the docking LPC
DLADO Output
DLFRAME 117 Output  LFRAME output pin for the docking LPC
DSERIRQ 136 Input/ SERIRQ input/output pin for the docking LPC
Output
DCLKRUN 137 Input/ CLKRUN input/output pin for the docking LPC
Output
LDRQ 88 Output  Encoded DMA request output pin for the docking
LPC
DLDRQ 87 Input Encoded DMA request input pin for the docking

LPC
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Type Symbol Pin No. I/0 Name and Function
/O ports P17to P10 104 to 110, 112 Input/ Eight input/output pins
Output
P27 to P20 96 to 103 Input/ Eight input/output pins
Output
P37 to P30 128 to 121 Input/ Eight input/output pins
Output
P47 to P40 61to 2, Input/ Eight input/output pins
138 to 136 Output
P52to P50 141to 16 Input/ Three input/output pins
Output
P67 to P60 85 to 78 Input/ Eight input/output pins
Output
P77 to P70 7510 68 Input Eight input pins
P86 to P80 135to 129 Input/ Seven input/output pins
Output
P97 to P90 17 to 24 Input/ Eight input/output pins
Output
PA7 to PAO 33 to 35, Input/ Eight input/output pins
37 to 41 Output
PB7 to PBO 113 to 120 Input/ Eight input/output pins
Output
PC7 to PCO 87 to 94 Input/ Eight input/output pins
Output
PD7 to PDO 59 to 66 Input/ Eight input/output pins
Output
PE4 to 28 to 32 Input Five input pins
PEO*'
PF7to PFO 4310 50 Input/  Eight input/output pins
Output
PG7 to PGO 51 to 58 Input/ Eight input/output pins
Output

Notes: 1. Pins PE4 to PE1 are not supported by the system development tool (emulator).

2. Following precautions are required on the power-on reset signal that is applied to the
ETRST pin.
The reset signal should be applied on power supply.
Apart the power on reset circuit from this LSI to prevent the ETRST pin of the board
tester from affecting the operation of this LSI.
Apart the power on reset circuit from this LSI to prevent the system reset of this LSI
from affecting the ETRST pin of the board tester.
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Figurel.3 shows an example of design in which signals for reset do not affect each other.

Board edge pin

System f——
reset — RE
Power On
Reset circuit
| ETRST
ETRST | |'

This LSI

|

(%]

Figure1.3 Sample Design of Reset Signalswith no Affection Each Other
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Section2 CPU

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16 Mbytes linear address space, and isideal for realtime control.

This section describes the H8S/2000 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, see section 3, MCU Operating Modes.

2.1 Features

e Upward-compatibility with H8/300 and H8/300H CPUs
— Can execute H8/300 CPU and H8/300H CPU object programs
e General-register architecture
— Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
e Eight addressing modes
— Register direct [Rn]
— Register indirect [ @ERN]
— Register indirect with displacement [ @(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
— Absolute address [@aa:8, @aa: 16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [ @(d:8,PC) or @(d:16,PC)]
— Memory indirect [ @@aa:8]
e 16 Mbytes address space
— Program: 16 Mbytes
— Data: 16 Mbytes
e High-speed operation
— All frequently-used instructions are executed in one or two states
— 8/16/32-hit register-register add/subtract: 1 state
— 8x 8-bit register-register multiply: 12 states (MULXU.B), 13 states (MULXS.B)
— 16 + 8-hit register-register divide: 12 states (DIVXU.B)
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— 16 x 16-hit register-register multiply: 20 states (MULXU.W), 21 states (MULXS.W)
— 32+ 16-hit register-register divide: 20 states (DIVXU.W)
e Two CPU operating modes
— Normal mode
— Advanced mode
e Power-down state
— Transition to power-down state by SLEEP instruction
— Selectable CPU clock speed

211 Differences between H85/2600 CPU and H8S/2000 CPU
The differences between the H8S5/2600 CPU and the H8S/2000 CPU are as shown below.

o Register configuration
The MAC register is supported only by the H8S/2600 CPU.
e Basicinstructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H85/2600 CPU.

e The number of execution states of the MULXU and MUL XS instructions

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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212 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

e More general registers and control registers
— Eight 16-bit extended registers and one 8-bit control register have been added.
e Extended address space
— Normal mode supports the same 64 kbytes address space as the H8/300 CPU.
— Advanced mode supports a maximum 16 Mbytes address space.
e Enhanced addressing
— The addressing modes have been enhanced to make effective use of the 16 Mbytes address
space.

e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— Signed multiply and divide instructions have been added.
— Two-hit shift and two-bit rotate instructions have been added.
— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

e Higher speed
— Basicinstructions are executed twice as fast.

213 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

e Additional control register
— One 8-bit control register has been added.

e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— Two-bit shift and two-bit rotate instructions have been added.
— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

e Higher speed
— Basic instructions are executed twice as fast.
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2.2 CPU Operating M odes

The H85/2000 CPU has two operating modes. normal and advanced. Normal mode supports a
maximum 64 kbytes address space. Advanced mode supports a maximum 16 Mbytes address
space. The mode is selected by the LSI's mode pins.

221 Normal Mode

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

e Address space
Linear access to a maximum address space of 64 kbytesis possible.
o Extended registers (En)

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

When extended register Enis used as a 16-hit register it can contain any value, even when the
corresponding general register (Rn) is used as an address register. (If general register Rnis
referenced in the register indirect addressing mode with pre-decrement (@—Rn) or post-
increment (@Rn+) and a carry or borrow occurs, the value in the corresponding extended
register (En) will be affected.)

e Instruction set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) arevalid.

e Exception vector table and memory indirect branch addresses

In norma mode, the top area starting at H'0000 is allocated to the exception vector table. One
branch addressiis stored per 16 bits. The exception vector table in normal modeis shownin
figure 2.1. For details of the exception vector table, see section 4, Exception Handling.

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In normal mode, the operand is a 16-bit (word) operand,
providing a 16-bit branch address. Branch addresses can be stored in the top area from H'0000
to H'OOFF. Note that this areais also used for the exception vector table.

e Stack structure
In normal mode, when the program counter (PC) is pushed onto the stack in a subroutine call
in normal mode, and the PC and condition-code register (CCR) are pushed onto the stack in
exception handling, they are stored as shown in figure 2.2. The extended control register
(EXR) is not pushed onto the stack. For details, see section 4, Exception Handling.
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H'0000
H'0001

- - Reset exception vector

H'0002
H'0003

- (Reserved for system use)

H0004 [
H'0005
H'0006 |
H'0007

= (Reserved for system use)

> Exception
vector table

H'0008
H'0009

- - Exception vector 1

H'000A
H'000B

- - Exception vector 2

N

Figure2.1 Exception Vector Table (Normal Mode)

\/_\

SP— PC

(16 bits)

SP

(a) Subroutine Branch

Note: * Ignored when return

\/\

ing.

\/\

CCR

CCR*

PC
(16 bits)

\/_\

(b) Exception Handling

Figure2.2 Stack Structurein Normal Mode
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2.2.2 Advanced Mode

Address space

Linear access to a maximum address space of 16 Mbytesis possible.

Extended registers (En)

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

Instruction set

All instructions and addressing modes can be used.

Exception vector table and memory indirect branch addresses

In advanced mode, the top area starting at H'00000000 is all ocated to the exception vector
table in 32-bit units. In each 32 bits, the upper eight bits are ignored and a branch addressis
stored in the lower 24 bits (see figure 2.3). For details of the exception vector table, see section
4, Exception Handling.

H'00000000 Reserved
Reset exception vector
H'00000003
H'00000004 | ~ Reserved |
(Reserved for system use)

H'00000007 |
H'00000008

e Exception vector table
H'00000008 |

F-- (Reserved for system use)
H'0000000C |
H'00000010 ~ Reserved ]

Exception vector 1

~___—

Figure2.3 Exception Vector Table (Advanced Mode)
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The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In advanced mode, the operand is a 32-bit longword operand,
providing a 32-bit branch address. The upper eight bits of these 32 bits are a reserved area that
isregarded as H'00. Branch addresses can be stored in the area from H'00000000 to
H'000000FF. Note that the top area of thisrangeis also used for the exception vector table.
Stack structure

In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC and condition-code register (CCR) are pushed onto the stack in exception
handling, they are stored as shown in figure 2.4. The extended control register (EXR) is not
pushed onto the stack. For details, see section 4, Exception Handling.

\_/—\ \_/—\

sp—~ | Reserved | SP— CCR
- PC --- - PC -
(24-bit) (24-bit)

\_/—\ \_/_\

(a) Subroutine Branch (b) Exception Handling

Figure2.4 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.5 shows a memory map of the H85/2000 CPU. The H85/2000 CPU provides linear
access to a maximum 64 kbytes address space in normal mode, and a maximum 16 Mbytes
(architecturally 4 Gbytes) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, see section 3, MCU Operating
Modes.

H'0000 H'00000000
64 kbytes 16 Mbytes
H'FFFF Program area
H'OOFFFFFF | ____ __________ Data area
Not available
in this LSI
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: * Not available in this LSI.

Figure25 Memory Map
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24 Register Configuration

The H85/2000 CPU has the internal registers shown in figure 2.6. These are classified into two
types of registers: general registers and control registers. Control registersrefer to a 24-bit
program counter (PC), an 8-bit extended control register (EXR), and an 8-bit condition code

register (CCR).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers
23 0
PC [
76543210
ExR*[T]-]-[-]-i2]it]io]
76543210
cer [1ulH]u[n[z]v]c]
Legend
SP : Stack pointer H : Half-carry flag
PC : Program counter U : User bit
EXR : Extended control register N : Negative flag
T : Trace bit z : Zero flag
12 to 10 : Interrupt mask bits \ : Overflow flag
CCR : Condition-code register C : Carry flag
| : Interrupt mask bit
Ul : User bit or interrupt mask bit

Note: * Does not affect operation in this LSI.

Figure2.6 CPU Internal Registers
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241 General Registers

The H85/2000 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
as adataregister, it can be accessed as a 32-hit, 16-bit, or 8-bit register. Figure 2.7 illustrates the
usage of the general registers. When the general registers are used as 32-hit registers or address
registers, they are designated by the letters ER (ERO to ER7).

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

When the general registers are used as 8-hit registers, the R registers are divided into 8-bit general
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). Theseregisters are
functionally equivalent, providing sixteen 8-bit registers at the maximum.

The usage of each register can be selected independently.

General register ER7 has the function of the stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows the
stack.

* Address registers * 16-bit registers  8-bit registers
* 32-bit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure2.7 Usageof General Registers
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SP (ER7) —»]

Free area

Stack area

/\/

24.2

Program Counter (PC)

Figure2.8 Stack

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of al CPU instructionsis 2 bytes (one word), so the least significant PC bit isignored. (When an
instruction is fetched for read, the least significant PC bit is regarded as 0.)

243

EXR does not affect operation inthisLSl.

Extended Control Register (EXR)

Bit Bit Name Initial Value R/W  Description
7 T 0 R/W  Trace Bit
Does not affect operation in this LSI.
6t03 — All 1 R Reserved
These bits are always read as 1.
2t00 12 1 R/W  Interrupt Mask Bits 2 to 0
I 1 R/W Do not affect operation in this LSI.
[0] 1 R/W
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244 Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

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

(Bcc) instructions.

Bit Bit Name |Initial Value R/W

Description

7 | 1 R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMl is
accepted regardless of the | bit setting. The | bit is set to 1
at the start of an exception-handling sequence. For details,
see section 5, Interrupt Controller.

6 ul Undefined R/W

User Bit or Interrupt Mask Bit

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

5 H Undefined R/W

Half-Carry Flag

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

4 U Undefined R/W

User Bit

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

3 N Undefined R/W

Negative Flag

Stores the value of the most significant bit of data as a sign
bit.

2 Z Undefined R/W

Zero Flag

Set to 1 when data is zero, and cleared to 0 when data is
not zero.
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Bit Bit Name |Initial Value R/W Description

1 \Y Undefined R/W Overflow Flag

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

0 C Undefined R/W Carry Flag

Set to 1 when a carry occurs, and cleared to 0 otherwise.
Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
¢ Shift and rotate instructions, to indicate a carry

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

245 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clearsthe
trace (T) bit in EXR to 0, and sets the interrupt mask (I) bitsin CCR and EXR to 1. The other
CCR bits and the genera registers are not initialized. Note that the stack pointer (ER7) is
undefined. The stack pointer should therefore be initialized by an MOV .L instruction executed
immediately after areset.
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2.5 Data Formats
The H8S5/2000 CPU can process 1-bit, 4-bit BCD, 8-hit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,

..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

251 General Register Data Formats

Figure 2.9 shows the data formats of genera registers.

Data Type Register Number Data Image
7 0
1 1 1 1 1 1 1 0
1-bit data RnH 7:6:5:4:3:2:1:°|______D_O_"_t_c_a_"_3 ......
___________________ 7 0
i ' . T Al gl 1ol ol 1
1-bit data AL | Donteare [ 7leisialal2l1i0
7 43 o .
4-bit BCD data RnH | Upper | Lower | Don't care 1
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL | Don't care | Upper | Lower |
7 0
Byte data RnH Pl | Donteare
1 L L L L L L
MSB LSB
___________________ 7 0
Byte data RnL i Don't care | N
I. __________________ L L L L L L L
MSB LSB

Figure2.9 General Register Data Formats (1)
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Data Type Register Number Data Image
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15 0
MSB En Rn LSB
Legend
ERn : General register ER
En : General register E
Rn : General register R
RnH : General register RH
RnL : General register RL
MSB : Most significant bit
LSB : Least significant bit

Figure2.9 General Register Data Formats (2)
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252 Memory Data For mats

Figure 2.10 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword datain memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the address is regarded as 0, so the access starts at the preceding address. This

also appliesto instruction fetches.

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

size or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M + 1

Address 2N
Address 2N + 1
Address 2N + 2

Address 2N + 3

Data Image

/\/

7 0

706 |[5]4|3]2]1]0

MSB, i i ! ! ! LS8

SB!
e
MSB: 1
L0 0 44 iLsB

Figure2.10 Memory Data Formats
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2.6 Instruction Set

The H85/2000 CPU has 65 types of instructions. The instructions are classified by function as

shown in table 2.1.

Table2.1 Instruction Classification
Function Instructions Size Types
Data transfer MOV B/W/L 5
POP*', PUSH*' WI/L
LDM*®, STM*® L
MOVFPE*’, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS WI/L
TAS** B
Logic operations ~ AND, OR, XOR, NOT B/W/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/W/L
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch B..**, JMP, BSR, JSR, RTS -
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, -
NOP
Block data transfer EEPMOV - 1
Total: 65

Notes: B: Byte size; W: Word size; L: Longword size.

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

@-SP.

B, is the generic name for conditional branch instructions.
Cannot be used in this LSI.

To use the TAS instruction, use registers ERO, ER1, ER4, and ERS5.

Since register ER7 functions as the stack pointer in an STM/LDM instruction, it cannot

ok

be used as an STM/LDM register.
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26.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in
tables 2.3 t0 2.10 is defined below.

Table2.2 Operation Notation

Symbol Description

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

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

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR
z Z (zero) flag in CCR

Vv V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ NOT (logical complement)

:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).

Rev. 3.00 Jul. 14, 2005 Page 36 of 986
REJ09B0098-0300 RENESAS



Section2 CPU

Table2.3

Data Transfer Instructions

Instruction Size**

Function

MOV B/W/L  (EAs) — Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP WiL @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn
PUSH WiL Rn —» @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
LDM*? L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM*? L Rn (register list) - @-SP
Pushes two or more general registers onto the stack.
Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword
2. Since register ER7 functions as the stack pointer in an STM/LDM instruction, it cannot

be used as an STM/LDM register.

Rev. 3.00 Jul. 14, 2005 Page 37 of 986
RENESAS REJ09B0098-0300



Section2 CPU

Table2.4 Arithmetic Operations Instructions (1)

Instruction Size*

Function

ADD B/W/L Rd + Rs — Rd, Rd + #IMM — Rd

SuUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Subtraction on
immediate data and data in a general register cannot be performed in
bytes. Use the SUBX or ADD instruction.)

ADDX B Rd + Rs + C — Rd, Rd = #lMM + C — Rd

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

INC B/W/L Rd+1 — Rd, Rd+2 - Rd

DEC Adds or subtracts the value 1 or 2 to or from data in a general register.
(Only the value 1 can be added to or subtracted from byte operands.)

ADDS L Rd+1—Rd,Rd+2 — Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA B Rd (decimal adjust) — Rd

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

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

MULXS B/W Rd x Rs — Rd
Performs signed multiplication on data in two general registers: either 8-
bit x 8-bit — 16-bit or 16-bit x 16-bit — 32-bit.

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

Note: * Size refers to the operand size.

B: Byte
W:  Word
L: Longword
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Table2.4 Arithmetic Operations Instructions (2)

Instruction Size* Function
DIVXS B/W Rd + Rs — Rd

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

CMP B/W/L Rd - Rs, Rd — #IMM

Compares data in a general register with data in another general register
or with immediate data, and sets the CCR bits according to the result.

NEG B/WI/L 0-Rd — Rd

Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU W/L Rd (zero extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS W/L Rd (sign extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

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

Notes: 1. Size refers to the operand size.

B: Byte
W:  Word
L: Longword

2. To use the TAS instruction, use registers ERO, ER1, ER4, and ER5.
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Table25 Logic Operations|nstructions
Instruction Size* Function
AND B/W/L Rd A Rs — Rd, Rd A #IMM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/L Rd v Rs — Rd, Rd v #IMM — Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/L Rd ® Rs — Rd, Rd @ #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.
NOT B/W/L ~Rd - Rd
Takes the one's complement (logical complement) of data in a general
register.
Note: * Size refers to the operand size.
B: Byte
W:  Word
L: Longword
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Table2.6  Shift Instructions

Instruction Size* Function

SHAL B/WI/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on data in a general register. 1-bit or 2 bit
shift is possible.

SHLL B/W/L Rd (shift) - Rd

SHLR Performs a logical shift on data in a general register. 1-bit or 2 bit shift is
possible.

ROTL B/W/L Rd (rotate) —» Rd

ROTR Rotates data in a general register. 1-bit or 2 bit rotation is possible.

ROTXL B/W/L Rd (rotate) — Rd

ROTXR Rotates data including the carry flag in a general register. 1-bit or 2 bit

rotation is possible.

Note: * Size refers to the operand size.

B: Byte
W:  Word
L: Longword
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Table2.7 Bit Manipulation Instructions (1)

Instruction Size* Function

BSET B 1 — (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)

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

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B ~ (<bit-No.> of <EAd>) — Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C A (<bit-No.> of <EAd>) —» C

Logically ANDs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIAND B C A (<bit-No.> of <EAd>) —» C

Logically ANDs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.

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

BOR B C v (<bit-No.> of <EAd>) — C

Logically ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIOR B C v (~ <bit-No.> of <EAd>) — C

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

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

Note: * Size refers to the operand size.
B: Byte
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Table2.7 Bit Manipulation Instructions (2)

Instruction  Size* Function

BXOR B C ® (<bit-No.> of <EAd>) —» C
Logically exclusive-ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the carry flag.

BIXOR B C @ ~ (<bit-No.> of <EAd>) —» C
Logically exclusive-ORs the carry flag with the inverse of a specified bit
in a general register or memory operand and stores the result in the
carry flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory operand to the
carry flag.

BILD B ~ (<bit-No.> of <EAd>) — C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B ~ C — (<bit-No.>. of <EAd>)
Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.
The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branch Instructions
Instruction  Size Function
Bcc - Branches to a specified address if a specified condition is true. The

branching conditions are listed below.

Mnemonic Description Condition

BRA (BT) Always (true) Always

BRN (BF) Never (false) Never

BHI High CvZ=0

BLS Low or same Cvz=1

BCC (BHS) Carry clear C=0

(high or same)

BCS (BLO) Carry set (low) C=1

BNE Not equal Z=0

BEQ Equal Z=1

BVC Overflow clear V=0

BVS Overflow set V=1

BPL Plus N=0

BMI Minus N=1

BGE Greaterorequal N®V =0

BLT Less than NeV=1

BGT Greater than Zv(NeV)=0

BLE Less or equal Zv(N®V)=1
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
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Table2.9 System Control Instructions

Instruction  Size* Function

TRAPA - Starts trap-instruction exception handling.
RTE - Returns from an exception-handling routine.
SLEEP - Causes a transition to a power-down state.
LDC B/W (EAs) — CCR, (EAs) — EXR

Moves the memory operand contents or immediate data to CCR or
EXR. Although CCR and EXR are 8-bit registers, word-size transfers
are performed between them and memory. The upper eight bits are
valid.

STC B/W CCR — (EAd), EXR — (EAd)

Transfers CCR or EXR contents to a general register or memory
operand. Although CCR and EXR are 8-bit registers, word-size
transfers are performed between them and memory. The upper eight

bits are valid.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP - PC+2—-PC

Only increments the program counter.

Note: * Size refers to the operand size.
B: Byte
W:  Word
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Table2.10 Block Data Transfer Instructions

Instruction  Size

Function

EEPMOV.B -

if R4L = 0 then
Repeat @ ER5+ —» @ER6+
R4L-1 — R4L
UntilR4L =0
else next:

EEPMOV.W -

if R4 = 0 then
Repeat @ ER5+ — @ERG6+
R4-1 — R4
UntiiR4 =0
else next:

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location
set in ERG6.

Execution of the next instruction begins as soon as the transfer is
completed.
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2.6.2 Basic I nstruction Formats

The H85/2000 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), aregister field (r), an effective address extension (EA), and a condition field
(co).

Figure 2.11 shows examples of instruction formats.

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

o Register field
Specifies ageneral register. Address registers are specified by 3-bit, and data registers by 3-bit
or 4-bit. Some instructions have two register fields, and some have no register field.

o Effective address extension
8-, 16-, or 32-hit specifying immediate data, an absolute address, or a displacement.

e Conditionfield
Specifies the branching condition of Bcc instructions.

(1) Operation field only

op NOP, RTS

(2) Operation field and register fields

op rn rm ADD.B Rn, Rm

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

op rn rm

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

EA (disp)

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

op cc EA (disp) BRA d:16

Figure2.11 Instruction Formats (Examples)
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2.7 Addressing Modes and Effective Address Calculation

The H8S/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes.

Arithmetic and logic operations instructions can use the register direct and immediate addressing
modes. Datatransfer instructions can use all addressing modes except program-counter relative
and memory indirect. Bit manipulation instructions can use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5  Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #XX:8/#xx:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8  Memory indirect @ @aa:8

271 Register Direct—Rn

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

2.7.2 Register Indirect—@ERnN

Theregister field of the instruction code specifies an address register (ERn) which contains the
address of amemory operand. If the address is a program instruction address, the lower 24 bits are
valid and the upper eight bits are all assumed to be 0 (H'00).
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2.7.3 Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction code is added to an address register
(ERnN) specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

274 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN

Register Indirect with Post-l1ncrement—@ERN+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After the
operand isaccessed, 1, 2, or 4 is added to the address register contents and the sum is stored in the
address register. The value added is 1 for byte access, 2 for word access, and 4 for longword
access. For word or longword transfer instructions, the register value should be even.

Register Indirect with Pre-Decrement—@-ERn: Thevaue 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result
becomes the address of a memory operand. Theresult is also stored in the address register. The
value subtracted is 1 for byte access, 2 for word access, and 4 for longword access. For word or
longword transfer instructions, the register value should be even.

275 Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bitslong
(@aa:32). Table 2.12 indicates the accessible absol ute address ranges.

To access data, the absol ute address should be 8 bits (@aa:8), 16 bits (@aa: 16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are al assumed to be 1 (H'FFFF).
For a 16-bit absolute address, the upper 16 bits are a sign extension. For a 32-hit absolute address,
the entire address space is accessed.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper eight
bits are all assumed to be 0 (H'00).
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Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FF00 to H'FFFF H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction 24 bits (@aa:24)
address

2.7.6 Immediate—#xx: 8, #xx:16, or #xx:32

The 8-hit (#xx:8), 16-hit (#xx:16), or 32-bit (#xx:32) immediate data contained in an instruction
code can be used directly as an operand.

The ADDS, SUBS, INC, and DEC instructions implicitly contain immediate datain their
instruction codes. Some bit manipulation instructions contain 3-bit immediate datain the
instruction code, specifying abit number. The TRAPA instruction contains 2-bit immediate data
in itsinstruction code, specifying a vector address.

277 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

This mode can be used by the Bcc and BSR instructions. An 8-bit or 16-bit displacement
contained in the instruction code is sign-extended to 24-bit and added to the 24-bit address
indicated by the PC value to generate a 24-bit branch address. Only the lower 24-bit of this branch
address are valid; the upper eight bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128-byte (—63 to +64 words) or —32766 to +32768-byte (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.
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2.7.8 Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand which contains a branch address. The upper bits of
the 8-bit absolute address are all assumed to be 0, so the address range is 0 to 255 (H'0000 to
H'00FF in normal mode, H'000000 to H'0000FF in advanced mode).

In normal mode, the memory operand is aword operand and the branch addressis 16 bitslong. In
advanced mode, the memory operand is alongword operand, the first byte of which is assumed to
be 0 (H'00).

Note that the top area of the address range in which the branch addressis stored is aso used for
the exception vector area. For further details, see section 4, Exception Handling.

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or the instruction code to be
fetched at the address preceding the specified address. (For further information, see section 2.5.2,
Memory Data Formats.)

\/_\\/—\

Specified — Specified —| Reserved .
by @aa:8 [~ Branch address - - - by @aa:8

Branch address

\/\

(a) Normal Mode (b) Advanced Mode

Figure2.12 Branch Address Specification in Memory Indirect Addressing Mode
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2.7.9 Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode. In normal
mode, the upper eight bits of the effective address are ignored in order to generate a 16-bit
address.

Table2.13 Effective Address Calculation (1)

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

1 Register direct (Rn)

Operand is general register contents.
[ o [m]m]

2 Register indirect (@ ERn) 31 0 31 2423

I General register contents |——>|D(Jn'l Cal’el
Lo [ ] |

3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERn) 31 0

[ | General register contents

| 31 2423

——lDon‘t carel

31

| Sign extension | disp

=]

4 Register indirect with post-increment or

pre»dgcrement ) ) 31 31 2423
* Register indirect with post-increment @ ERn+ [ -
General register contents ——lDon t carel
L
O

* Register indirect with pre-decrement @-ERn 31

| )

| General register contents 31 2423

[ oo [ ] |

Operand Size

Byte 1
Word 2
Longword 4
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Table2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa:8 31 2423 87 0
|Don‘l carel H'FFFF | |
@aa:16 31 2423 16 15
| op | abs | |Don‘t carel Sign extensionl |
@aa:24 31 24 23 0
| op | abs | |Don‘t carel |
@aa:32
op 31 2423 0
abs |Don‘l caral
6 | Immediate
#XX:B/4xx:16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 0
@(d:8,PC)/@(d:16,PC) | PC contents h
op disp ;
Sign :
st 242 0
|Don't carel
8 Memory indirect @ @aa:8
* Normal mode
‘ - !
| oo [ abs | H'000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |Don't carel H'00 | |
* Advanced mode
‘ - ]
“m H'000000 | abs | 31 2423 0
31 0 |Don‘t carel
Memory contents | T
1
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2.8 Processing States

The H85/2000 CPU has five main processing states; the reset state, exception handling state,
program execution state, bus-released state, and program stop state. Figure 2.13 indicates the state
transitions.

o Reset state
In this state the CPU and on-chip peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, see section 4, Exception Handling.
Thereset state can also be entered by awatchdog timer overflow.

e Exception-handling state
The exception-handling state is atransient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as, areset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, see section 4, Exception Handling.

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

e Busreleased state
In aproduct which has a bus master other than the CPU, the bus-rel eased state occurs when the
bus has been released in response to a bus regquest from a bus master other than the CPU.
While the bus is released, the CPU halts operations. For details, see section 6, Bus Controller
(BSC).

e Program stop state
Thisis a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
see section 24, Power-Down Modes.
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End of bus request

Bus request
Program execution
state
SLEEP
Fera%g;tbus instruction
SLEEP with
rBelaSuest instruction \_ LSON =0,
with SSBY =0
y LSON =0,
PSS =0,
Bus-released state SSBY =
Request for
Eggegiion exception —
handling handling Sleep mode
Interrupt
request
Exception-handling state
[y External interrupt Software standby mode
request

RES = high
ﬁ STBY = high, RES = low -
Reset state”! - Hardware standby mode”?

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. The power-down state also includes watch mode, subactive mode, subsleep mode, etc. For details,
refer to section 24, Power-Down Modes.

Figure2.13 State Transitions
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2.9 Usage Notes

291 Noteon TAS Instruction Usage
To usethe TAS instruction, use registers ERO, ER1, ER4, and ERS5.

The TASinstruction is not generated by the Renesas Technology H8S and H8/300 series C/C++
compilers. When the TAS instruction is used as a user-defined intrinsic function, registers ERO,
ER1, ER4, and ER5 should be used.

292 Noteon STM/LDM Instruction Usage

Since the ERY register is used as the stack pointer in an STM/LDM instruction, it cannot be used
as aregister that allows save (STM) or restore (LDM) operation. Two to four registers can be
saved/restored by single STM/LDM instruction. Available registers are listed below.

Two: ERO and ER1, ER2 and ER3, ER4 and ER5
Three: ERO to ER2, ER4 to ER6
Four: ERO to ER3

The STM/LDM instruction with ER7 is not created by the Renesas Technology H8S or H8/300
series C/C++ compilers.

293 Note on Bit Manipulation I nstructions

The BSET, BCLR, BNOT, BST, and BIST instructions read datain byte units, manipulate the
data of the target bit, and write data in byte units. Specia careis required when using these
instructions in cases where aregister containing awrite-only bit is used or abit is directly
manipulated for a port.

In addition, the BCLR instruction can be used to clear the flag of theinternal I/O register. In this
case, if the flag to be cleared has been set to 1 by an interrupt processing routine, the flag need not
be read before executing the BCLR instruction.
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294 EEPMOQV Instruction

1. EEPMOV isablock-transfer instruction and transfers the byte size of dataindicated by R4*,
which starts from the address indicated by ER5, to the address indicated by ERG.

ER5 —»

ER5 + R4 —»

\

-+— ER6

-«— ER6 + R4

2. Set R4 and ERG6 s0 that the end address of the destination address (value of ER6 + R4) does
not exceed H'00FFFFFF (the value of ER6 must not change from H'00FFFFFF to H'01000000

during execution).

ER5 —» \
——ER6
ERS5 + R4 —»
HFFFFFFF
Invalid ~+— ER6 + R4
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LSl supports five operating modes (modes 2 to 4, 6, and 7). The operating modeis
determined by the setting of the mode pins (MD2, MD1, and MDQ). Table 3.1 shows the MCU
operating mode selection.

Table3.1 MCU Operating Mode Selection

MCU Operating CPU Operating
Mode MD2 MD1 MDO Mode Description On-Chip ROM
2 0 1 0 Advanced Single-chip mode Enabled
3 0 1 1 Normal Single-chip mode Enabled
4 1 0 0 — Flash memory —
programming/erasing
1 1 0 Emulation On-chip emulation mode Enabled
1 1 1 Emulation On-chip emulation mode Enabled

Modes 2 and 3 are single-chip mode.

Modes 0, 1, and 5 are not availablein this LSI. Modes 4, 6, and 7 are operating modes for a
special purpose. Thus, mode pins should be set to enable mode 2 or 3 in the normal program
execution state. Mode pin settings should not be changed during operation.

Mode 4 is a boot mode for programming or erasing the flash memory. For details, see section 21,
Flash Memory (0.18-um F-ZTAT Version).

Modes 6 and 7 are on-chip emulation modes. In these modes, this LSl is controlled by an on-chip
emulator (E10A) viathe JTAG, thus enabling on-chip emulation.
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3.2 Register Descriptions

The following registers are related to the operating modes. For details on the bus control register
(BCR), see section 6.2.1, Bus Control Register (BCR).

e Mode control register (MDCR)
e System control register (SY SCR)

e Serial timer control register (STCR)
e System control register 3 (SY SCR3)

321 Mode Control Register (MDCR)

MDCR is used to set an operating mode and to monitor the current operating mode.

Bit Bit Name

Initial Value  R/W Description

7 EXPE 0 R/W Reserved
The initial value should not be changed.
6to3 — AllO R  Reserved
The initial value should not be changed.
2 MDS2 —* R  Mode Select2t0 0
1 MDSH1 —* R its indi i i
These bits indicate the input levels at mode pins (MD2,
0 MDSO0 —* R

MD1, and MDO) (the current operating mode). The
MDS2, MDS1, and MDSO bits correspond to the MD2,
MD1, and MDO pins, respectively. These bits are read-
only bits and cannot be written to.

The input levels of the mode pins (MD2, MD1, and MDO)
are latched into these bits when MDCR is read. These
latches are canceled by a reset.

Note: * The initial values are determined by the settings of the MD2, MD1, and MDO pins.
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322 System Control Register (SYSCR)

SY SCR monitors areset source, selects the interrupt control mode and the detection edge for
NMI, enables or disables access to the on-chip peripheral module registers, and enables or disables
the on-chip RAM address space.

Bit Bit Name Initial Value R/W Description

7,6 — AllO R  Reserved

The initial value should not be changed.
5 INTMA1 0 R Interrupt Control Select Mode 1, 0
4 INTMO 0 R/W

These bits select the interrupt control mode of the
interrupt controller.

For details on the interrupt control modes, see section
5.6, Interrupt Control Modes and Interrupt Operation.

00: Interrupt control mode O
01: Interrupt control mode 1
10: Setting prohibited
11: Setting prohibited

3 XRST 1 R  External Reset

Indicates the reset source. A reset is caused by an
external reset input, or when the watchdog timer
overflows.

0: Aresetis caused when the watchdog timer overflows
1: Aresetis caused by an external reset

2 NMIEG 0 R/W NMI Edge Select
Selects the valid edge of the NMI interrupt input.

0: Aninterrupt is requested at the falling edge of NMI
input

1: Aninterrupt is requested at the rising edge of NMI
input
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Bit Bit Name Initial Value R/W Description

1 KINWUE 0 R/W Keyboard Control Register Access Enable

When the RELOCATE bit is cleared to 0, this bit enables
or disables CPU access for the keyboard matrix interrupt
registers (KMIMRA and KMIMR), pull-up MOS control
register (KMPCR), and registers (TCR_X/TCR_Y,
TCSR_X/TCSR_Y, TICRR/TCORA_Y, TICRF/TCORB_Y,
TCNT_X/TCNT_Y, TCORC/TISR, TCORA_X, TCORB_X,
TCONRI, and CONRS) of 8-bit timers (TMR_X and
TMR_Y)
0: Enables CPU access for registers of TMR_X and
TMR_Y in areas from H'(FF)FFFO to H'(FF)FFF7 and
from H'(FF)FFFC to H'(FF)FFFF

1: Enables CPU access for the keyboard matrix interrupt
registers and input pull-up MOS control register in
areas from H'(FF)FFFO to H'(FF)FFF7 and from
H'(FF)FFFC to H'(FF)FFFF

When the RELOCATE bit is set to 1, this bit is disabled.

For details, see section 3.2.4, System Control Register 3
(SYSCRB3) and section 25, List of Registers.

0 RAME 1 R/W RAM Enable
Enables or disables on-chip RAM.
0: On-chip RAM is disabled
1: On-chip RAM is enabled
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323 Serial Timer Control Register (STCR)

STCR enables or disables register access, |1C operating mode, and on-chip flash memory, and
selects the input clock of the timer counter.

Bit Bit Name Initial Value R/W Description
7 lcs 0 R/W I°C Extra Buffer Select

Sets bits 7 to 4 of port A to form an output buffer similar
to SCL and SDA. This function is used to realize the I°C
interface only by software.

0: PAY to PA4 are normal I/O pins
1: PAY to PA4 are I/O pins that can be bus driven

6 IICX1 0 R/W [F’C Transfer Rate Select 1, 0
5 IICX0 0 R/W

These bits control the IIC operation. These bits select
the transfer rate in master mode together with bits
CKS2 to CKSO0 in the I°C bus mode register (ICMR). For
details on the transfer rate, see table 16.3.
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Bit Bit Name Initial Value R/W Description

4 IICE 0 R/W [°C Master Enable

When the RELOCATE bit is cleared to 0, enables or
disables CPU access for IIC registers (ICCR, ICSR,
ICDR/SARX, ICMR/SAR, and DDCSWR), PWMX
registers (DADRAH/DACR, DADRAL,
DADRBH/DACNTH, and DADRBL/DACNTL), and SCI
registers (SMR, BRR, and SCMR).

0: SCI_1 registers are accessed in areas from
H'(FF)FF88 to H'(FF)FF89 and from H'(FF)FF8E to
H'(FF)FF8F.

SCI_2 registers are accessed in areas from
H'(FF)FFAO to H'(FF)FFA1 and from H'(FF)FFAB to
H'(FF)FFA7.

Access is prohibited in areas from H'(FF)FFD8 to
H'(FF)FFD9 and from H'(FF)FFDE to H'(FF)FFDF.

1: 1IC_1 registers are accessed in areas from
H'(FF)FF88 to H'(FF)FF89 and from H'(FF)FF8E to
H'(FF)FF8F.

PWMX registers are accessed in areas from
H'(FF)FFAO to H'(FF)FFA1 and from H'(FF)FFAG to
H'(FF)FFA7.

IIC_O registers are accessed in areas from
H'(FF)FFD8 to H'(FF)FFD9 and from H'(FF)FFDE to
H'(FF)FFDF.

DDCSWR is accessed in areas of H'(FF)FEE6

When the RELOCATE bit is set to 1, this bit is disabled.

For details, see section 3.2.4, System Control Register
3 (SYSCRB3) and section 25, List of Registers.
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Bit

Bit Name

Initial Value

R/W

Description

3

FLSHE

0

R/W

Flash Memory Control Register Enable

Enables or disables CPU access for flash memory
registers (FCCS, FPCS, FECS, FKEY, FMATS, and
FTDAR), power-down state control registers (SBYCR,
LPWRCR, MSTPCRH, and MSTPCRL), and on-chip
peripheral module control registers (BCR2, WSCR,
PCSR, and SYSCR2).

0: Control registers of power-down state and
peripheral modules are accessed in an area from
H'(FF)FF80 to H'(FF)FF87. Area from H'(FF)FEAS8
to H'(FF)FEAE is reserved.

1: Control registers of flash memory are accessed in
an area from H'(FF)FEAS8 to H'(FF)FEAE. Area from
H'(FF)FF80 to H'(FF)FF87 is reserved.

R/(W)

Reserved
The initial value should not be changed.

1
0

ICKSH1
ICKSO

0
0

R/W
R/W

Internal Clock Source Select 1, 0

These bits select a clock to be input to the timer counter
(TCNT) and a count condition together with bits CKS2 to
CKSO0 in the timer control register (TCR). For details, see
section 13.3.4, Timer Control Register (TCR).
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324 System Control Register 3 (SYSCR3)

SY SCR3 selects the register map and interrupt vector.

Bit Bit Name Initial Value  R/W Description
7 — 0 R/W Reserved

The initial value should not be changed.
6 EIVS* 0 R/W Extended interrupt Vector Select*

Selects compatible mode or extended mode for the
interrupt vector table.

0: H8S/2140B Group compatible vector mode
1: Extended vector mode
For details, see section 5, Interrupt Controller.

5 RELOCATE O

R/W

Register Address Map Select

Selects compatible mode or extended mode for the
register map.

When extended mode is selected for the register
map, CPU access for registers can be controlled
without using the KINWUE bit in SYSCR or the IICE
bit in STCR to switch the registers to be accessed.

0: H8S/2140B Group compatible register map mode
1: Extended register map mode

For details, see section 25, List of Registers.

4t00 — AllO

R/W

Reserved

The initial value should not be changed.

Note: * Switch the modes when an interrupt occurrence is disabled.
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3.3 Operating Mode Descriptions

331 Mode 2

The CPU can access a 16-Mbyte address space in either advanced mode or single-chip mode. The
on-chip ROM is enabled.

3.3.2 Mode 3

The CPU can access a 64-kbyte address space in either normal mode or single-chip mode. The on-
chip ROM is enabled. The size of ROM and RAM that can be used in mode 3 is 56 kbytes and 4
kbytes, respectively.

34 AddressMap

Figures 3.1 shows the address map in each operating mode.
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Mode 2 (EXPE = 0)
Advanced mode
Single-chip mode

ROM: 1 Mbyte RAM: 8 kbytes

H'000000
On-chip ROM
H'OFFFFF
H'FF0000
Reserved area
H'FFDO7F
H'FFD080
On-chip RAM
8064 bytes
H'FFEFFF
H'FFF800
Internal I/O registers 3
H'FFFE4F
H'FFFE50
Internal I/O registers 2
H'FFFEFF
HFFFF00 On-chip RAM
128 bytes
H'FFFF7F
H'FFFF80
Internal I/O registers 1
H'FFFFFF

H'0000

H'DFFF

H'E080

HEFFF

H'F800

HFE4F
HFES0

H'FEFF
H'FF0O0

HFF7F
H'FF80

HFFFF

Mode 3 (EXPE = 0)
Normal mode
Single-chip mode

ROM: 56 kbytes RAM: 4 kbytes

On-chip ROM

On-chip RAM
3968 bytes

Internal I/O registers 3

Internal I/O registers 2

On-chip RAM
128 bytes

Internal I/O registers 1

Figure3.1 AddressMap
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, interrupt, direct transition, or
trap instruction. Exception handling is prioritized as shown in table 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority.

Table4.1 Exception Typesand Priority

Priority Exception Type

Start of Exception Handling

High Reset

A

Starts immediately after a low-to-high transition of the RES
pin, or when the watchdog timer overflows.

Interrupt

Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.
Interrupt detection is not performed on completion of ANDC,
ORC, XORC, or LDC instruction execution, or on
completion of reset exception handling.

Direct transition

Starts when a direct transition occurs as the result of
SLEEP instruction execution.

Trap instruction

Low

Started by execution of a trap (TRAPA) instruction. Trap
instruction exception handling requests are accepted at all
times in the program execution state.
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4.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to exception sources. Table 4.2 and table 4.3 list the
exception sources and their vector addresses. The EIV S bit in the system control register 3
(SY SCR3) alows the selection of the H8S/2140B Group compatible vector mode or extended
vector mode.

Table4.2 Exception Handling Vector Table

(H85/2140B Group Compatible Vector Mode)

Vector Addresses

Vector
Exception Source Number Normal Mode Advanced Mode
Reset 0 H'0000 to H'0001 H'000000 to H'000003
Reserved for system use 1| H'0002 to H'0003 H'000004 to H'000007
5 H'000A tc|> H'000B H'000014 to H'000017
Direct transition 6 H'000C to H'000D H'000018 to H'00001B
External interrupt (NMI) 7 H'000E to H'000F H'00001C to H'00001F
Trap instruction (four sources) 8 H'0010 to H'0011 H'000020 to H'000023
9 H'0012 to H'0013 H'000024 to H'000027
10 H'0014 to H'0015 H'000028 to H'00002B
11 H'0016 to H'0017 H'00002C to H'00002F
Reserved for system use 1|2 H'0018 to H'0019 H'000030 to H'000033
15 H'001E t(|) H'001F H'00003C to H'00003F
External interrupt  IRQO 16 H'0020 to H'0021 H'000040 to H'000043
IRQ1 17 H'0022 to H'0023 H'000044 to H'000047
IRQ2 18 H'0024 to H'0025 H'000048 to H'00004B
IRQ3 19 H'0026 to H'0027 H'00004C to H'00004F
IRQ4 20 H'0028 to H'0029 H'000050 to H'000053
IRQ5 21 H'002A to H'002B H'000054 to H'000057
IRQS, 22 H'002C to H'002D H'000058 to H'00005B
KIN7 to KINO
IRQ7, 23 H'002E to H'002F H'00005C to H'00005F
KIN15 to KINS,
WUE? to WUEO
Internal interrupt* 2|4 H'0030 to H'0031 H'000060 to|H'000063
29 H'003A to H'003B H'000074 to H'000077
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Vector Addresses

Vector
Exception Source Number Normal Mode Advanced Mode
Reserved for system use 30 H'003C to H'003D H'000078 to H'00007B
Reserved for system use 31 H'003E to H'003F H'00007C to H'00007F
Reserved for system use 32 H'0040 to H'0041 H'000080 to H'000083
External interrupt WUE15 to WUE8 33 H'0042 to H'0043 H'000084 to H'000087
Internal interrupt* 3|4 H'0044 t(T H'0045 H'000088 to|H'000088
55 H'006E to H'006F H'0000DC to H'0000DF
External interrupt IRQ8 56 H'0070 to H'0071 H'0000EO to H'0000E3
IRQ9 57 H'0072 to H'0073 H'0000E4 to H'O000E7
IRQ10 58 H'0074 to H'0075 H'0000E8 to H'0000EB
IRQ11 59 H'0076 to H'0077 H'0000EC to H'0000EF
IRQ12 60 H'0078 to H'0079 H'0000FO0 to H'0000F3
IRQ13 61 H'007A to H'007B H'0000F4 to H'0000F7
IRQ14 62 H'007C to H'007D H'0000F8 to H'0000FB
IRQ15 63 H'007E to H'007F H'0000FC to H'0000FF
Internal interrupt* 6|4 H'0080 tc|> H'0081 H'000100 to|H'000103
127 H'0O0FE to H'00OFF H'0001FC to H'0001FF

Note: * For details on the internal interrupt vector table, see section 5.5, Interrupt Exception
Handling Vector Table.
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Vector
Number

Exception Handling Vector Table (Extended Vector Mode)

Vector Addresses

Normal Mode

Advanced Mode

H'0000 to H'0001

H'000000 to H'000003

H'0002 to H'0003

|
H'000A to H'000B

H'000004 to H'000007

I
H'000014 to H'000017

H'000C to H'000D

H'000018 to H'00001B

H'000E to H'000F

H'00001C to H'00001F

H'0010 to H'0011
H'0012 to H'0013
H'0014 to H'0015
H'0016 to H'0017

H'000020 to H'000023
H'000024 to H'000027
H'000028 to H'00002B
H'00002C to H'00002F

H'0018 to H'0019

|
H'001E to H'001F

H'000030 to H'000033

I
H'00003C to H'00003F

H'0020 to H'0021

H'0022 to H'0023
H'0024 to H'0025
H'0026 to H'0027
H'0028 to H'0029
H'002A to H'002B
H'002C to H'002D
H'002E to H'002F

H'000040 to H'000043
H'000044 to H'000047
H'000048 to H'00004B
H'00004C to H'00004F
H'000050 to H'000053
H'000054 to H'000057
H'000058 to H'00005B
H'00005C to H'00005F

Table4.3
Exception Source
Reset 0
Reserved for system use 1|
5
Direct transition 6
External interrupt (NMI) 7
Trap instruction (four sources) 8
9
10
11
Reserved for system use 1|2
15
External interrupt IRQO 16
IRQ1 17
IRQ2 18
IRQ3 19
IRQ4 20
IRQ5 21
IRQ6 22
IRQ7 23
Internal interrupt* 2|4
29

H'0030 to H'0031

H'003A to H'003B

H'000060 to H'000063
|
H'000074 to H'000077

External interrupt
External interrupt
External interrupt
External interrupt

KIN7 to KINO 30
KIN15 to KIN8 31
WUE7 to WUEO 32
WUE15 to WUE8 33

H'003C to H'003D
H'003E to H'003F
H'0040 to H'0041

H'0042 to H'0043

H'000078 to H'00007B
H'00007C to H'00007F
H'000080 to H'000083
H'000084 to H'000087
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Vector Vector Addresses
Exception Source Number Normal Mode Advanced Mode
Internal interrupt* 3|4 H'0044 tc|> H'0045 H'000088 to H'00008B
55 H'006E to H'006F H'0000DC to H'0000DF
External interrupt IRQ8 56 H'0070 to H'0071 H'0000EO to H'0000E3
IRQ9 57 H'0072 to H'0073 H'0000E4 to H'0000E7
IRQ10 58 H'0074 to H'0075 H'0000ES8 to H'0000EB
IRQ11 59 H'0076 to H'0077 H'0000EC to H'0000EF
IRQ12 60 H'0078 to H'0079 H'0000F0 to H'0000F3
IRQ13 61 H'007A to H'007B H'0000F4 to H'0000F7
IRQ14 62 H'007C to H'007D H'0000F8 to H'0000FB
IRQ15 63 H'007E to H'007F H'0000FC to H'0000FF
Internal interrupt* 6|4 H'0080 tCT H'0081 H'000100 to|H'000103
127 H'0O0FE to H'00FF H'0001FC to H'0001FF

Note: * For details on the internal interrupt vector table, see section 5.5, Interrupt Exception
Handling Vector Table.
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4.3 Reset

A reset has the highest exception priority. When the RES pin goes low, all processing halts and
this LSI entersthe reset state. To ensure that this LS| is reset, hold the RES pin low for at least 20
ms at power-on. To reset the chip during operation, hold the RES pin low for at least 20 states. A
reset initializes the internal state of the CPU and the registers of on-chip periphera modules. The
chip can a'so be reset by overflow of the watchdog timer. For details, see section 14, Watchdog
Timer (WDT).

431 Reset Exception Handling

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

1. Theinternal state of the CPU and the registers of the on-chip peripheral modules are initialized
and thel bitin CCRisset to 1.

2. Thereset exception handling vector addressis read and transferred to the PC, and then
program execution starts from the address indicated by the PC.

Figure 4.1 shows an example of the reset sequence.
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Vector Internal Prefetch of first
fetch processing program instruction

X
m
(2]

T
Internal address bus D( My X (ML D( @) X:

Internal read signal

Internal write signal ! High : h |
Internal data bus i 2 ; ' 4
: ; (AL} : )

(1) Reset exception handling vector address (1) U = H'000000 (1) L = H'000002
(2) Start address (contents of reset exception handling vector address)

(3) Start address ((3) = (2)U + (2)L)

(4) First program instruction

Figure4.1 Reset Sequence (Mode 2)

432 Interrupts Immediately after Reset

If an interrupt is accepted immediately after areset and before the stack pointer (SP) isinitialized,
the PC and CCR will not be saved correctly, leading to a program crash. To prevent this, all
interrupt requests, including NMI, are disabled immediately after areset. Since the first instruction
of aprogram is always executed immediately after areset, make sure that thisinstruction
initializes the SP (example: MOV.L #xx: 32, SP).

433 On-Chip Peripheral Modules after Reset is Cancelled

After areset is cancelled, the module stop control registers (MSTPCRH, MSTPCRL, and
MSTPCRA) are initialized, and all modules except the DTC operate in modul e stop mode.
Therefore, the registers of on-chip peripheral modules cannot be read from or written to. To read
from and write to these registers, clear module stop mode. For details on module stop mode, see
section 24, Power-Down Modes.
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4.4 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The sourcesto start interrupt exception
handling are external interrupt sources (NMI, IRQ15 to IRQO, KIN15 to KINO, and WUE15 to
WUEQ) and internal interrupt sources from the on-chip peripheral modules. NMI is an interrupt
with the highest priority. For details, see section 5, Interrupt Controller.

Interrupt exception handling is conducted as follows:

1. Thevaluesin the program counter (PC) and condition code register (CCR) are saved in the
stack.

2. A vector address corresponding to the interrupt source is generated, the start addressis loaded
from the vector table to the PC, and program execution starts from that address.

4.5 Trap Instruction Exception Handling

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

Trap instruction exception handling is conducted as follows:

1. Thevauesin the program counter (PC) and condition code register (CCR) are saved in the
stack.

2. A vector address corresponding to the interrupt source is generated, the start addressis loaded
from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table corresponding to a vector
number from 0 to 3, as specified in the instruction code.

Table 4.4 shows the status of CCR after execution of trap instruction exception handling.

Table4.4 Statusof CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode | ul
0 Setto 1 Retains value prior to execution
1 Setto 1 Setto 1
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4.6 Stack Status after Exception Handling

Figure 4.2 shows the stack after completion of trap instruction exception handling and interrupt

exception handling.

SP — CCR

Normal mode

N— —

CCR*

PC

(16 bits)

N~ —

Note: * Ignored on return.

Advanced mode

N——

CCR

..... PC  ----A

N~ —

Figure4.2 Stack Statusafter Exception Handling

RENESAS
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4.7 Usage Note

When accessing word data or longword data, this LS| assumes that the lowest address bit is 0. The
stack should always be accessed in words or longwords, and the value of the stack pointer (SP:
ER7) should always be kept even.

Use the following instructions to save registers:

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

Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to a malfunction. Figure 4.3 shows an exampl e of what
occurs when the SP value is odd.

CCR SP — R1L H'FFEFFA

SP — H'FFEFFB

H'FFEFFC

PC PC H'FFEFFD

s~ |4 T T H'FFEFFF

TRAPA instruction executed MOV.B RiL, @-ER7
—_— —_—
SP set to H'FFEFFF Data saved above SP Contents of CCR lost

[Legend]

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

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

Figure4.3 Operation when SP Value IsOdd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

Two interrupt control modes can be set by means of the INTM1 and INTMO bits in the system
control register (SY SCR).

Priorities settable with ICR

An interrupt control register (ICR) is provided for setting in each module interrupt priority
levelsfor al interrupt requests excluding NMI and address breaks.

Three-level interrupt mask control

By means of the interrupt control mode, | and Ul bitsin CCR and ICR, 3-level interrupt mask
control is performed.

Independent vector addresses

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

Forty-nine external interrupt pins

NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling-edge, rising-edge, or both-edge detection, or level
sensing, can be independently selected for IRQ15 to IRQO0. When the EIVS bit in the system
control register 3 (SY SCR3) is cleared to 0, the IRQG interrupt is generated by IRQ6 or KIN7
to KINO. The IRQ7 interrupt is generated by IRQ7, KIN15 to KINS, or WUE7 to WUEQ.
When the EIV S bit in the system control register 3 (SYSCRS3) isset to 1, an interrupt is
requested at the falling edge of KIN15 to KINO and WUE15 to WUEQ.

DTC control
The DTC can be activated by an interrupt request.
Two interrupt vector addresses are selectable

H8S/2140B Group compatible interrupt vector addresses or extended interrupt vector
addresses are selected depending on the EIVS bit in system control register 3 (SYSCRS3). In
extended mode, independent vector addresses are assigned for the interrupt vector addresses of
KIN7 to KINO, KIN15 to KIN8, and WUE7 to WUEQ interrupts.

General ports for IRQ15 to IRQO input are selectable
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EIVS
|SYSCR3|I
| INTM1, INTMO
[ syscr]
NMIEG ‘ ‘
NMI input NMI input
; — IRQ input L
IRQ input — ISR
ISCR Priority level
determination
KMIMR UEMR|
KIN input — KIN, WUE
WUE input input

Internal interrupt sources

SWDTEND to IBFI3

Legend:

ICR : Interrupt control register

ISCR : IRQ sense control register

IER : IRQ enable register

ISR : IRQ status register

KMIMR : Keyboard matrix interrupt mask register

WUEMR : Wake-up event interrupt mask register
: System control register

SYSCR

Interrupt controller

Interrupt
request

Vector number

CPU

ICR

SYSCRS : System control register 3

|CCR|

Figure5.1 Block Diagram of Interrupt Controller

REJ09B0098-0300
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5.2 I nput/Output Pins

Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Pin Configuration

Symbol I/O Function
NMI Input Nonmaskable external interrupt pin

Rising edge or falling edge can be selected
IRQ15 to IRQO, Input Maskable external interrupt pins

ExIRQ15 to ExIRQO

Rising-edge, falling-edge, or both-edge detection, or level-
sensing, can be selected individually for each pin. To which
pin the IRQ15 to IRQO interrupt is input can be selected from
the IRQnN and ExIRQn pins. (n = 15 to 0)

KIN15 to KINO Input Maskable external interrupt pins
When EIVS = 0, falling-edge or level-sensing can be selected.
When EIVS = 1, an interrupt is requested at the falling edge.
WUE15 to WUES Input Maskable external interrupt pins
An interrupt is requested at the falling edge.
WUE?7 to WUEDO Input Maskable external interrupt pins

When EIVS = 0, falling-edge or level-sensing can be selected.
When EIVS = 1, an interrupt is requested at the falling edge.
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5.3 Register Descriptions

The interrupt controller has the following registers. For details on the system control register
(SYSCR), see section 3.2.2, System Control Register (SY SCR). For details on system control
register 3 (SY SCR3), see section 3.2.4, System Control Register 3 (SY SCR3).

Interrupt control registers A to D (ICRA to ICRD)

Address break control register (ABRKCR)

Break address registers A to C (BARA to BARC)

IRQ sense control registers (ISCR16H, ISCR16L, ISCRH, ISCRL)
IRQ enable registers (IER16, IER)

IRQ status registers (I1SR16, | SR)

Keyboard matrix interrupt mask registers (KMIMRA, KMIMR)
Wake-up event interrupt mask registers (WUEMR, WUEMRB)
IRQ sense port select registers (ISSR16, 1SSR)
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531 Interrupt Control Registers A toD (ICRA to ICRD)

The ICR registers set interrupt control levels for interrupts other than NMI. The correspondence
between interrupt sources and ICRA to ICRD settings is shown in tables 5.2 and 5.3.

Bit Bit Name Initial Value R/W Description
7t00 ICRn7to All O R/W Interrupt Control Level
ICRnO

0: Corresponding interrupt source is interrupt
control level O (no priority)

1: Corresponding interrupt source is interrupt
control level 1 (priority)

Note: n: AtoD

Table5.2 Correspondence between Interrupt Sourceand | CR (H85/2140B Group
Compatible Vector Mode: EIVS=0)

Register
Bit Bit Name ICRA ICRB ICRC ICRD
7 ICRn7 IRQO A/D converter — IRQ8 to IRQ11
6 ICRn6 IRQ1 FRT SCI_1 IRQ12 to IRQ15
5 ICRNn5 IRQ2, IRQ3 — SCI_2 —
4 ICRn4 IRQ4, IRQ5 — IIC_0 WUES8 to WUE15
3 ICRn3 IRQ6, IRQ7 TMR_O0 IIC_1 TPU_O
2 ICRn2 DTC TMR_1 — TPU_1
1 ICRn1 WDT_0 TMR_X, TMR_Y LPC TPU_2
0 ICRNnO WDT_1 KBU — —

Note: n: AtoD
—: Reserved. The initial value should not be changed.
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Table5.3 Correspondence between Interrupt Sourceand ICR

(Extended Vector Mode: EIVS=1)

Register
Bit Bit Name ICRA ICRB ICRC ICRD
7 ICRNn7 IRQO A/D converter — IRQ8 to IRQ11
6 ICRn6 IRQ1 FRT SCI_1 IRQ12 to IRQ15
5 ICRn5 IRQ2, IRQ3 — SCI_2 KINO to KIN15
4 ICRn4 IRQ4, IRQ5 — lIC_0 WUEO to WUE15
3 ICRNn3 IRQ6, IRQ7 TMR_O Ic_1 TPU channel 0
2 ICRn2 DTC TMR_1 — TPU channel 1
1 ICRn1 WDT_0 TMR_X, TMR_Y LPC TPU channel 2
0 ICRnO WDT_1 KBU — —

Note: n: AtoD

—: Reserved. The initial value should not be changed.
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532 Address Break Control Register (ABRKCR)

ABRKCR controls the address breaks. When both the CMF flag and BIE bit are set to 1, an
address break is requested.

Bit Bit Name Initial Value R/W  Description
7 CMF Undefined R Condition Match Flag

Address break source flag. Indicates that an
address specified by BARA to BARC is
prefetched.

[Clearing condition]

When an exception handling is executed for an
address break interrupt.

[Setting condition]

When an address specified by BARA to BARC is
prefetched while the BIE bit is set to 1.

6to1 — AllO R Reserved

These bits are always read as 0 and cannot be
modified.

0 BIE 0 R/W  Break Interrupt Enable
Enables or disables address break.
0: Disabled
1: Enabled
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533  Break AddressRegistersA to C (BARA to BARC)

The BAR registers specify an address that isto be a break address. An address in which the first
byte of an instruction exists should be set as a break address. In normal mode, addresses A23 to
A16 are not compared.

e BARA

Bit Bit Name Initial Value R/W  Description

7t00 A23to A16 AllO R/W  Addresses 23 to 16
The A23 to A16 bits are compared with A23 to
A16 in the internal address bus.

e BARB

Bit Bit Name Initial Value R/W  Description

7t00 A15t0 A8 AllO R/W  Addresses 1510 8
The A15 to A8 bits are compared with A15 to A8
in the internal address bus.

e BARC

Bit Bit Name Initial Value R/W  Description

7to1 A7to Al AllO R/W  Addresses 7 to 1
The A7 to A1 bits are compared with A7 to A1 in
the internal address bus.

0 — 0 R Reserved
This bit is always read as 0 and cannot be
modified.
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534

IRQ Sense Control Registers (ISCR16H, ISCR16L, ISCRH, ISCRL)

The ISCR registers select the source that generates an interrupt request at pinsIRQ15 to IRQO or

W 00: Interrupt request generated at low level of IRQnN

/W 01: Interrupt request generated at falling edge of

pins ExXIRQ15 to EXIRQO.

e |SCR16H

Bit Bit Name Initial Value R/W Description

76 IRQ15SCBIR 00 R/WR IRQn Sense Control B
Q15SCA /W IRQnN Sense Control A

54 IRQ14SCBIR 00 R/WR BA
Q14SCA

32 IRQ13SCBIR 00 R/WR or ExIRQn input
Q13SCA

10 IRQ12SCBIR 00 RWR  IRQnor ExIRQn input
Q12SCA

W 10: Interrupt request generated at rising edge of
IRQnN or ExIRQnN input

11: Interrupt request generated at both falling and
rising edges of IRQn or ExIRQn input

(n=151t012)

Note: The IRQn or ExIRQn pin is selected by IRQ
sense port select register 16 (ISSR16).
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e |ISCRI16L
Bit Bit Name Initial Value R/W Description
7 IRQ11SCB 0 R/W IRQn Sense Control B
6 IRQ11SCA 0 rw |RQn Sense Control A
5  IRQI0SCB 0 Rw BA
4 IRQ10SCA 0 RIW 00: Interrupt request generated at low level of IRQnN
or ExIRQn input
3 IRQSSCB 0 RIW 01: Interrupt request generated at falling edge of
2 IRQ9SCA 0 R/W IRQnN or ExIRQnN input
1 IRQ8SCB 0 R/W  10: Interrupt request generated at rising edge of
0 IRQ8SCA 0 R/W IRQnN or ExIRQnN input
11: Interrupt request generated at both falling and
rising edges of IRQn or ExIRQn input
(n=11to0 8)
Note: The IRQn or ExIRQn pin is selected by IRQ
sense port select register 16 (ISSR16).
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e |SCRH
Bit Bit Name Initial Value R/W Description
7 IRQ7SCB 0 R/W IRQn Sense Control B
6 IRQ7SCA 0 R/W IRQnN Sense Control A
5  IRQ6SCB 0 rw BA L
4 IRQ6SCA 0 RIW 00: ?:(E;lljggﬁcl]:pe:tt generated at low level of IRQnN
3 IRQ5SCB 0 RIW 01: Interrupt request generated at falling edge of
2 IRQ5SCA 0 R/W IRQnN or ExIRQnN input
1 IRQ4SCB 0 R/W  10: Interrupt request generated at rising edge of
0 IRQ4SCA 0 R/W IRQnN or ExIRQnN input
11: Interrupt request generated at both falling and
rising edges of IRQn or ExIRQn input
(n=7to4)
Note: The IRQn or ExIRQn pin is selected by the
IRQ sense port select register (ISSR).
e |SCRL
Bit Bit Name Initial Value R/W Description
7 IRQ3SCB 0 R/W  IRQn Sense Control B
6 IRQ3SCA 0 /W IRQnN Sense Control A
5 IRQ2SCB 0 R/W BA
4 IRQ2SCA 0 R/W 00: Interrupt request generated at low level of IRQn
3 IRQ1SCB 0 R/W or ExIRQn input
> IRQ1SCA 0 R/W 01: Ilr;:grr:ugrt I;i?;gsr: ignepnutirated at falling edge of
1 IRQOSCB 0 R/W 10: Interrupt request generated at rising edge of
0 IRQOSCA 0 R/W IRQnN or ExIRQnN input
11: Interrupt request generated at both falling and
rising edges of IRQn or ExIRQN input
(n=31t00)
Note: The IRQn or EXIRQn pin is selected by the
IRQ sense port select register (ISSR).
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535  IRQ Enable Registers (IER16, IER)

The |ER registers enable and disable interrupt requests IRQ15 to IRQO.

e |ER16

Bit Bit Name Initial Value R/W Description

7 IRQ15E 0 R/W IRQn Enable

6 IRQ14E 0 R/W The IRQn interrupt request is enabled when this bit
5 IRQ13E 0 rw ST

4 IRQ12E 0 rw (n=15t08)

3 IRQ11E 0 R/W

2 IRQ10E 0 R/W

1 IRQ9E 0 R/W

0 IRQ8E 0 R/W

e |ER

Bit Bit Name Initial Value R/W Description

7 IRQ7E 0 R/W IRQN Enable

6 IRQ6E 0 R/W The IRQn interrupt request is enabled when this bit
5 IRQS5E 0 rRw st

4 IRQ4E 0 rw (=710

3 IRQ3E 0 R/W

2 IRQ2E 0 R/W

1 IRQ1E 0 R/W

0 IRQOE 0 R/W
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536  |IRQ StatusRegisters (ISR16, I SR)

The ISR registers are flag registers that indicate the status of IRQ15 to IRQO interrupt requests.

e |SR16

Bit Bit Name Initial Value R/W Description

7 IRQ15F 0 R/(W)* [Setting condition]

6 IRQ14F 0 R/(W)* When the interrupt source selected by the ISCR16

5 IRQ13F 0 R/(W)* registers occurs

4 IRQ12F 0 R/(W)* [Clearing conditions]

3 IRQ11F 0 R/(W)* ® When writing 0 to IRQnNF flag after reading

2 IRQ10F 0 R/(W)* IRQnF =1

1 IRQOF 0 R/(W)* e When interrupt exception handling is executed
when low-level detection is set and IRQn or

0 IRQ8F 0 R/(W)*

ExIRQn input is high

¢ When IRQn interrupt exception handling is
executed when falling-edge, rising-edge, or
both-edge detection is set

(n=151t08)

Note: The IRQn or ExIRQnN pin is selected by IRQ
sense port select register 16 (ISSR16).

Note: * Only 0 can be written for clearing the flag.
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e ISR

Bit Bit Name Initial Value R/W Description

7 IRQ7F 0 R/(W)* [Setting condition]

6 IRQ6F 0 R/(W)* When the interrupt source selected by the ISCR

5 IRQ5F 0 R/(W)* registers occurs

4 IRQ4FE 0 R/(W)* [Clearing conditions]

3 IRQ3F 0 RI(W)* ® When writing 0 to IRQnNF flag after reading

2 IRQ2F 0 R(wyr  'RQnF=1

1 IRQ1F 0 R/(W)* e When interrupt exception handling is executed
when low-level detection is set and IRQn or

0 IRQOF 0 R/(W)*

ExIRQn input is high

¢ When IRQn interrupt exception handling is
executed when falling-edge, rising-edge, or
both-edge detection is set

(n=7100)

Note: The IRQn or ExIRQn pin is selected by the
IRQ sense port select register (ISSR).

Note: * Only 0 can be written for clearing the flag.
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5.3.7 Keyboard Matrix Interrupt Mask Registers (KMIMRA, KMIMR)
Wake-Up Event Interrupt Mask Registers (WUEMR, WUEM RB)

The KMIMR and WUEMR registers enable or disable key-sensing interrupt inputs (KIN15 to
KINO) and wake-up event interrupt inputs (WUE15 to WUEO).

¢ KMIMRA

Bit Bit Name Initial Value R/W Description

7 KMIMR15 1 R/W Keyboard Matrix Interrupt Mask

6 KMIMR14 1 R/W These bits enable or disable a key-sensing input

5 KMIMR13 1 R/W interrupt request (KIN15 to KINS).

4 KMIMR12 1 R/W 0: Enables a key-sensing input interrupt request

3 KMIMR11 1 R/W 1: Disables a key-sensing input interrupt request

2 KMIMR10 1 R/W

1 KMIMR9 1 R/W

0 KMIMRS8 1 R/W

¢ KMIMR

Bit Bit Name Initial Value R/W Description

7 KMIMR7 1 R/W Keyboard Matrix Interrupt Mask

6 KMIMR6 0 R/W These bits enable or disable a key-sensing input

5 KMIMRS5 1 R/W interrupt request (KIN7 to KINO).

4 KMIMR4 1 R/W 0: Enables a key-sensing input interrupt request

3 KMIMR3 1 R/W 1: Disables a key-sensing input interrupt request

2 KMIMR2 1 R/W When the EIVS bit in SYSCRS is cleared to 0, the
KMIMRS bit also simultaneously controls enabling

1 KMIMRT 1 R/W and disabling of the IRQ®6 interrupt request. In this

0 KMIMRO 1 R/W case, the initial value of the KMIMR® bit is 0. When

the EIVS bit is set to 1, the initial value of the
KMIMRG®6 bit becomes 1.
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¢ WUEMR

Bit Bit Name Initial Value R/W Description

7 WUEMR15 1 R/W  Wake-Up Event Interrupt Mask

6 WUEMR14 1 R/W  These bits enable or disable a wake-up event input
5 WUEMR13 1 R/W interrupt request (WUE15 to WUES).

4 WUEMR12 1 R/W 0: Enables a wake-up event input interrupt request
3 WUEMR11 1 R/W 1: Disables a wake-up event input interrupt request
2 WUEMR10 1 R/W

1 WUEMR9 1 R/W

0 WUEMRS8 1 R/W

o« WUEMRB

Bit Bit Name Initial Value R/W Description

7 WUEMR7 1 R/W  Wake-Up Event Interrupt Mask

6 WUEMR6 1 R/W  These bits enable or disable a wake-up event input
5 WUEMR5 1 R/W interrupt request (WUE7 to WUEDQ).

4 WUEMR4 1 R/W 0: Enables a wake-up event input interrupt request
3 WUEMR3 1 R/W 1: Disables a wake-up event input interrupt request
2 WUEMR2 1 R/W

1 WUEMR1 1 R/W

0 WUEMRO 1 R/W

Figure 5.2 shows the relation between the IRQ7 and IRQ6 interrupts, KIN15 to KINO interrupts,
WUE? to WUEQ interrupts, KMIMR, KMIMRA, and WUEMRB in H8S/2140B Group
compatible vector mode. The relation in extended vector mode is shown in figure 5.3.
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KMIMRO (Initial value of 1)
P60/KINO

KMIMRS (Initial value of 1)
P65/KIN5

KMIMRG (Initial value of 0)
P66/KIN6/IRQ6

IRQ6 internal Edao-level select
signal ge-level selection .
g enable/disable —— IRQ6 interrupt

circuit

KMIMRY (Initial value of 1)
P67/KIN7/IRQ7

P42/ExIRQ7

KMIMRS (Initial value of 1)

IRQ?7 internal
PAO/KIN8 signal Edge-level selection )
| enable/disable —— IRQ7 interrupt
KMIMR (Initial value of 1) circuit

PA1/KIN9 —

WUEMRY (Initial value of 1)— ¢
PB7/WUE7 _'_3:)—

Note: The ISS7 bit is an external interrupt pin switch bit. For details, see section 5.3.8,
IRQ Sence Port Select Register 16 (ISSR16), IRQ Sense Port Select Register (ISSR).

Figure5.2 Relation between IRQ7 and IRQ6 Interrupts, KIN15 to KINO I nterrupts,
WUE? to WUEQ Interrupts, KMIMR, KMIMRA, and WUEMRB
(H85/2140B Group Compatible Vector Maode: EIVS = 0)

In H8S/2140B Group compatible vector mode, interrupt input from the IRQ7 pin is ignored when
even one of the KMIMR15 to KMIMR8 and WUEMRY7 to WUEMRO bitsis cleared to O. If the
KIN7 to KINO pins or KIN15 to KINS pins, and WUE7 to WUEO pins are specified to be used as
key-sensing interrupt input pins and wake-up event interrupt input pins, the interrupt sensing
condition for the corresponding interrupt source (IRQ6 or IRQ7) must be set to low-level sensing
or falling-edge sensing. Note that interrupt input cannot be made from the ExIRQ6 pin.
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KMIMRQ (Inmal value of 1
P60/KIN )

KMI \ABS (Inmal value of 1
P65/K )

Initial value of 1)
P66/KIN6 IRQ6

KIN internal
signal

P52/EXIRQ6

KMIMRY (Initial value of 1
P67/KIN7/IRQ7 )

Falling-edge
detection circuit

KIN interrupt
(KIN7 to KINO)

Edge-level selection
enable/disable
circuit

—— IRQ6 interrupt

P42/ExIRQ7 1887

KMIMBB (Inmal value of 1
PAO/KIN )

KMIMR15 (Initial value of 1
PA7/KIN15 )

\éVBUOEMRO (Initial value of 1)

WUEMR15 g nitial value of 1
PC7/WUEHA )

signal

signal

signal

Edge-level selection
enable/disable
circuit

—— IRQ7 interrupt

KINA internal

Falling-edge
detection circuit

KINA interrupt
(KIN15 to KIN8)

WUEB internal

Falling-edge
detection circuit

WUERB interrupt
(WUE? to WUEO)

WUE internal

Falling-edge
detection circuit

WUE interrupt
(WUE15 to WUES8)

Note: The ISS7 bit is an external interrupt pin switch bit. For details, see section 5.3.8,
IRQ Sence Port Select Register 16 (ISSR16), IRQ Sense Port Select Register (ISSR).

Figure5.3 Relation between IRQ7 and IRQ6 Interrupts, KIN15 to KINO I nterrupts,
WUE7 to WUEQ Interrupts, KMIMR, KMIMRA, and WUEMRB
(Extended Vector Mode: EIVS=1)

In extended vector mode, the initial value of the KMIMRS bit is 1. Accordingly, it does not enable
of disable the IRQG6 pin interrupt. The interrupt input from the ExIRQ6 pin becomes the IRQ6

interrupt request.
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538 IRQ Sense Port Select Register 16 (1SSR16), IRQ Sense Port Select Register (1 SSR)

ISSR16 and ISSR select the IRQ15 to IRQO interrupt external input from IRQ15 to IRQO pins and
ExIRQ15 to EXIRQO pins.

e [SSR16

Bit Bit Name Initial Value R/W Description

7 ISS15 0 R/W 0: P97/IRQ15 is selected

1: PG7/ExIRQ15 is selected
6 ISS14 0 R/W 0: P95/IRQ14 is selected

1: PG6/ExIRQ14 is selected
5 ISS13 0 R/W  0: P94/IRQ13 is selected

1: PG5/ExIRQ13 is selected
4 ISS12 0 R/W 0: P93/IRQ12 is selected

1: PG4/ExIRQ12 is selected
3 ISS11 0 R/W 0: PF3/IRQ11 is selected

1: PG3/ExIRQ11 is selected
2 1ISS10 0 R/W 0: PF2/IRQ10 is selected

1: PG2/ExIRQ10 is selected
1 ISS9 0 R/W 0: PF1/IRQ9 is selected

1: PG1/ExIRQ9 is selected
0 1ISS8 0 R/W 0: PFO/IRQS8 is selected

1: PGO/ExIRQS is selected
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e [SSR

Bit Bit Name Initial Value R/W Description

7 ISS7 0 R/W 0: P67/IRQ7 is selected
1: P42/ExIRQY7 is selected
6 — 0 R/W Reserved

The initial values should not be changed.

5 ISS5 0 R/W 0: P86/IRQ5 is selected

1: P75/ExIRQ5 is selected
4 ISS4 0 R/W 0: P85/IRQ4 is selected

1: P74/ExIRQ4 is selected
3 ISS3 0 R/W 0: P84/IRQ3 is selected

1: P73/ExIRQ3 is selected
2 1ISS2 0 R/W 0: P9O/IRQ2 is selected

1: P72/ExIRQ2 is selected
1 ISS1 0 R/W 0: P91/IRQT is selected

1: P71/ExIRQ1 is selected
0 1SS0 0 R/W 0: P92/IRQO is selected

1: P70/ExIRQO is selected
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54 Interrupt Sources

54.1 External Interrupt Sources

The interrupt sources of external interrupts are NMI, IRQ15 to IRQO, KIN15 to KINO and WUE15
to WUEDQ. These interrupts can be used to restore this LS| from software standby mode.

(1) NMI Interrupt

The nonmaskable external interrupt NMI is the highest-priority interrupt, and is always accepted
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SY SCR can be used to select whether an interrupt is requested at arising edge or faling
edge on the NMI pin.

(2) IRQ15t0RQO Interrupts

Interrupts IRQ15 to IRQO are requested by an input signal at pinsIRQ15 to IRQO or pins
ExIRQ15 to EXIRQO. Interrupts IRQ15 to IRQO have the following features:

e Theinterrupt exception handling for interrupt requests IRQ15 to IRQO can be started at an
independent vector address.

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pinsIRQ15 to IRQO or pins EXIRQ15 to EXIRQO.

e Enabling or disabling of interrupt requests IRQ15 to IRQO can be selected with |ER.

e The status of interrupt requests IRQ15 to IRQO isindicated in ISR. ISR flags can be cleared to
0 by software.

When the interrupts are requested while IRQ15 to IRQO interrupt requests are generated at low

level of IRQn input, hold the corresponding IRQ input at low level until the interrupt handling

starts. Then put the relevant IRQ input back to high level within the interrupt handling routine and

clear the IRQnF bit (n=15t0 0) in ISR to 0. If the relevant IRQ input is put back to high level

before the interrupt handling starts, the relevant interrupt may not be executed.

The detection of IRQ15 to IRQO interrupts does not depend on whether the relevant pin has been
set for input or output. Therefore, when apin is used as an external interrupt input pin, clear the
DDR hit of the corresponding port to O so it is not used as an 1/O pin for another function.

A block diagram of interrupts IRQ15 to IRQO is shown in figure 5.4.
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IRQNE
IRQnSCA, IRQnSCB

R ¢ IRQNnF

IRQnN D IRQn interrupt

1SSm Edg_e/levgl . »|s Q request
detection circuit

ExIRQn D R

Clear signal

n=15t00
m=15to7and 5to 0

Note: Switching between the IRQ6 and ExIRQ6 pins is controlled by the EIVS bit in SYSCR3.

Figure5.4 Block Diagram of Interrupts IRQ15 to IRQO

(3) KIN15to KINO Interruptsand WUE15 to WUEQ I nterrupts

Interrupts KIN15 to KINO and WUE15 to WUEQ are requested by an input signal at pins KIN15
to KINO and WUE15 to WUEQ. Interrupts KIN15 to KINO and WUE15 to WUEO have the
following features according to the setting of the EIV S bit in system control register 3 (SY SCR3).

e HB8S/2140B Group compatible vector mode (EIVS =0 in SY SCR3)

— Interrupts WUE7 to WUEQ and KIN15 to KIN8 correspond to interrupt IRQ7, and
interrupts KIN7 to KINO correspond to interrupt |RQ6. The pin conditions for generating
an interrupt request, whether the interrupt request is enabled, interrupt control level setting,
and status of the interrupt request for the above interrupts are in accordance with the
settings and status of the relevant interrupts IRQ7 and IRQ6. Interrupt settings for
interrupts WUE15 to WUES can be made regardless of the settings for interrupts IRQ7 and
IRQS6.

— Enabling or disabling of interrupt requests KIN15 to KINO and WUE15 to WUEOQ can be
selected using KMIMRA, KMIMR, WUEMRB, and WUEMR.

— If the KIN7 to KINO pins or WUEI5 to WUES pins, and WUE7 to WUEO pins are
specified to be used as key-sensing interrupt input pins and wake-up event interrupt input
pins, the interrupt sensing condition for the corresponding interrupt source (IRQ6 or IRQ7)
must be set to low-level sensing or falling-edge sensing.

— When using the IRQ6 pin as the IRQ6 interrupt input pin, the KMIMRS bit must be cleared
to 0. When using the IRQ7 pin as the IRQ7 interrupt input pin, the KMIMR15 to KMIMR8
and WUEMRY7 to WUEMRO bits must al be set to 1. If even one of these bitsis cleared to
0, the IRQ7 interrupt input from the IRQ7 pin is ignored.
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e Extended vector mode (EIVS=1in SYSCR3)

— Interrupts KIN15 to KIN8, KIN7 to KINO, WUE15 to WUES, and WUE?7 to WUEQO each
form agroup. The interrupt exception handling for an interrupt request from the same
group is started at the same vector address.

— Aniinterrupt request is generated by afalling edge at pins KIN15 to KINO and WUE15 to
WUEQ.

— Enabling or disabling of interrupt requests KIN15 to KINO and WUE15 to WUEOQ can be
selected using KMIMRA, KMIMR, WUEMRB, and WUEMR.

— The status of interrupt requests KIN15 to KINO and WUE15 to WUEOQ are not indicated.

— AnIRQ6 interrupt is enabled only by input to the EXIRQ6 pin. The IRQ6 pin isonly
available for aKIN interrupt input, and functions as the KIN6 pin. Theinitial value of the
KMIMRS6 bit is 1. For the IRQ7 interrupt, either the IRQ7 pin or ExXIRQ7 pin can be
selected as the input pin using the |SS7 bit. The IRQ7 interrupt is not affected by the
settings of the KMIMR15 to KMIMR8 and WUEMR?7 to WUEMRO hits.

The detection of interrupts KIN15 to KINO and WUE15 to WUEO does not depend on whether the
relevant pin has been set for input or output. Therefore, when apin is used as an external interrupt
input pin, clear the DDR hit of the corresponding port to 0 so it is not used as an 1/0 pin for
another function.

A block diagram of interrupts KIN15 to KINO and WUE15 to WUEOQ is shown in figure 5.5.

WUEMRnN

Falling-edge s Q—® WUERn interrupt request
detection circuit

o R
WUER input

n=15t08 Clear signal

Figure5.5 Block Diagram of Interrupts KIN15 to KINO and WUE15 to WUEO
(Example of WUE15 to WUES)
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54.2 Internal Interrupt Sources
Internal interrupts issued from the on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that individually select enabling or disabling of these interrupts. When the
enable bit for aparticular interrupt source is set to 1, an interrupt request is sent to the interrupt
controller.

e Thecontrol level for each interrupt can be set by ICR.

e TheDTC can be activated by an interrupt request from an on-chip peripheral module.

e Aninterrupt request that activates the DTC is not affected by the interrupt control mode or the
status of the CPU interrupt mask bits.

55 Interrupt Exception Handling Vector Tables

Tables 5.4 and 5.5 list interrupt exception handling sources, vector addresses, and interrupt
priorities. H8S/2140B Group compatible vector mode or extended vector mode can be selected for
the vector addresses by the EIV S bit in system control register 3 (SY SCR3).

For default priorities, the lower the vector number, the higher the priority. Modules set at the same
priority will conform to their default priorities. Priorities within amodule are fixed.

An interrupt control level can be specified for amodule to which an ICR bit is assigned. Interrupt
requests from modules that are set to interrupt control level 1 (priority) by the interrupt control
level and the | and Ul bitsin CCR are given priority and processed before interrupt requests from
modules that are set to interrupt control level O (no priority).
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Table5.4 Interrupt Sources, Vector Addresses, and Interrupt Priorities
(H85/2140B Group Compatible Vector Mode)

Vector Address

Origin of
Interrupt Vector Normal Advanced
Source Name Number Mode Mode ICR Priority
External pin ~ NMI 7 H'000E H'00001C — High
IRQO 16 H'0020 H'000040 ICRA7 A
IRQ1 17 H'0022 H'000044 ICRA6
IRQ2 18 H'0024 H'000048 ICRA5
IRQ3 19 H'0026 H'00004C
IRQ4 20 H'0028 H'000050 ICRA4
IRQ5 21 H'002A H'000054
IRQ8, KIN7 to KINO 22 H'002C H'000058 ICRA3
IRQ7, KIN15 to KINS, 23 H'002E H'00005C
WUE7 to WUEO
DTC SWDTEND (Software 24 H'0030 H'000060 ICRA2
activation data transfer end)
WDT_O WOVIO (Interval timer) 25 H'0032 H'000064 ICRA1
WDT_1 WOVI1 (Interval timer) 26 H'0034 H'000068 ICRAO
— Address break 27 H'0036 H'00006C —
A/D converter ADI (A/D conversion end) 28 H'0038 H'000070 ICRB7
Reserved for system use 29 H'003A H'000074 —
Reserved for system use 30 H'003C H'000078
Reserved for system use 31 H'003E H'00007C
External pin Reserved for system use 32 H'0040 H'000080 ICRD4
WUE15 to WUE8 33 H'0042 H'000084
TPU_O TGIOA (TGROA input 34 H'0044 H'000088 ICRD3
capture/compare match)
TGIOB (TGROB input 35 H'0046 H'00008C
capture/compare match)
TGIOC (TGROC input 36 H'0048 H'000090
capture/compare match)
TGIOD (TGROD input 37 H'004A H'000094
capture/compare match)
TGIOV (Overflow 0) 38 H'004C H'000098
TPU_1 TGHA (TGR1A input 39 H'004E H'00009C ICRD2
capture/compare match)
TGIB (TGR1B input 40 H'0050 H'0000A0
capture/compare match)
TGI1V (Overflow 1) 41 H'0052 H'0000A4
TGIHU (Underflow 1) 42 H'0054 H'0000A8 Low
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Vector Address

Origin of
Interrupt Vector Normal Advanced
Source Name Number  Mode Mode ICR Priority
TPU_2 TGI2A (TGR2A input 43 H'0056 H'0000AC  ICRD1 High
capture/compare match) A
TGI2B (TGR2B input 44 H'0058 H'0000B0
capture/compare match)
TGI2V (Overflow 2) 45 H'005A H'0000B4
TGI2U (Underflow 2) 46 H'005C H'0000B8
Reserved for system use 47 H'005E H'0000BC
FRT ICIA (Input capture A) 48 H'0060 H'0000CO  ICRB6
ICIB (Input capture B) 49 H'0062 H'0000C4
ICIC (Input capture C) 50 H'0064 H'0000C8
ICID (Input capture D) 51 H'0066 H'0000CC
OCIA (Output compare A) 52 H'0068 H'0000D0
OCIB (Output compare B) 53 H'006A H'0000D4
FOVI (Overflow) 54 H'006C H'0000D8
Reserved for system use 55 H'006E H'0000DC
External pin IRQ8 56 H'0070 H'0000EO ICRD7
IRQ9 57 H'0072 H'0000E4
IRQ10 58 H'0074 H'0000E8
IRQ11 59 H'0076 H'0000EC
IRQ12 60 H'0078 H'0000F0 ICRD6
IRQ13 61 H'007A H'0000F4
IRQ14 62 H'007C H'0000F8
IRQ15 63 H'007E H'0000FC
TMR_0 CMIAO (Compare match A) 64 H'0080 H'000100 ICRB3
CMIBO (Compare match B) 65 H'0082 H'000104
OVIO0 (Overflow) 66 H'0084 H'000108
Reserved for system use 67 H'0086 H'00010C
TMR_1 CMIA1 (Compare match A) 68 H'0088 H'000110 ICRB2
CMIB1 (Compare match B) 69 H'008A H'000114
OVI1 (Overflow) 70 H'008C H'000118
Reserved for system use 71 H'008E H'00011C
TMR_X CMIAY (Compare match A) 72 H'0090 H'000120 ICRB1
TMR_Y CMIBY (Compare match B) 73 H'0092 H'000124
OVIY (Overflow) 74 H'0094 H'000128
ICIX (Input capture) 75 H'0096 H'00012C
CMIAX (Compare match A) 76 H'0098 H'000130
CMIBX (Compare match B) 77 H'009A H'000134
OVIX (Overflow) 78 H'009C H'000138
Reserved for system use 79 H'009E H'00013C —
Reserved for system use 80 H'00AO0 H'000140
Reserved for system use 81 H'00A2 H'000144
Reserved for system use 82 H'00A4 H'000148
Reserved for system use 83 H'00A6 H'00014C
SCI_1 ERI1 (Reception error 1) 84 H'00A8 H'000150 ICRC6
RXI1 (Reception completion 1) 85 H'00AA H'000154
TXI1 (Transmission data empty 1) 86 H'00AC H'000158
TEN (Transmission end 1) 87 H'00AE H'00015C Low
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o Vector Address
Origin of
Interrupt Vector  Normal Advanced
Source Name Number Mode Mode ICR Priority
SCI_2 ERI2 (Reception error 2) 88 H'00B0O H'000160 ICRC5 High
RXI2 (Reception completion 2) 89 H'00B2 H'000164 A
TXI2 (Transmission data empty 2) 90 H'00B4 H'000168
TEI2 (Transmission end 2) 91 H'00B6 H'00016C
IIC_0 IICIO (1-byte transmission/reception 92 H'00B8 H'000170 ICRC4
completion)
Reserved for system use 93 H'00BA H'000174
IIC_1 IICI1 (1-byte transmission/reception 94 H'00BC H'000178 ICRC3
completion)
Reserved for system use 95 H'00BE H'00017C
KBU KBIA (Reception completion A) 96 H'00CO H'000180 ICRBO
KBIB (Reception completion B) 97 H'00C2 H'000184
KBIC (Reception completion C) 98 H'00C4 H'000188
KBTIA (Transmission completion A)/ 99 H'00C6 H'00018C
KBCA (1st KCLKA)
KBTIB (Transmission completion B)/ 100 H'00C8 H'000190
KBCB (1st KCLKB)
KBTIC (Transmission completion C)/ 101 H'00CA H'000194
KBCC (1st KCLKC)
Reserved for system use 102 H'00CC H'000198
Reserved for system use 103 H'00CE H'00019C
LPC Reserved for system use 104 H'00DO H'0001A0 ICRC1
LMCI (LPC/FW command reception 105 H'00D2 H'0001A4
completion)
LMCUI (LPC/FW user command 106 H'00D4 H'0001A8
reception completion)
IBF14 (IDR4 reception completion) 107 H'00D6 H'0001AC
ERR1 (Transfer error, etc.) 108 H'00D8 H'0001B0
IBFI1 (IDR1 reception completion) 109 H'00DA H'0001B4
IBFI2 (IDR2 reception completion) 110 H'00DC H'0001B8
IBFI3 (IDR3 reception completion) 111 H'00DE H'0001BC
Reserved for system use ‘; 12 I|-|'00E0 l|-|'0001 Co —
127 H'00FE H'0001FC Low
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Table5.5 Interrupt Sources, Vector Addresses, and Interrupt Priorities
(Extended Vector M ode)
Origin of Vector Address
Interrupt Vector Normal Advanced
Source Name Number  Mode Mode ICR Priority
External pin ~ NMI 7 H'000E H'00001C — High
IRQO 16 H'0020 H'000040 ICRA7 A
IRQ1 17 H'0022 H'000044 ICRA6
IRQ2 18 H'0024 H'000048 ICRA5
IRQ3 19 H'0026 H'00004C
IRQ4 20 H'0028 H'000050 ICRA4
IRQ5 21 H'002A H'000054
IRQ6 22 H'002C H'000058 ICRA3
IRQ7 23 H'002E H'00005C
DTC SWDTEND (Software 24 H'0030 H'000060 ICRA2
activation data transfer end)
WDT_0 WOVIO (Interval timer) 25 H'0032 H'000064 ICRA1
WDT_1 WOVI1 (Interval timer) 26 H'0034 H'000068 ICRAO
— Address break 27 H'0036 H'00006C —
A/D converter ADI (A/D conversion end) 28 H'0038 H'000070 ICRB7
Reserved for system use 29 H'003A H'000074 —
External pin ~ KIN7 to KINO 30 H'003C H'000078 ICRD5
KIN15 to KIN8 31 H'003E H'00007C
WUE?7 to WUEO 32 H'0040 H'000080 ICRD4
WUE15 to WUES8 33 H'0042 H'000084
TPU_O TGIOA (TGROA input 34 H'0044 H'000088 ICRD3
capture/compare match)
TGIOB (TGROB input 35 H'0046 H'00008C
capture/compare match)
TGIOC (TGROC input 36 H'0048 H'000090
capture/compare match)
TGIOD (TGROD input 37 H'004A H'000094
capture/compare match)
TGIOV (Overflow 0) 38 H'004C H'000098
TPU_1 TGHA (TGR1A input 39 H'004E H'00009C ICRD2
capture/compare match)
TGIHB (TGR1B input 40 H'0050 H'0000A0
capture/compare match)
TGV (Overflow 1) 41 H'0052 H'0000A4
TGIHU (Underflow 1) 42 H'0054 H'0000A8 Low
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Vector Address

Origin of
Interrupt Vector Normal Advanced
Source Name Number  Mode Mode ICR Priority
TPU_2 TGI2A (TGR2A input 43 H'0056 H'0000AC ICRD1 High
capture/compare match) A
TGI2B (TGR2B input 44 H'0058 H'0000B0
capture/compare match)
TGI2V (Overflow 1) 45 H'005A H'0000B4
TGI2U (Underflow 2) 46 H'005C H'0000B8
Reserved for system use 47 H'005E H'0000BC
FRT ICIA (Input capture A) 48 H'0060 H'0000C0O ICRB6
ICIB (Input capture B) 49 H'0062 H'0000C4
ICIC (Input capture C) 50 H'0064 H'0000C8
ICID (Input capture D) 51 H'0066 H'0000CC
OCIA (Output compare A) 52 H'0068 H'0000D0
OCIB (Output compare B) 53 H'006A H'0000D4
FOVI (Overflow) 54 H'006C H'0000D8
Reserved for system use 55 H'006E H'0000DC
External pin IRQ8 56 H'0070 H'0000EO ICRD7
IRQ9 57 H'0072 H'0000E4
IRQ10 58 H'0074 H'0000E8
IRQ11 59 H'0076 H'0000EC
IRQ12 60 H'0078 H'0000F0 ICRD6
IRQ13 61 H'007A H'0000F4
IRQ14 62 H'007C H'0000F8
IRQ15 63 H'007E H'0000FC
TMR_0 CMIAO (Compare match A) 64 H'0080 H'000100 ICRB3
CMIBO (Compare match B) 65 H'0082 H'000104
OVIO0 (Overflow) 66 H'0084 H'000108
Reserved for system use 67 H'0086 H'00010C
TMR_1 CMIA1 (Compare match A) 68 H'0088 H'000110 ICRB2
CMIB1 (Compare match B) 69 H'008A H'000114
OVI1 (Overflow) 70 H'008C H'000118
Reserved for system use 71 H'008E H'00011C
TMR_X CMIAY (Compare match A) 72 H'0090 H'000120 ICRB1
TMR_Y CMIBY (Compare match B) 73 H'0092 H'000124
OVIY (Overflow) 74 H'0094 H'000128
ICIX (Input capture) 75 H'0096 H'00012C
CMIAX (Compare match A) 76 H'0098 H'000130
CMIBX (Compare match B) 77 H'009A H'000134
OVIX (Overflow) 78 H'009C H'000138
— Reserved for system use 79 H'009E H'00013C —
Reserved for system use 80 H'00AO0 H'000140
Reserved for system use 81 H'00A2 H'000144
Reserved for system use 82 H'00A4 H'000148
Reserved for system use 83 H'00A6 H'00014C Low
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Vector Address

Origin of
Interrupt Vector Normal Advanced
Source Name Number Mode Mode ICR Priority
SCI_1 ERI1 (Reception error 1) 84 H'00A8 H'000150 ICRC6 Hi%h
RXI1 (Reception completion 1) 85 H'00AA H'000154 A
TXH (Transmission data empty 1) 86 H'00AC H'000158
TEI (Transmission end 1) 87 H'00AE H'00015C
SCI_2 ERI2 (Reception error 2) 88 H'00B0O H'000160 ICRC5
RXI2 (Reception completion 2) 89 H'00B2 H'000164
TXI2 (Transmission data empty 2) 90 H'00B4 H'000168
TEI2 (Transmission end 2) 91 H'00B6 H'00016C
IIC_0 IICIO (1-byte transmission/reception 92 H'00B8 H'000170 ICRC4
completion)
Reserved for system use 93 H'00BA H'000174
IIC_1 IICI1 (1-byte transmission/reception 94 H'00BC H'000178 ICRC3
completion)
Reserved for system use 95 H'00BE H'00017C
KBU KBIA (Reception completion A) 96 H'00CO H'000180 ICRBO
KBIB (Reception completion B) 97 H'00C2 H'000184
KBIC (Reception completion C) 98 H'00C4 H'000188
KBTIA (Transmission completion A)/ 99 H'00C6 H'00018C
KBCA (1st KCLKA)
KBTIB (Transmission completion B)/ 100 H'00C8 H'000190
KBCB (1st KCLKB)
KBTIC (Transmission completion C)/ 101 H'00CA H'000194
KBCC (1st KCLKC)
Reserved for system use 102 H'00CC H'000198
Reserved for system use 103 H'00CE H'00019C
LPC Reserved for system use 104 H'00DO H'0001A0 ICRC1
LMCI (LPC/FW command reception 105 H'00D2 H'0001A4
completion)
LMCUI (LPC/FW user command 106 H'00D4 H'0001A8
reception completion)
IBF14 (IDR4 reception completion) 107 H'00D6 H'0001AC
ERR1 (Transfer error, etc.) 108 H'00D8 H'0001B0
IBFI1 (IDR1 reception completion) 109 H'00DA H'0001B4
IBFI2 (IDR2 reception completion) 110 H'00DC H'0001B8
IBFI3 (IDR3 reception completion) 111 H'00DE H'0001BC
Reserved for system use 1| 12 H'00EO0 H'0001CO —
127 H'00FE H'0001FC Low
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: interrupt control mode 0 and interrupt control mode 1.
Interrupt operations differ depending on the interrupt control mode. NMI and address break
interrupts are always accepted except for in the reset state or in hardware standby mode. The
interrupt control mode is selected by SY SCR. Table 5.6 shows the interrupt control modes.

Table5.6 Interrupt Control Modes

Interrupt SYSCR Priority

Control Setting Interrupt

Mode INTM1 INTMO  Registers Mask Bits Description

0 0 0 ICR | Interrupt mask control is performed by
the | bit. Priority levels can be set with
ICR.

1 0 1 ICR I, Ul 3-level interrupt mask control is

performed by the | and Ul bits. Priority
levels can be set with ICR.
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Figure 5.6 shows ablock diagram of the priority determination circuit.

I Ul
ICR
Interrupt
Interrupt ——_| acceptance control|-——_| Default priority S Vector
source and 3-level mask |—— | determination number
control

Interrupt control modes
Oand 1

Figure5.6 Block Diagram of Interrupt Control Operation
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(1) Interrupt Acceptance Control and 3-Level Control

Ininterrupt control modes 0 and 1, interrupt acceptance control and 3-level mask control is
performed by means of the | and Ul bitsin CCR and ICR (control level).

Table 5.7 shows the interrupts selected in each interrupt control mode.

Table5.7 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode | ul Selected Interrupts
0 0 * All interrupts (interrupt control level 1 has
priority)
1 * NMI and address break interrupts
1 0 * All interrupts (interrupt control level 1 has
priority)
1 0 NMI, address break, and interrupt control level 1
interrupts
1 NMI and address break interrupts
[Legend]
*: Don’t care

(2) Default Priority Determination
The priority is determined for the selected interrupt, and a vector number is generated.

If the same valueis set for ICR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.

Table 5.8 shows operations and control signal functionsin each interrupt control mode.
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Table5.8 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance
Setting Control

Interrupt Default Priority
3-Level Control

Control Mode INTM1 INTMO | ul ICR Determination

0 0 0 (0] IM — PR (e]

1 1 (o) IM IM PR ¢

[Legend]

O: Interrupt operation control is performed

IM: Used as an interrupt mask bit

PR: Priority is set

Not used

5.6.1 Interrupt Control Mode O

Ini

nterrupt control mode O, interrupt requests other than NMI and address break are masked by

ICR and the | bit of CCR in the CPU. Figure 5.7 shows a flowchart of the interrupt acceptance
operation.

1.

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

According to the interrupt control level specified in ICR, the interrupt controller only accepts
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level 0 (no priority). If several interrupt requests are issued, an
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

If thel bit in CCR is set to 1, the interrupt controller holds pending interrupt requests other
than NMI and address break. If the | bit is cleared to 0, any interrupt request is accepted.
When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

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

Next, thel bit in CCR isset to 1. Thismasks all interrupts except for NMI and address break
interrupts.
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7. The CPU generates a vector address for the accepted interrupt request and starts execution of
the interrupt handling routine at the address indicated by the contents of the vector addressin
the vector table.

!

Program execution state
|

No

Interrupt generated?

Yes

ending |

No

| Save PC and CCR |

!
I 1 |
!

| Read vector address |

| Branch to interrupt handling routine |

Figure5.7 Flowchart of Procedureup to Interrupt Acceptancein Interrupt Control Mode 0
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5.6.2 Interrupt Control Mode 1

Ininterrupt control mode 1, mask control is applied to three levels for interrupt requests other than
NMI and address break by comparing the | and Ul bitsin CCR in the CPU, and the ICR setting.

e Aninterrupt request with interrupt control level 0 is accepted when the | bit in CCR is cleared
to 0. When the | bit is set to 1, the interrupt request is held pending.

e Aninterrupt request with interrupt control level 1 is accepted when the | bit or Ul bitin CCRis
cleared to 0. When both the | and Ul bits are set to 1, the interrupt request is held pending.

For instance, the state transition when the interrupt enable bit corresponding to each interrupt is set
to 1, and ICRA to ICRD are set to H'20, H'00, H'00, and H'00, respectively (IRQ2 and IRQ3
interrupts are set to interrupt control level 1, and other interrupts are set to interrupt control level

0) is shown below. Figure 5.8 shows a state transition diagram.

o All interrupt requests are accepted when | = 0. (Priority order: NMI > IRQ2 > IRQ3 > address
break > 1RQ0 > 1RQ1 ...)

e Only NMI, IRQ2, IRQ3, and address break interrupt requests are accepted when | =1 and Ul =
0.

e Only NMI and address break interrupt requests are accepted when | =1 and Ul = 1.

Only NMI, address break, and
interrupt control level 1 interrupt
requests are accepted

1+<0
All interrupt requests <1, Ul 0
are accepted -

Exception handling execution
orl+1,Ul+1

Exception handling
execution or Ul <1

Only NMI and address break
interrupt requests are accepted

Figure5.8 State Transition in Interrupt Control Mode 1
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Figure 5.9 shows a flowchart of the interrupt acceptance operation.

1

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

According to the interrupt control level specified in ICR, the interrupt controller only accepts
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level 0 (no priority). If several interrupt requests are issued, an
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

An interrupt request with interrupt control level 1 is accepted when the | bit is cleared to O, or
when the | bit is set to 1 while the Ul bit iscleared to 0.

An interrupt request with interrupt control level 0 is accepted when the | bit is cleared to 0.
When both the | and Ul bits are set to 1, only NMI and address break interrupt requests are
accepted, and other interrupts are held pending.

When the | bit is cleared to O, the Ul bit does not affect acceptance of interrupt requests.
When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

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

Thel and Ul bitsin CCR are set to 1. This masks all interrupts except for NMI and address
break interrupts.

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

No
Interrupt generated?

Yes

An interrupt with interrupt
ontrol level 12
Yes

| Hold pending I

/

| Save PC and CCR |

1

[ 1< 1,Ul <1 [
Y
| Read vector address |

| Branch to interrupt handling routine |

Figure5.9 Flowchart of Procedureup to Interrupt Acceptancein Interrupt Control Mode 1

Rev. 3.00 Jul. 14, 2005 Page 116 of 986
REJ09B0098-0300 RENESAS




Section 5 Interrupt Controller

5.6.3 Interrupt Exception Handling Sequence

Figure 5.10 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0 is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.10 Interrupt Exception Handling
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564 Interrupt Response Times

Table 5.9 shows interrupt response times — the intervals between generation of an interrupt request
and execution of thefirst instruction in the interrupt handling routine.

Table5.9 Interrupt Response Times

No. Execution Status Normal Mode Advanced Mode
Interrupt priority determination*" 3 3
Number of wait states until executing instruction 1 to 21 1to 21
ends**
3 Saving of PC and CCR in stack 2 2
4 Vector fetch 1 2
5 Instruction fetch*® 2 2
6 Internal processing** 2 2
Total (using on-chip memory) 11 to 31 1210 32

Notes: 1. Two states in case of internal interrupt.

2. Refers to MULXS and DIVXS instructions.

3. Prefetch after interrupt acceptance and prefetch of interrupt handling routine.
4

. Internal processing after interrupt acceptance and internal processing after vector fetch.
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5.6.5 DTC Activation by Interrupt
The DTC can be activated by an interrupt. In this case, the following options are available;

e |nterrupt request to CPU
e Activation request to DTC
e Both of the above

For details on interrupt requests that can be used to activate the DTC, see section 7, Data Transfer
Controller (DTC). Figure 5.11 shows a block diagram of the DTC and interrupt controller.

1
| DTC activation

Interrupt request vector
S uest v
request | Selection [ nuqmber
circuit
IRQ
interrupt ﬂ Select
signal )
g Clear signal Control logic DTC
| Interrupt source DTCER
On-chip | clear signal Clear signal
peripheral
module
DTVECR
SWDTE
clear signal CPU interrupt
request vector
At number
Determlngtlon of CPU
priority
Interrupt controller [, Ul

Figure5.11 Interrupt Control for DTC
Theinterrupt controller has three main functionsin DTC control.
(1) Selection of Interrupt Source

It ispossible to select aDTC activation request or CPU interrupt request for an interrupt source
with the DTCE bit in DTCERA to DTCERE of the DTC. After aDTC datatransfer, the DTCE bit
can be cleared to 0 and an interrupt request sent to the CPU in accordance with the specification of
the DISEL bit in MRB of the DTC. When the DTC performs the specified number of data
transfers and the transfer counter reaches O, following the DTC data transfer the DTCE bit is
cleared to 0 and an interrupt request is sent to the CPU.
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(2) Determination of Priority

The DTC activation source is selected in accordance with the default priority order, and is not
affected by mask or priority levels. See section 7.4, Location of Register Information and DTC
Vector Table, for the respective priorities.

(3) Operation Order

If the same interrupt is selected as a DTC activation source and a CPU interrupt source, the DTC
datatransfer is performed first, followed by CPU interrupt exception handling.

Table 5.10 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTCE bit in DTCERA to DTCERE of the DTC and the DISEL bit in MRB
of theDTC.

Table5.10 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X A
1 0
1 O

[Legend]
A:  The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)
O: The relevant interrupt is used. The interrupt source is not cleared.
The relevant interrupt cannot be used.
*:  Don'’t care
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5.7 Address Breaks

57.1 Features

With thisLSl, it is possible to identify the prefetch of a specific address by the CPU and generate
an address break interrupt, using the ABRKCR and BAR registers. When an address break
interrupt is generated, address break interrupt exception handling is executed.

This function can be used to detect the beginning of execution of abug location in the program,
and branch to a correction routine.

572 Block Diagram

Figure 5.12 shows a block diagram of the address break function.

BAR ABRKCR

Match

signal Address break
Comparator P Control logic |—» interrupt request

A
Internal address

Prefetch signal
(internal signal)

Figure5.12 Block Diagram of AddressBreak Function
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573 Operation

ABRKCR and BAR settings can be made so that an address break interrupt is generated when the
CPU prefetches the address set in BAR. This address break function issues an interrupt request to
the interrupt controller when the address is prefetched, and the interrupt controller determines the
interrupt priority. When the interrupt is accepted, interrupt exception handling is started on
completion of the currently executing instruction. With an address break interrupt, interrupt mask
control by the | and Ul bitsin the CPU’s CCR isineffective.

The register settings when the address break function is used are as follows.

1. Set the break addressin bits A23to Alin BAR.

2. Set the BIE bit in ABRKCR to 1 to enable address breaks. An address break will not be
requested if the BIE bit is cleared to 0.

When the setting condition occurs, the CMF flag in ABRKCR is set to 1 and an interrupt is
regquested. If necessary, the source should be identified in the interrupt handling routine.

574 Usage Notes

e With the address break function, the address at which the first instruction byte is located
should be specified as the break address. Occurrence of the address break condition may not be
recognized for other addresses.

e Innormal mode, no comparison is made with addresslines A23 to A16.

e |f abranch instruction (Bcc, BSR) jump instruction (JMP, JSR), RTSinstruction, or RTE
instruction is located immediately before the address set in BAR, execution of thisinstruction
will output a prefetch signal for that address, and an address break may be requested. This can
be prevented by not making a break address setting for an address immediately following one
of these instructions, or by determining within the interrupt handling routine whether interrupt
handling was initiated by a genuine condition occurrence.

e Asan address break interrupt is generated by a combination of the internal prefetch signal and
address, the timing of the start of interrupt exception handling depends on the content and
execution cycle of the instruction at the set address and the preceding instruction. Figure 5.13
shows some address timing examples.
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« Program area in on-chip memory, 1-state execution instruction at specified break address

Instruction Instruction Instruction Instruction Instruction  Internal Vector Internal  Instruction
fetch \ fetch \ fetch \ fetch \ fetch IoperationI Stack save \ fetch IoperammI fetch

Addressbus  XH0310XH0312XH0314H0316X  Ho318 X sP2 X sP-4 X Hooss X

. ™ .

NOP NOP NOP Interrupt exeption handling
execution execution execution

Break request
signal | |

H'0310 NOP

H'0312 NOP -«——Breakpoint NOP instruction is executed at breakpoint address H'0312 and
H'0314 NOP next address, H'0314; fetch from address H'0316 starts after
H'0316 NOP end of exception handling.

* Program area in on-chip memory, 2-state execution instruction at specified break address

Instruction  Instruction Instruction Instruction Instruction  Internal Vector  Internal  Instruction
, fetch | fetch , fetch | fetch |, fetch | operation Stack save , fetch | operation , fetch |
PPttt

o e

Addressbus  XHo0310XH0312XH0314XH0316X  Hosta X sp-2 X sP-4 X Hooss X

LN > >
NOP MOV.W Interrupt exeption handling
execution execution
Break request
signal |
H'0310 NOP
H'0312 MOV.W #xx: 16,Rd = ~e&——Breakpoint MOV instruction is executed at breakpoint address H'0312,
H'0314 NOP NOP instruction at next address, H'0316, is not executed;
H'0316 NOP fetch from address H'0316 starts after end of exception handling.

* Program area in external memory (2-state access, 16-bit-bus access), 1-state execution instruction
at specified break address (Not available in this LSI)

Instruction Instruction Instruction Internal Vector Internal
fetch , fetch , fetch operation  Stack save | fetch Operation

Addressbus:X Hosto X Hostz X HO314 sp4X Hooss X

N

X, -
NOP Interrupt exeption handling
execution
Break request
signal I_
H'0310 NOP
H'0312 NOP —<¢——Breakpoint NOP instruction at breakpoint address H'0312 is not executed;
H'0314 NOP fetch from address H'0312 starts after end of exception handling.
H'0316 NOP

Figure5.13 Examplesof AddressBreak Timing
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5.8 Usage Notes

581 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupt requests, the disabling becomes
effective after execution of the instruction. When an interrupt enable bit is cleared to 0 by an
instruction such asBCLR or MOV, and if an interrupt is generated during execution of the
instruction, the interrupt concerned will still be enabled on completion of the instruction, so
interrupt exception handling for that interrupt will be executed on completion of the instruction.
However, if there is an interrupt request of higher priority than that interrupt, interrupt exception
handling will be executed for the higher-priority interrupt, and the lower-priority interrupt will be
ignored. The sameruleis also applied when an interrupt source flag is cleared to 0. Figure 5.12
shows an example where the CMIEA bit in TCR of the TMR is cleared to 0. The above conflict
will not occur if an interrupt enable bit or interrupt source flag is cleared to O while the interrupt is
disabled.

TCR write cycle by CPU CMIA exception handling
¢ —
Internal X TOR add X
address bus Y address b

Internal
write signal

CMIEA

CMFA

CMIA | |
interrupt signal -

i

Figure5.14 Conflict between Interrupt Generation and Disabling
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582 Instructionsfor Disabling I nterrupts

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

5.8.3 Interrupts during Execution of EEPM OV Instruction

Interrupt operation differs between the EEPM OV .B instruction and the EEPM OV .W instruction.

With the EEPM OV .B instruction, an interrupt request including NMI issued during data transfer is
not accepted until data transfer is completed.

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

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

584 Vector Address Switching

Switching between H8S/2140B Group compatible vector mode and extended vector mode must be
donein a state with no interrupts occurring.

If the EIVS bit in SYSCR3 is changed from 0 to 1 when interrupt input is enabled because the
KIN15 to KINO and WUE15 to WUEDO pins are set at low level, afalling edge is detected, thus
causing an interrupt to be generated. The vector mode must be changed when interrupt input is
disabled, that isthe KIN15 to KINO and WUE15 to WUEO pins are set at high level.
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585 External Interrupt Pin in Softwar e Standby M ode and Watch Mode

e When the pins (IRQ15 to IRQO, ExIRQ15 to ExIRQO, KIN15 to KINO, and WUE15 to
WUEQ) are used as external input pins in software standby mode or watch mode, the pins
should not be left floating.

e When the externa interrupt pins (IRQ7, IRQ6, EXIRQ15 to ExIRQ8, KIN7 to KINO, and
WUEI15 to WUER) are used in software standby and watch modes, the noise canceller should
be disabled.

5.8.6 Noise Canceller Switching

The noise canceller should be switched when the external input pins (IRQ7, IRQ6, ExIRQ15 to
ExIRQS, KIN7 to KINO, and WUE15 to WUESR) are high.

5.8.7 IRQ Status Register (ISR)

Since IRQNF may be set to 1 according to the pin state after reset, the | SR should be read after
reset, and then write 0 in IRQnF (n=15to 0).
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Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC).

The BSC has a bus arbitration function, and controls the operation of the internal bus masters —
CPU, datatransfer controller (DTC), and LPC interface (LPC).

Though this LSI does not have external extended functions, take care not to set inappropriate
valuesin the control registers related to the bus controller when utilizing software with other
similar products.

6.1 Features

e Busarbitration function
Includes a bus arbiter that arbitrates bus mastership between the CPU, DTC, and LPC.

> Internal control signals

Bus controller

Bus mode signal

BCR
WSCR

Internal data bus

<«——CPU bus request signal
<——DTC bus request signal
<——LPC bus request signal

Bus arbiter [— CPU bus acknowledge signal

— DTC bus acknowledge signal
— LPC bus acknowledge signal

Figure6.1 Block Diagram of BSC
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6.2 Register Descriptions
The bus controller has the following registers.

e Buscontrol register (BCR)
e Wait state control register (WSCR)

6.2.1 Bus Control Register (BCR)

Bit Bit Name Initial Value R/W Description
7 — 1 R/W Reserved

The initial value should not be changed.
6 ICISO 1 R/W Idle Cycle Insertion

The initial value should not be changed.
5 BRSTRM 0 R/W Burst ROM Enable

The initial value should not be changed.
4 BRSTSH1 1 R/W Burst Cycle Select 1

The initial value should not be changed.
3 BRSTS0 0 R/W Burst Cycle Select 0

The initial value should not be changed.
2 — 0 R/W Reserved

The initial value should not be changed.

10S1 1 R/W I0S Select 1,0

0 10S0 1 R/W The initial value should not be changed.
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6.2.2 Wait State Control Register (WSCR)

Bit Bit Name |Initial Value R/W  Description
— 1 R/W  Reserved
— 1 R/W  The initial value should not be changed.
ABW 1 R/W  Bus Width Control
The initial value should not be changed.
4 AST 1 R/W  Access State Control
The initial value should not be changed.
3 WMSH 0 R/W  Wait Mode Select 1, 0
2 WMSO0 0 R/W  The initial value should not be changed.
1 WCH 1 R/W  Wait Count 1, 0
0 WCO 1 R/W  The initial value should not be changed.
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6.3 Bus Arbitration

The BSC has a bus arbiter that arbitrates bus master operations. There are three bus masters —
CPU, DTC, and LPC —which perform read/write operations when they have possession of the
bus.

6.3.1 Priority of BusMasters

Each bus master requests the bus by means of a bus request signal. The bus arbiter detects the bus
masters' bus request signals, and sends a bus request acknowledge signal to the bus master making
the request at the designated timing. If there are bus requests from more than one bus master, the
bus request acknowledge signal is sent to the one with the highest priority. When a bus master
receives the bus request acknowledge signal, it takes possession of the bus until that signal is
canceled. The priority order of the bus mastersis asfollows:

(High) LPC > DTC > CPU (Low)

6.3.2 Bus Transfer Timing

When a bus request is received from a bus master with a higher priority than that of the bus master
that has acquired the bus and is currently operating, the busis not necessarily transferred
immediately. Each bus master can relinquish the bus at the timings given below.

(1) CPU

The CPU isthe lowest-priority bus master, and if abus request isreceived from the DTC or LPC,
the bus arbiter transfers the busto the DTC or LPC.

e DTC and LPC bus transfer timing
— Thebusistransferred at a break between bus cycles.

However, if abus cycle is executed in discrete operations, as in the case of alongword-size
access, the bus is not transferred between the component operations. For details, see section
2.7, Bus States During Instruction Execution, in the H8S/2600 Series, H8S/2000 Series
Programming Manual.

— If the CPU isin sleep mode, the bus is transferred immediately.
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(29 DTC
The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC is abus master with lower priority than the LPC, and if abus request is received from
the LPC, the bus arbiter transfers the bus to the L PC.

e LPC bustransfer timing
Thebusistransferred at a break between bus cycles.

If abus cycleis executed in discrete operations, as in the case of alongword-size access, the
busis not transferred between the component operations. Similarly, in case of a 32-bit access
by the DTC, the busis not transferred between the component operations for each longword.

(3) LPC

The LPC has the highest bus master priority. The LPC sends the bus arbiter arequest for the bus
when an activation request is generated. The L PC does not rel ease the bus until it completes
reading/writing the on-chip memory. For details, see section 18, LPC Interface (LPC).
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Section 7 Data Transfer Controller (DTC)

This LSl includes a data transfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

Figure 7.1 shows ablock diagram of the DTC. The DTC's register information is stored in the on-
chip RAM. When the DTC is used, the RAME bit in SY SCR must be set to 1. A 32-bit bus
connects the DTC to addresses H'(FF)ECO00 to H'(FF)EFFF in on-chip RAM (1 kbyte), enabling
32-hit/1-state reading and writing of the DTC register information.
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7.1

Features

Transfer is possible over any number of channels
Three transfer modes

Normal, repeat, and block transfer modes are available

One activation source can trigger a number of data transfers (chain transfer)

Direct specification of 16 Mbytes address space is possible
Activation by softwareis possible
Transfer can be set in byte or word units

A CPU interrupt can be requested for the interrupt that activated the DTC

Internal address bus

Interrupt controller DTC ‘ ’

On-chip RAM
c
S
o T
< o [L 2 g |
Interrupt — N\| [& o & S N\ - ~ - N $
request __ /| |27 2| |= / = @ gzl N1 =
o ol |a 5 S = alw L
° o Il K2
3 — | o> !
T <|©|© o,
1 T o
s = :
S :
2
S
©
'_
[a]
CPU interrupt Internal data bus
request
[Legend]
MRA, MRB: DTC mode register A, B
CRA, CRB: DTC transfer count register A, B
SAR: DTC source address register
DAR: DTC destination address register
DTCERA to DTCERE: DTC enable registers A to E
DTVECR: DTC vector register

Figure7.1 Block Diagram of DTC
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7.2

Register Descriptions

The DTC has the following registers.

DTC moderegister A (MRA)

DTC mode register B (MRB)

DTC source address register (SAR)
DTC destination address register (DAR)
DTC transfer count register A (CRA)
DTC transfer count register B (CRB)

These six registers cannot be directly accessed from the CPU. When a DTC activation interrupt
source occurs, the DTC reads a set of register information that is stored in on-chip RAM to the
corresponding DTC registers and transfers data. After the data transfer, it writes a set of updated
register information back to on-chip RAM.

DTC enable register (DTCER)
DTC vector register (DTVECR)

RENESAS
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721

MRA selects the DTC operating mode.

Bit

DTC Mode Register A (MRA)

Bit Name

Initial Value

R/W

Description

7
6

SM1
SMo

Undefined
Undefined

Source Address Mode 1, 0
These bits specify an SAR operation after a data transfer.
0*: SAR is fixed
10: SAR is incremented after a transfer
(by +1 when Sz = 0, by +2 when Sz = 1)

11: SAR is decremented after a transfer
(by —1 when Sz = 0, by —2 when Sz = 1)

DM1
DMO

Undefined
Undefined

Destination Address Mode 1, 0
These bits specify a DAR operation after a data transfer.
0*: DAR is fixed
10: DAR is incremented after a transfer
(by +1 when Sz = 0, by +2 when Sz = 1)

11: DAR is decremented after a transfer
(by —1 when Sz = 0, by -2 when Sz = 1)

MD1
MDO

Undefined
Undefined

DTC Mode

These bits specify the DTC transfer mode.
00: Normal mode

01: Repeat mode

10: Block transfer mode

11: Setting prohibited

DTS

Undefined

DTC Transfer Mode Select

Specifies whether the source side or the destination side
is set to be a repeat area or block area in repeat mode or
block transfer mode.

0: Destination side is repeat area or block area
1: Source side is repeat area or block area

Sz

Undefined

DTC Data Transfer Size

Specifies the size of data to be transferred.
0: Byte-size transfer

1: Word-size transfer

[Legend]

* .

Don't care

Rev. 3.00 Jul. 14,2005 Page 138 of 986
REJ09B0098-0300

RENESAS



Section 7 Data Transfer Controller (DTC)

722 DTC Mode Register B (MRB)
MRB selects the DTC operating mode.

Bit Bit Name |Initial Value R/W  Description
7 CHNE Undefined — DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed. For details, see section 7.5.4, Chain
Transfer.

In data transfer with CHNE set to 1, determination of
the end of the specified number of data transfers,
clearing of the interrupt source flag, and clearing of
DTCER are not performed.

6 DISEL Undefined — DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time data transfer ends. (DTC does not
clear the interrupt source flag which is as an activation
source, to 0.) When this bit is cleared to 0, a CPU
interrupt request is generated only when the specified
number of data transfers ends. (DTC does not clear the
interrupt source flag which is as an activation source, to
0.)

5to0 — All undefined — Reserved

These bits have no effect on DTC operation. The write
value should always be 0.

7.2.3 DTC Source Address Register (SAR)

SAR is a24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.
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724 DTC Destination Address Register (DAR)

DAR is a24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.

7.25 DTC Transfer Count Register A (CRA)
CRA isal6-hit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts; the upper eight bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time datais
transferred, and the contents of CRAH are sent when the count reaches H'00.

7.2.6 DTC Transfer Count Register B (CRB)

CRB isa16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.
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727  DTC Enable Registers (DTCER)

DTCER specifies DTC activation interrupt sources. DTCER is comprised of five registers:
DTCERA to DTCERE. The correspondence between interrupt sources and DTCE bitsis shownin
tables 7.1 and 7.2. For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR. Multiple DTC activation sources can be set at one time (only at the initial setting) by
masking al interrupts and writing data after executing adummy read on the relevant register.

Bit Bit Name Initial Value R/W  Description

7 DTCENn7 0 R/W  DTC Activation Enable

6 DTCENn6 0 R/W  Setting this bit to 1 specifies a relevant interrupt source

5 DTCEN5 0 RW asa DTC activation source.

4 DTCEn4 0 R/W [Clearing conditions]

3 DTCEn3 0 rw * When data transfer has ended with the DISEL bit in

2 DTCEn2 0 RIW MRB setto1

1 DTCEn1 0 RW ° When the specified number of transfers have

ended

0 DTCENO 0 R/W ) .
These bits are not cleared when the DISEL bit is 0 and
the specified number of transfers have not been
completed

Note: n:AtoE

Table7.1 Correspondence between Interrupt Sourcesand DTCER

Register

Bit Bit Name DTCERA DTCERB DTCERC DTCERD DTCERE

7 DTCEn7 (16)IRQO (53)0CIB (69)CMIB1 (86)TXI1 (34)TGIOA
6 DTCEn6 (17)IRQ1 (39)TGIHA (72)CMIAY (89)RXI2 (35)TGIOB
5 DTCEn5 (18)IRQ2 (40)TGI1B (73)CMIBY (90)TXI2 (36)TGIOC
4 DTCEn4 (19)IRQ3 (43)TGI2A (76)CMIAX (92)1ICI0 (37)TGIOD
3 DTCENn3 (28)ADI (44)TGI2B (77)CMIBX (94)11Cc (108)ERR1
2 DTCEn2 (48)ICIA (64)CMIAO — — (109)IBFI1
1 DTCEn1 (49)ICIB (65)CMIBO — — (110)IBFI2
0 DTCENnO (52)OCIA (68)CMIA1 (85)RXI1 — (111)IBFI3

Note: n :AtoE
() :Vector number

Rev. 3.00 Jul. 14, 2005 Page 141 of 986
RENESAS REJ09B0098-0300



Section 7 Data Transfer Controller (DTC)

728  DTC Vector Register (DTVECR)

DTVECR enables or disables DTC activation by software, and sets a vector number for the
software activation interrupt.

Bit Bit Name

Initial Value

R/W

Description

7 SWDTE

0

R/W

DTC Software Activation Enable

Setting this bit to 1 activates DTC. Only 1 can always
be written to this bit. Writing 0 is enabled only after 1
has been read.

[Clearing conditions]

e  When the DISEL bit is 0 and the specified number
of transfers have not ended

e  When 0 is written to the DISEL bit after a software-
activated data transfer end interrupt (SWDTEND)
request has been sent to the CPU.

[Holding conditions]

e When the DISEL bit is set to 1 and data transfer
has ended

e The specified number of transfers have ended

e On data transfer by software activation

DTVEC6
DTVEC5
DTVEC4
DTVECS
DTVEC2
DTVECH
DTVECO

o = N W » OO

O O O O O o o

R/W
R/W
R/W
R/W
RW
R/W
R/W

DTC Software Activation Vectors 6 to O

These bits specify a vector number for DTC software
activation.

The vector address is expressed as H'0400 + (vector
number x 2). For example, when DTVEC6 to DTVECO
= H'10, the vector address is H'0420. When the
SWDTE bit is 0, these bits can be written to.
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7.3 Activation Sources

The DTC is activated by an interrupt request or by awriteto DTVECR by software. The interrupt
request source to activate the DTC is selected by DTCER. At the end of adata transfer (or the last
consecutive transfer in the case of chain transfer), the interrupt flag that became the activation
source or the corresponding DTCER bit is cleared. The activation source flag, in the case of RX11,
for example, isthe RDRF flag in SCI_1.

When an interrupt has been designated as a DTC activation source, the existing CPU mask level
and interrupt controller priorities have no effect. If there is more than one activation source at the
sametime, the DTC operates in accordance with the default priorities. Figure 7.2 shows a block
diagram of DTC activation source control. For details on the interrupt controller, see section 5,
Interrupt Controller.

Source flag cleared

Clear
controller

Clear

i
DTCER
Select Clear request
! 3
On-chip
peripheral - - DTC
module §
S
i - &
IRQ interrupt Interrupt S
request 2 -
(9]
DTVECR Interrupt controller CPU
Interrupt mask

Figure7.2 Block Diagram of DTC Activation Source Control
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74 L ocation of Register Information and DTC Vector Table

Locate the register information in the on-chip RAM (addresses: H'(FF)ECO00 to H'(FF)EFFF).
Register information should be located at an address that is a multiple of four within the range.
The method for locating the register information in address space is shown in figure 7.3. Locate
MRA, SAR, MRB, DAR, CRA, and CRB, in that order, from the start address of the register
information. In the case of chain transfer, register information should be located in consecutive
areas as shown in figure 7.3, and the register information start address should be located at the
vector address corresponding to the interrupt sourcein the DTC vector table. The DTC reads the
start address of the register information from the vector table set for each activation source, and
then reads the register information from that start address.

When the DTC is activated by software, the vector addressiis obtained from: H'0400 +
(DTVECR][6:0] x 2). For example, if DTVECR is H'10, the vector address is H'0420.

The configuration of the vector address is a 2-byte unit. Specify the lower two bytes of the register
information start address.

Lower address

r N\
B'00 B'01 B'10 B'11
Register T T -
information — MRA SAR
start address
MRB DAR Register information
. CRA CRB
Chain
t i
ransfer MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
1 1 -
4 bytes

/\/

Figure7.3 DTC Register Information Location in Address Space
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Table7.2 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Activation Vector DTC Vector
Source Origin Activation Source Number  Address DTCE* Priority
Software Write to DTVECR DTVECR H'0400 + (vector — High
number x 2) A
External pins IRQO 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
A/D converter ADI 28 H'0438 DTCEA3
TPU_O TGIA 34 H'0444 DTCEE7
TGIB 35 H'0446 DTCEE6
TGIC 36 H'0448 DTCEE5
TGID 37 H'044A DTCEE4
TPU_1 TGIA 39 H'044E DTCEB6
TGIB 40 H'0450 DTCEB5
TPU_2 TGIA 43 H'0456 DTCEB4
TGIB 44 H'0458 DTCEB3
FRT ICIA 48 H'0460 DTCEA2
ICIB 49 H'0462 DTCEA1
OCIA 52 H'0468 DTCEAO
OCIB 53 H'046A DTCEB7
TMR_O CMIAO 64 H'0480 DTCEB2
CMIBO 65 H'0482 DTCEBH1
TMR_1 CMIA1 68 H'0488 DTCEBO
CMIB1 69 H'048A DTCEC?7
TMR_Y CMIAY 72 H'0490 DTCEC®6
CMIBY 73 H'0492 DTCEC5
TMR_X CMIAX 76 H'0498 DTCEC4
CMIBX 77 H'049A DTCEC3
SCI_1 RXI1 85 H'04AA DTCECO
TXI1 86 H'04AC DTCED7
SCI_2 RXI2 89 H'04B2 DTCED®6
TXI2 90 H'04B4 DTCEDS
IIC_0 lIClo 92 H'04B8 DTCED4
IIC_1 lci 94 H'04BC DTCEDS3 Low
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Activation

Vector DTC Vector
Source Origin Activation Source Number  Address DTCE* Priority
LPC ERRI 108 H'04D8 DTCEES High
IBFI1 109 H'04DA DTCEE2
IBFI2 110 H'04DC DTCEEH1
IBFI3 111 H'04DE DTCEEO Low

Note: * DTCE bits with no corresponding interrupt are reserved, and the write value should
always be 0.
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75 Operation

The DTC stores register information in on-chip RAM. When activated, the DTC reads register
information in on-chip RAM and transfers data. After the data transfer, the DTC writes updated
register information back to on-chip RAM. The pre-storage of register information in memory
makes it possible to transfer data over any required number of channels. The transfer mode can be
specified as normal, repesat, or block transfer mode. Setting the CHNE bit in MRB to 1 makesiit
possible to perform a number of transfers with a single activation source (chain transfer).

The 24-bit SAR designates the DTC transfer source address, and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed depending on its register information.

Read DTC vector

Next transfer

et

A

Read register information

1

Data transfer

1

Write register information

@ Yes

Y

No

Transfer counter = 0

or DISEL = 1 Yes

Clear an activation flag Clear DTCER

End Interrupt e)_(ception
handling

Figure7.4 DTC Operation Flowchart
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75.1 Normal Mode

In normal mode, one activation source transfers one byte or one word of data. Table 7.3 lists the
register functions in normal mode. From 1 to 65,536 transfers can be specified. Once the specified
number of transfers has been completed, a CPU interrupt can be requested.

Table7.3 Register Functionsin Normal Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register ~ DAR Transfer destination address
DTC transfer count register A CRA Transfer counter
DTC transfer count register B CRB Not used

N — I N

SAR —= :> -— DAR
Transfer

~  — N S~

Figure7.5 Memory Mappingin Normal Mode
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752 Repeat Mode

In repeat mode, one activation source transfers one byte or one word of data. Table 7.4 lists the
register functions in repeat mode. From 1 to 256 transfers can be specified. Once the specified
number of transfers has been completed, theinitial states of the transfer counter and the address
register that is specified as the repeat areais restored, and transfer is repeated. In repeat mode, the
transfer counter value does not reach H'00, and therefore CPU interrupts cannot be requested when
the DISEL bitin MRB iscleared to 0.

Table7.4 Register Functionsin Repeat Mode

Name

Abbreviation

Function

DTC source address register SAR

Transfer source address

DTC destination address register DAR

Transfer destination address

DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer Count
DTC transfer count register B CRB Not used
N— N—
SAR DAR
or —» Repeat area <:> --— or
DAR Transfer SAR
A \j
S~ S~

Figure7.6 Memory Mappingin Repeat Mode
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7.5.3 Block Transfer Mode

In block transfer mode, one activation source transfers one block of data. Either the transfer source
or the transfer destination is designated as ablock area. Table 7.5 lists the register functionsin
block transfer mode. The block size can be between 1 and 256. When the transfer of one block
ends, theinitial state of the block size counter and the address register that is specified as the block
areaisrestored. The other address register is then incremented, decremented, or |eft fixed
according to the register information. From 1 to 65,536 transfers can be specified. Once the
specified number of transfers has been completed, a CPU interrupt is requested.

Table7.5 Register Functionsin Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Transfer source address
DTC destination address register ~ DAR Transfer destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size counter

DTC transfer count register B CRB Transfer counter

B 1st block

i \_/_\
SAR B . 1 B 1 DAR
or —» o <:> Block area - or
DAR B ° ] Transfer B - SAR

B ] \_/\

N th block
y
S~

Figure7.7 Memory Mappingin Block Transfer Mode
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754 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB,
which define data transfers, can be set independently.

Figure 7.8 shows the overview of chain transfer operation. When activated, the DTC reads the
register information start address stored at the DTC vector address, and then reads the first register
information at that start address. After the data transfer, the CHNE bit will be tested. When it has
been set to 1, DTC reads the next register information located in a consecutive area and performs
the data transfer. These sequences are repeated until the CHNE bit is cleared to 0.

In the case of transfer with the CHNE bit set to 1, an interrupt request to the CPU is not generated
at the end of the specified number of transfers or by setting of the DISEL hit to 1, and the interrupt
source flag for the activation source is not affected.

/_\_/
Source
/'X_/ /'X_/
Register information Destination
— - CHNE =1
DTC vector Register information I;
address —
| startaddress Register information
CHNE =0
7 Source
L ~—_ L ~—_
L/ Destination
L ~—__

Figure7.8 Chain Transfer Operation
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755 Interrupt Sources

An interrupt request isissued to the CPU when the DTC has completed the specified number of
datatransfers, or a data transfer for which the DISEL hit was set to 1. In the case of interrupt
activation, the interrupt set as the activation source is generated. These interrupts to the CPU are
subject to CPU mask level and priority level control by the interrupt controller.

In the case of software activation, a software-activated data transfer end interrupt (SWDTEND) is
generated.

When the DISEL bit is 1 and one data transfer has been completed, or the specified number of
transfers have been completed, after data transfer ends, the SWDTE bit isheld at 1 and an
SWDTEND interrupt is generated. The interrupt handling routine will then clear the SWDTE bit
to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit isset to 1.

75.6 Operation Timing

; JUUUUUUUUU UL
DTC activation \
request /

DTC request / \

Data transfer

Vector read

g~
O OO0OEEOO0
-~ -~

Transfer information Transfer information
read write

Figure7.9 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)
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DTC activation \
request /
DTC request [

-

Data transfer
Vector read

e~
O OO0EEEEOO0

g
Transfer information

R B
Transfer information
read

write

Figure7.10 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)

DTC activation / \
request
DTC request /

Data transfer Data transfer
Vector read - -
Address

Transfer information Transfer Transfer Transfer information
read information information write
write read

Figure7.11 DTC Operation Timing (Example of Chain Transfer)
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75.7 Number of DTC Execution States

Table 7.6 lists the execution status for asingle DTC data transfer, and table 7.7 shows the number
of states required for each execution status.

Table7.6 DTC Execution Status

Register
Information Internal
Vector Read Read/Write Data Read Data Write  Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3
[Legend]
N: Block size (initial setting of CRAH and CRAL)

Table7.7 Number of States Required for Each Execution Status

On-Chip RAM
On-Chip RAM  (On-chip RAM area On-
(H'(FF)ECOO to other than H'(FF)EC00 Chip On-Chip /O
Object to be Accessed H'(FF)EFFF) to H'(FF)EFFF) ROM Registers
Bus width 32 16 16 8 16
Access states 1 1 1 2 2
Execution Vector read S — — 1 — —
status
Register 1 — — — —
information
read/write S,
Byte data read 1 1 1 2 2
S
Word data read 1 1 1 4 2
S«
Byte data write 1 1 1 2 2
S,
Word data write 1 1 1 4 2
S
Internal operation 1 1 1 1 1
S

M
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The number of execution states is calculated from using the formula below. Note that X is the sum
of al transfers activated by one activation source (the number in which the CHNE bit is set to 1,
plus1).

Number of execution states=1-§ +X(J-§,+K-§ +L-S)+ M-S,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set,
and datais transferred from on-chip ROM to an internal 1/O register, then the time required for the
DTC operation is 13 states. The time from activation to the end of datawrite is 10 states.

7.6 Proceduresfor UsingDTC

7.6.1 Activation by Interrupt
The procedure for using the DTC with interrupt activation is as follows:

[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.
[3] Set the corresponding bitin DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

[5] After one datatransfer has been completed, or after the specified number of data transfers have
been completed, the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto
continue transferring data, set the DTCE hit to 1.

7.6.2 Activation by Software
The procedure for using the DTC with software activation is as follows:

[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE hit isO.

[4] Write 1 to the SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After one datatransfer has been completed, if the DISEL bit is 0 and a CPU interrupt is not
requested, the SWDTE hit is cleared to 0. If the DTC isto continue transferring data, set the
SWDTE hit to 1. When the DISEL bit is 1 or after the specified number of data transfers have
been completed, the SWDTE bit isheld at 1 and a CPU interrupt is requested.
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1.7 Examples of Use of the DTC

771 Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data viathe SCI.

[1] Set MRA to afixed source address (SM1 = SMO = 0), incrementing destination address (DM 1
=1, DMO0 = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI, RDR addressin SAR, the start address of the RAM area where the datawill be received
in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

[2] Set the start address of the register information at the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the
reception complete (RX1) interrupt. Since the generation of areceive error during the SCI
reception operation will disable subsequent reception, the CPU should be enabled to accept
receive error interrupts.

[5] Each time the reception of one byte of data has been completed on the SCI, the RDRF flag in
SSRisset to 1, an RXI interrupt is generated, and the DTC is activated. The receive datais
transferred from RDR to RAM by the DTC. DAR isincremented and CRA is decremented.
The RDRF flag is automatically cleared to 0.

[6] When CRA becomes 0 after 128 data transfers have been completed, the RDRF flag is held at
1, the DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine will perform wrap-up processing.
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7.7.2 Softwar e Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the transfer destination addressiis
H'2000. The vector number is H'60, so the vector address is H'04CO.

[1] Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 =1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the transfer destination address (H'2000)
in DAR, and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04C0).

[3] Check that the SWDTE bitin DTVECR is 0. Check that thereis currently no transfer activated
by software.

[4] Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write datais H'EOQ.

[5] Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and ablock of 128 bytes of datais transferred.

[7] After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE bit to 0 and perform wrap-up processing.
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7.8 Usage Notes

781 M odule Stop M ode Setting

DTC operation can be enabled or disabled by the module stop control register (MSTPCR). In the
initial state, DTC operation is enabled. Accessto DTC registersis disabled when module stop
modeis set. Note that when the DTC is being activated, module stop mode can not be specified.
For details, see section 24, Power-Down Modes.

782 On-Chip RAM

MRA, MRB, SAR, DAR, CRA, and CRB are dl located in on-chip RAM. When the DTC is used,
the RAME bit in SY SCR should not be cleared to O.

7.8.3 DTCE Bit Setting

For DTCE hit setting, use bit manipulation instructions such as BSET and BCLR, for reading and
writing. Multiple DTC activation sources can be set at one time (only at the initial setting) by
masking al interrupts and writing data after executing a dummy read on the relevant register.

784 Setting Required on Entering Subactive M ode or Watch Mode

Set the MSTP14 hit in MSTPCRH to 1 to make the DTC enter module stop mode, then confirm
that is set to 1 before making a transition to subactive mode or watch mode.

7.85 DTC Activation by Interrupt Sourcesof SCI, I1C, LPC, or A/D Converter

Interrupt sources of the SCI, 11C, LPC, or A/D converter which activate the DTC are cleared when
DTC reads from or writes to the respective registers, and they cannot be cleared by the DISEL bit
in MRB.
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Section 8 1/0 Ports

Table 8.1 isasummary of the port functions. The pins of each port also function as input/output
pins of peripheral modules and interrupt input pins. Each input/output port includes a data
direction register (DDR) that controls input/output and data registers (DR and ODR) that store
output data. DDR, DR, and ODR are not provided for an input-only port.

Ports 1 to 3, 6, and B to F have built-in input pull-up MOSs. Port 1 to 3, C, and D can drive LEDs
(with 5-mA current sink).

P52, P97, P86, P42, and ports A and G are NMOS push-pull output.

Table8.1 Port Functions

Port Description Mode 2, Mode 3 I/O Status
Port 1  General I/O port P17 Built-in input pull-up MOSs
P16 LED drive capability
P15 (sink current 5 mA)
P14
P13
P12
P11
P10

Port2 General I/O port also P27/PW15 Built-in input pull-up MOSs
functioning as PWM P26/PW14
output

LED drive capability
P25/PW13 (sink current 5 mA)
P24/PW12

P23/PW11

P22/PW10

P21/PW9

P20/PW8
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Port Description Mode 2, Mode 3 I/O Status
Port 3 General I/O port also P37/SERIRQ Built-in input pull-up MOSs
functioning as LPC P36/LCLK LED drive capability
input/output
P35/LRESET (sink current 5 mA)
P34/LFRAME
P33/LAD3
P32/LAD2
P31/LAD1
P30/LADO
Port 4 General I/O port also P47/PWX1
functioning as interrupt P46/PWXO0
input, PWMX output,
TMR_O0, P45/TMRI1
and TMR_1, SCI_2, P44/TMO1
IC_1, and LPC P43/TMCI1
inputs/outputs
P42/ExIRQ7/TMRIO/SCK2/
SDA1
P41/TMO0/RxD2/DCLKRUN
P40/TMCI0/TxD2/DSERIRQ
Port5 General I/O port also P52/ExIRQ6/SCLO
functioning as interrupt P51/ TMOY
input, IIC_0 input/output,
TMR_Y output, and P50/EXEXCL
external sub-clock input
Port 6 General I/O port also P67/IRQ7/KIN7/TMOX Built-in input pull-up MOSs and
functioning as interrupt P66/IRQB/KING/FTOB noise canceller

input, TMR_Y, keyboard
input, FRT, and TMR_X
inputs/outputs

P65/KIN5/FTID
P64/KIN4/FTIC
P63/KIN3/FTIB
P62/KIN2/FTIA/TMIY
P61/KINT/FTOA
P60/KINO/FTCI/TMIX
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Port Description Mode 2, Mode 3 I/O Status
Port 7 General input port also P77/AN7
functioning as interrupt P76/ANG
input and A/D converter
analog input P75/ExIRQ5/AN5
P74/ExIRQ4/AN4
P73/ExIRQ3/AN3
P72/ExIRQ2/AN2
P71/ExIRQ1/AN1
P70/ExIRQO/ANO
Port 8 General I/O port also P86/IRQ5/SCK1/SCLA1
functioning as interrupt P85/IRQ4/RxD1/IrRxD
input, SCI_1, IrDA
interface, ||C_1, and LPC P84/IRQ3/TxD1/IrTxD
inputs/outputs P83/LPCPD
P82/CLKRUN
P81/GA20
P80/PME
Port9 General I/O port also P97/IRQ15/SDAO Built-in input pull-up MOSs
functioning as AID P96/O/EXCL (P95 to P90)
converter external trigger,
external sub-clock, P95/IRQ14
interrupt input, system P94/IRQ13
plock output, and IIC_0 P93/RQID
input/output
P92/IRQO
P91/IRQ1
P90/IRQ2/ADTRG
Port A General I/O port also PA7/KIN15/PS2CD
functioning as keyboard -
input and KBU PA6/KIN14/PS2CC
input/output PAS/KINT3/PS2BD
PA4/KIN12/PS2BC
PA3/KIN11/PS2AD
PA2/KIN10/PS2AC
PA1/KIN9
PAO/KINS
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Port Description Mode 2, Mode 3 I/O Status
Port B General I/O port also PB7/WUE7/DLADO Built-in input pull-up MOSs
functioning as wake-up __
event input and LPC PB6/WUEG/DLAD1
input/output PB5/WUES/DLAD2
PB4/WUE4/DLAD3
PB3/WUES3/DLFRAME
PB2/WUE2
PB1/WUE1/LSCI
PBO/WUEOQ/LSMI
Port C  General I/O port also PC7/WUE15/DLDRQ Built-in input pull-up MOSs and
functioning wake-up event - noise canceller
input and LPC PC6/WUE14/LDRQ
input/output PC5/WUET3 LED drive capability
PC4/WUET2 (sink current 5 mA)
PC3/WUE11
PC2/WUE10
PC1/WUE9
PCO/WUES8
Port D General I/O port also PD7/TIOCB2/TCLKD Built-in input pull-up MOSs
functioning as TPU ) B
input/output PD6/TIOCA2 LED drive capability
PD5/TIOCB1/TCLKC (sink current 5 mA)
PD4/TIOCA1
PD3/TIOCDO/TCLKB
PD2/TIOCCO/TCLKA
PD1/TIOCBO
PDO/TIOCAO
Port E General input port also PE4*/ETMS Built-in input pull-up MOSs
functioning as LPC input
and emulator input PE3*/ETDO
PE2*/ETDI
PE1*/ETCK
PEO/LID3
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Port Description Mode 2, Mode 3 I/O Status
Port F  General I/O port also PF7/ExPW15 Built-in input pull-up MOSs
functioning as interrupt
input, and PWM and PF6/ExPW14
TMR_X outputs PF5/ExPW13
PF4/ExPW12
PF3/IRQ11/ExXTMOX
PF2/IRQ10
PF1/IRQ9
PFO/IRQ8
Port G General I/O port also PG7/ExIRQ15/ExSCLB Built-in noise canceller

interrupt input, TMR_O,
TMR_1, TMR_X, and PG6/ExIRQ14/ExSDAB

TMR_Y inputs, and IIC_0O e TSTaY LY

and lIC_1 inputs/outputs PGS/EXIRQT3/EXSCLA
PG4/ExIRQ12/ExSDAA
PG3/ExIRQ11/EXTMIY
PG2/ExIRQ10/EXTMIX

PG1/ExIRQ9/EXTMCIA
PGO/ExIRQ8/ExTMCIO
Note: * Not supported in the system development tool (emulator).
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8.1 Port 1

Port 1 isan 8-bit I/O port. Port 1 has a built-in input pull-up MOS that can be controlled by
software. Port 1 has the following registers.

e Port 1 datadirection register (PLDDR)
e Port 1 dataregister (PLDR)
e Port 1 pull-up MOS control register (PLPCR)

8.1.1 Port 1 Data Direction Register (PADDR)

Theindividua bits of PADDR specify input or output for the pins of port 1.

o]
=

Bit Name Initial Value R/W Description

P17DDR
P16DDR
P15DDR
P14DDR
P13DDR
P12DDR
P11DDR
P10DDR

=

The corresponding port 1 pins are output ports
when P1DDR bits are set to 1, and input ports when
cleared to 0.

ol =[N W[~ O[O|
o|Oo|O0O|O|OC|O|O| O
= =

Rev. 3.00 Jul. 14, 2005 Page 164 of 986
REJ09B0098-0300 RENESAS



Section 8 /0O Ports

812 Port 1 Data Register (P1DR)

P1DR stores output data for the port 1 pins.

Bit Bit Name Initial Value R/W Description

7 P17DR 0 R/W P1DR stores output data for the port 1 pins that are
6 P16DR 0 RIW used as the general output port.

SNGL I e e e oot
4 P14DR 0 R/W read is performed while the P1DDR bits are cleared
3 P13DR 0 R/W to 0, the pin states are read.

2 P12DR 0 R/W

1 P11DR 0 R/W

0 P10DR 0 R/W

8.1.3 Port 1 Pull-Up MOS Control Register (P1PCR)

P1PCR controls the on/off state of the input pull-up MOS for port 1 pins.

Bit Bit Name Initial Value R/W Description

7 P17PCR 0 R/W When the pins are in input state, the corresponding

6 P16PCR 0 R/W input pull-up MOS is turned on when a P1PCR bit
is setto 1.

5 P15PCR 0 R/W

4 P14PCR 0 R/W

3 P13PCR 0 R/W

2 P12PCR 0 R/W

1 P11PCR 0 R/W

0 P10PCR 0 R/W
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814 Pin Functions

e P17, P16, P15, P14, P13, P12, P11, P10
The function of port 1 pinsis switched as shown below according to the PLnDDR bit.

P1nDDR 0 1

Pin function P1n input pin P1n output pin

Note: n=7to0

8.1.5 Port 1 Input Pull-Up MOS

Port 1 has a built-in input pull-up MOS that can be controlled by software. Table 8.2 summarizes
the input pull-up MOS states.

Table8.2 Port 1Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off On when P1DDR = 0 and P1PCR = 1; otherwise off.
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8.2 Port 2

Port 2 isan 8-bit I/O port. Port 2 pins also functions as PWM output pins. Port 2 has a built-in
input pull-up MOS that can be controlled by software. Port 2 has the following registers.

e Port 2 datadirection register (P2DDR)
e Port 2 dataregister (P2DR)
e Port 2 pull-up MOS control register (P2PCR)

8.2.1 Port 2 Data Direction Register (P2DDR)

Theindividua bits of P2DDR specify input or output for the pins of port 2.

Bit Bit Name Initial Value R/W Description

7 P27DDR 0 w The corresponding port 2 pins are output ports or

6 P26DDR 0 W PWM outputs when the P2DDR bits are set to 1,
and input ports when cleared to 0.

5 P25DDR 0 W

4 P24DDR 0 W

3 P23DDR 0 W

2 P22DDR 0 W

1 P21DDR 0 W

0 P20DDR 0 W
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822 Port 2 Data Register (P2DR)

P2DR stores output data for the port 2 pins.

Bit Bit Name Initial Value R/W Description
7 P27DR 0 R/W P2DR stores output data for the port 2 pins that are
6 P26DR 0 RIW used as the general output port.

If a port 2 read is performed while the P2DDR bits
S P25DR 0 RW are set to 1, the P2DR values are read. If a port 2
4 P24DR 0 R/W read is performed while the P2DDR bits are
3 P23DR 0 R/W cleared to 0, the pin states are read.
2 P22DR 0 R/W
1 P21DR 0 R/W
0 P20DR 0 R/W

8.2.3 Port 2 Pull-Up MOS Control Register (P2PCR)
P2PCR controls the on/off state of the input pull-up MOS for port 2 pins.

Bit Bit Name Initial Value R/W Description

7 P27PCR 0 R/W When the pins are in input state, the corresponding
6 P26PCR 0 R/W input pull-up MOS is turned on when a P2PCR bit
is setto 1.

5 P25PCR 0 R/W

4 P24PCR 0 R/W

3 P23PCR 0 R/W

2 P22PCR 0 R/W

1 P21PCR 0 R/W

0 P20PCR 0 R/W
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824 Pin Functions

e P27/PW15, P26/PW14
The function of port 2 pinsis switched as shown below according to the combination of the
PWMAS bit in PTCNTO, the OEm bit in PWOERB of PWM, and the P2nDDR bit.

PWMAS 0 1

P2nDDR 0 1 0 | 1

OEm — 0 1 —

Pin function | P2n input pin | P2n output pin | PWm output pin | P2n input pin ‘ P2n output pin

Note: n=7to6
m=15to 14

o P25/PW13, P24/PW12
The function of port 2 pinsis switched as shown below according to the combination of the
PWMBS bit in PTCNTO, the OEm bit in PWOERB of PWM, and the P2nDDR bit.

PWMBS 0 ]
P2nDDR 0 1 0 | 1

OEm — 0 1 —

Pin function | P2n input pin | P2n output pin | PWm output pin | P2n input pin ‘ P2n output pin

Note: n=5t04
m=131t0 12

o P23/PW11, P22/PW10, P21/PW9, P20/PW8
The function of port 2 pinsis switched as shown below according to the combination of the
OEm bit in PWOERA of PWM and the P2nDDR hit.

P2nDDR 0 1
OEm — 0 1
Pin function P2n input pin P2n output pin PWm output pin
Note: n=3t00
m=11t08
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8.25 Port 2 Input Pull-Up MOS

Port 2 has a built-in input pull-up MOS that can be controlled by software. Table 8.3 summarizes
the input pull-up MOS states.

Table8.3 Port 2 Input Pull-Up MOS States

Hardware Standby  Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off:  On when P2DDR = 0 and P2PCR = 1; otherwise off.
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8.3 Port 3

Port 3 isan 8-bit I/O port. Port 3 pins also function as L PC input/output pins. Port 3 has a built-in
input pull-up MOS that can be controlled by software. Port 3 has the following registers.

e Port 3 datadirection register (P3DDR)
e Port 3 dataregister (P3DR)
e Port 3 pull-up MOS control register (P3PCR)

8.3.1 Port 3 Data Direction Register (P3DDR)

Theindividua bits of P3BDDR specify input or output for the pins of port 3.

o]
=

Bit Name Initial Value R/W Description
P37DDR
P36DDR
P35DDR
P34DDR
P33DDR
P32DDR
P31DDR
P30DDR

=

The corresponding port 3 pins are output ports
when P3DDR bits are set to 1, and input ports
when cleared to 0.

o|l=|d|w|ala|lo|~
o|lo|lo|o|o|o|o|o
=3 I3 - I IR -
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832 Port 3 Data Register (P3DR)

P3DR stores output data for the port 3 pins.

Bit Bit Name Initial Value R/W Description
7 P37DR 0 R/W P3DR stores output data for the port 3 pins that are
6 P36DR 0 RIW used as the general output port.

If a port 3 read is performed while the P3DDR bits
S P3SDR 0 RW are set to 1, the P3DR values are read. If a port 3
4 P34DR 0 R/W read is performed while the P3DDR bits are cleared
3 P33DR 0 R/W to 0, the pin states are read.
2 P32DR 0 R/W
1 P31DR 0 R/W
0 P30DR 0 R/W

8.3.3 Port 3 Pull-Up MOS Control Register (P3PCR)

P3PCR controls the on/off state of the input pull-up MOS for port 3 pins.

Bit Bit Name Initial Value R/W Description

7 P37PCR 0 R/W When the pins are in input state, the corresponding
6 P36PCR 0 RIW inﬁtﬁ)p;ull-up MOS is turned on when a P3PCR bit is
5  P35PCR 0 o

4 P34PCR 0 R/W

3 P33PCR 0 R/W

2 P32PCR 0 R/W

1 P31PCR 0 R/W

0 P30PCR 0 R/W
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8.34 Pin Functions

o P37/SERIRQ, P36/LCLK, P35/LRESET, P34/LFRAME, P33/LAD3, P32/LAD2, P31/LAD1,
P30/LADO
The function of port 3 pinsis switched as shown below according to the combination of the
LPCA4E bit in HICR4 of LPC, LPC3E to LPC1E bitsin HICRO, LMCE bit in LMCCR1, and
the P3nDDR bit. LPCENABLE in the following table is expressed by the following logical
expressions.
LPCENABLE =1: LPC4E + LPC3E + LPC2E + LPC1E + LMCE

LPCENABLE 0 1
P3nDDR 0 1 —
Pin function P3n input pins P3n output pins LPC input/output pin

Note: n=7to0

8.35 Port 3 Input Pull-Up MOS

Port 3 has a built-in input pull-up MOS that can be controlled by software. Table 8.4 summarizes
the input pull-up MOS states.

Table8.4 Port 3Input Pull-Up MOS States

Hardware Standby  Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off: On when P3DDR = 0 and P3PCR = 1; otherwise off.
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8.4 Port 4

Port 4 isan 8-bit I/O port. Port 4 pins also function as interrupt input, PWM X output, TMR_O,
TMR_1, SCI_2, IIC_1, and LPC input/output pins. The output format for P42 and SCK2 is
NMOS push-pull output. The output format for SDA1 is NMOS open-drain output. Port 4 has the
following registers.

e Port 4 data direction register (PADDR)
o Port 4 dataregister (PADR)

8.4.1 Port 4 Data Direction Register (P4ADDR)

Theindividua bits of PADDR specify input or output for the pins of port 4.

Bit Bit Name Initial Value R/W Description

7 P47DDR 0 W If port 4 pins are specified for use as the general
6 P4DDR 0 W ont when the PADDR b are set 10 1 and input
5 P45DDR 0 w ports when cleared to 0.

4 P44DDR 0 w

3 P43DDR 0 w

2 P42DDR 0 w

1 P41DDR 0 w

0 P40DDR 0 w
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84.2 Port 4 Data Register (PADR)

PADR stores output data for the port 4 pins.

Bit Bit Name Initial Value R/W Description
7 P47DR 0 R/W P4DR stores output data for the port 4 pins that are
6 P46DR 0 RIW used as the general output port.

If a port 4 read is performed while the P4DDR bits
S P4SDR 0 RW are set to 1, the P4DR values are read. If a port 4
4 P44DR 0 R/W read is performed while the P4DDR bits are cleared
3 P43DR 0 R/W to 0, the pin states are read.
2 P42DR 0 R/W
1 P41DR 0 R/W
0 P40DR 0 R/W

84.3 Pin Functions

o P47/PWX1

The pin function is switched as shown below according to the combination of the OEB bit in
DACR of PWMX, and P47DDR hit.

OEB 0 1
P47DDR 0 1 —

Pin function P47 input pin P47 output pin PWX1 output pin
o P46/PWMXO0

The pin function is switched as shown below according to the combination of the OEA bit in
DACR of PWMX, and the PA6DDR hit.

OEA 0 1
P46DDR 0 1 —
Pin function P46 input pin P46 output pin PWXO0 output pin
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e P45/TMRI1
The pin function is switched as shown below according to the PASDDR hit.

When the CCLR1 and CCLRO bitsin TCR of TMR_1 are set to 1, this pin is used as the
TMRI1 input pin.

P45DDR 0 1

Pin function P45 input pin P45 output pin

TMRI1 input pin

o P44/TMO1

The pin function is switched as shown below according to the combination of the OS3 to OS0
bitsin TCR of TMR_1 and the P44DDR hit.

0S3 to OSO AllO One bit is set as 1
P44DDR 0 1 —

Pin function P44 input pin P44 output pin TMO1 output pin
o PA3/TMCI1

The pin function is switched as shown below according to the P43DDR hit. When the external
clock is selected by the CKS2 to CK SO bitsin TCR of TMR_1, this pin can be used asthe
TMCII input pin.

P43DDR 0 1

Pin function P43 input pin P43 output pin

TMCI1 input pin

e P42/ExIRQ7/TMRIO/SCK2/SDA1

The pin function is switched as shown below according to the combination of the SDA1AS
and SDA1BS bitsin PTCNTL, ICE bitin ICCR of IIC_1, CKE1 and CKEO bitsin SCR of
SCl_2, C/A bitin SMR, and the P42DDR bit. When the CCLR1 and CCLRO bitsin TCR of
TMR_O areset to 1, thispinis used as the TMRIO input pin. When the ISS7 bit in ISSR and
the IRQ7E hit in IER of the interrupt controller are set to 1, this pin can be used as the
ExIRQ7 interrupt input pin. ICENABLE in the following table is expressed by the following
logical expressions.

IICENABLE =1:ICE+« SDA1AS « SDA1BS
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IICENABLE 0 1

CKET1 0 1 0

C/A 0 1 — 0

CKEO 1 — — 0

P42DDR 0 1 — — — —

Pin function | P42input | P42 output | SCK2 output | SCK2 output | SCK2 input | SDAT input/output
pin pin pin pin pin pin

ExIRQ7 input pin/TMRIO input pin

Note: To use this pin as the SDA1 input/output pin, clear the SDA1AS and SDA1BS bits in
PTCNT1, CKE1 and CKEO bits in SCR of SCI_2, and C/A bit in SMR to 0. The output
format for SDA1 is NMOS output only, and direct bus drive is possible. When this pin is
used as the P42 output pin or SCK2 output pin, the output format is NMOS push-pull output.

e PAUTMOO/RXD2/DCLKRUN

The pin function is switched as shown below according to the combination of the OS3 to OS0
bitsin TCSR of TMR_0, RE hit in SCR of SCI_2, LPCS hit in PTCNT2 and the P41DDR bits.

LPCS 0 1

0S3 to OS0 AllO One bit is set as 1 —

RE 1 0 —

P41DDR 0 1 — — —

Pin function P41 input pin | P41 output pin | RxD2 input pin | TMOO output pin DCLKRUN
input/output pin

Note: To use this pin as the TMOO output pin, clear the RE bit in SCR of SCI_2 to 0.

e PA0/TMCIO/TXxD2/DSERIRQ

The pin function is switched as shown below according to the combination of the TE bit in

SCR of SCI_2, LPCS bit in PTCNT2, and the P4A0DDR bits. When the TMI0S bit in PTCNTO
iscleared to 0 and the external clock is selected by the CKS2 to CKS0 bitsin TCR of TMR_O,
this bit is used as the TMCIO input pin.

LPCS 0 1

TE 0 1 —

P40DDR 0 1 — —

Pin function P40 input pin P40 output pin TxD2 output pin DSERIRQ input/output pin

TMCIO input pin

RENESAS
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85 Port 5

Port 5isa 3-bit 1/O port. Port 5 pins aso function as interrupt input pins, [1C_0 input/output pin,
TMR_Y output pin, and the external sub-clock input pin. The output format for P52 isNMOS
push-pull output. Port 5 has the following registers.

e Port 5 data direction register (P5DDR)

e Port 5 dataregister (P5SDR)

851 Port 5 Data Direction Register (PSDDR)

Theindividua bits of PSDDR specify input or output for the pins of port 5.

Bit Bit Name Initial Value R/W Description

7t03 — Undefined — Reserved
These bits cannot be modified.

2 P52DDR 0 w If port 5 pins are specified for use as the general I/O
1 P51DDR 0 port, the corresponding port 5 pins are output ports

when the P5DDR bits are set to 1, and input ports
0 P50DDR 0 w when cleared to 0.

=

8.5.2 Port 5 Data Register (P5DR)
P5DR stores output data for the port 5 pins.

Bit Bit Name |Initial Value R/W Description

7t03 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 P52DR 0 R/W P5DR stores output data for the port 5 pins that are
1 P51DR 0 R/W used as the general output port.

If a port 5 read is performed while the PSDDR bits
are set to 1, the P5DR values are read. If a port 5
read is performed while the P5DDR bits are cleared
to 0, the pin states are read.

0 P50DR 0 R/W
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8.5.3

Pin Functions

e P52/EXIRQ6/SCLO
The pin function is switched as shown below according to the combination of the SCLOAS
and SCLOBS bitsin PTCNTL, ICE hit in ICCR of I1C_1, and the P52DDR bhit.

When the IRQ6E bit in IER of the interrupt controller is set to 1, this pin can be used as the

ExIRQ6 interrupt input pin. ICENABLE in the following table is expressed by the following
logical expressions.
[ICENABLE =1: ICE « SCLOAS » SCLOBS

IICENABLE 0 1
P52DDR 0 1 —
Pin function P52 input pin P52 output pin SCLO input/output pin

ExIRQ6 input pin

Note: To use this pin as the SCLO input/output pin, clear the SCLOAS and SCLOBS bits in
PTCNT1 to 0. The output format for SCLO is NMOS output only, and direct bus drive is
possible. When this pin is used as the P52 output pin, the output format is NMOS push-pull

output.

e P5UTMOY

The pin function is switched as shown below according to the combination of the OS3 to OS0
bitsin TCSR of TMR _Y and the P51DDR hit.

0OS3 to 0OS0 AllO One bit is set as 1
P51DDR 0 1 —

Pin function P51 input pin P51 output pin TMOY output pin
e P50/EXEXCL

The pin function is switched as shown below according to the combination of the EXCLS hit
in PTCNTO, EXCLE bit in LPWRCR, and the PSODDR bhit.

To use this pin as the EXEXCL input pin, clear the PSODDR hit to O.

EXCLS 0 1

P50DDR 0 | 1 0 1
EXCLE — 0 1 0

Pin function P50 input pin‘ P50 output pin| P50 input pin | EXEXCL input pin | P50 output pin
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8.6 Port 6

Port 6 isan 8-bit I/O port. Port 6 pins also function as the interrupt input pin, TMR_Y, keyboard
and noise cancel input pins, FRT, and TMR_X input/output pin. Port 6 can change the input level
for four levels. Port 6 has the following registers.

o Port 6 data direction register (P6DDR)

o Port 6 dataregister (P6DR)

e Pull-up MOS control register (KMPCR)

e System control register 2 (SY SCR2)

o Noise canceller enable register (PGNCE)

e Noise canceller decision control register (PEBNCMC)
e Noise cancel cycle setting register (PGNCCS)

8.6.1 Port 6 Data Direction Register (P6DDR)

Theindividua bits of PBDDR specify input or output for the pins of port 6.

Bit Bit Name Initial Value

T
s

Description

P67DDR 0
P66DDR
P65DDR
P64DDR
P63DDR
P62DDR
P61DDR
0 PE0DDR

The corresponding port 6 pins are output ports
when P6DDR bits are set to 1, and input ports
when cleared to 0.

Nfw|h~lOO|O| N

—_

oOjlo|lojo|O|O| O
S
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8.6.2 Port 6 Data Register (P6DR)

P6DR stores output data for the port 6 pins.

Bit Bit Name Initial Value R/W Description
7 P67DR 0 R/W P6DR stores output data for the port 6 pins that are
6 P66DR 0 RIW used as the general output port.

If a port 6 read is performed while the P6DDR bits
S P6SDR 0 R/W are set to 1, the P6DR values are read. If a port 6
4 P64DR 0 R/W read is performed while the P6DDR bits are
3 P63DR 0 R/W cleared to 0, the pin states are read.
2 P62DR 0 R/W
1 P61DR 0 R/W
0 P60DR 0 R/W

8.6.3 Pull-Up MOS Control Register (KMPCR)

KMPCR controls the on/off state of the input pull-up MOS for port 6 pins.

Bit Bit Name Initial Value R/W Description

7 KM7PCR 0 R/W When the pins are in input state, the corresponding
6 KM6PCR 0 R/W input pull-up MOS is turned on when a KMPCR bit

is setto 1.

5 KM5PCR 0 R/W

4 KM4PCR 0 R/W

3 KM3PCR 0 R/W

2 KM2PCR 0 R/W

1 KM1PCR 0 R/W

0 KMOPCR 0 R/W
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8.6.4 Noise Canceller Enable Register (P6NCE)

PENCE enables or disables the noise cancel circuit at port 6.

Bit Bit Name Initial Value R/W Description

7 P67NCE 0 R/wW Noise cancel circuit is enabled when P6NCE bit is
o _pomce o e ot "
5 P65NCE 0 R/W

4 P64NCE 0 R/W

3 P63NCE 0 R/W

2 P62NCE 0 R/W

1 P61NCE 0 R/W

0 P60ONCE 0 R/W

8.6.5 Noise Canceller Mode Control Register (P6NCM C)
PENCMC controls whether 1 or 0 is expected for the input signal to port 6 in bit units.

Bit Bit Name Initial Value R/W Description

7 P67NCMC 0 R/W 1 expected: 1 is stored in the port data register
6 P66NCMC 0 RIW when 1 is input stably

5 PESNCMC 0 R/W 0 expected: xrllser?tgrgd":&j?ztgglr; data register
4 P64NCMC 0 R/W

3 P63NCMC 0 R/W

2 P62NCMC 0 R/W

1 P61NCMC 0 R/W

0 P6ONCMC 0 R/W
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8.6.6

Noise Cancel Cycle Setting Register (P6NCCYS)

PBNCCS controls the sampling cycles of the noise canceller.

Bit Bit Name Initial Value R/W Description
7t03 — Undefined R/W Reserved
The read data is undefined. The write value should
always be 0.
2 P6NCCK2 0 R/W These bits set the sampling cycles of the noise
1 P6NCCK1 0 rw  canceller.
0 P6NCCKO 0 rw  When¢is 10 MHz
000: 0.80 us ¢/2
001: 12.8 us ¢/32
010: 3.3ms $/8192
011: 6.6 ms $/16384
100: 13.1ms $/32768
101: 26.2 ms $/65536
110: 52.4 ms /131072
111: 1049 ms ¢/262144
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Figure8.2 Noise Cancel Operation
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8.6.7 System Control Register 2 (SYSCR2)

SY SCR2 controls the port 6 input level selection and the current specifications for the port 6 input

pull-up MOSs.
Bit Bit Name Initial Value R/W Description
7 KWULA1 0 R/W Key Wakeup Level 1, 0
6 KWULO 0 R/W Select the port 6 input level.
00: Standard input level is selected
01: Input level 1 is selected
10: Input level 2 is selected
11: Input level 3 is selected
5 P6PUE 0 R/W Port 6 Input Pull-Up Extra
Selects the current specification for the input pull-
up MOS.
0: Standard current specification is selected
1: Current-limit specification is selected
4t00 — All O R/W Reserved

The initial value should not be changed.

8.6.8 Pin Functions

o P67/IRQ7/KINT/TMOX

The function of port 6 pinsis switched as shown below according to the combination of the
TMOXS bit in PTCNTO, OS3 to OS0 bitsin TCSR of TMR_X, and the P67DDR bhit.

When the KMIMRY bitin KMIMR of the interrupt controller is cleared to 0, this pin can be
used as the KIN7 input pin. When the 1SS7 bit in ISSR is cleared to 0 and the IRQ7E bit in
IER of theinterrupt controller is set to 1, this pin can be used as the IRQ7 interrupt input pin.

TMOXS 0 1

083 to OS0 AllO One bit is set as 1 —

P67DDR 0 1 — 0 1

Pin function P67 input pin P67 output pin TMOX output pin P67 input pin P67 output pin
TRQ7 input pin/KIN7 input pin
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e P66/IRQ6/KIN6/FTOB
The function of port 6 pinsis switched as shown below according to the combination of the
OEB bitin TOCR of FRT and the P66DDR bit.

When the KMIMRS bit in KMIMR of the interrupt controller is cleared to 0, this pin can be
used as the KIN6 input pin. When the EIVS bit in SYSCR is cleared to 0 and the IRQ6E bit in
IER of the interrupt controller is set to 1, this pin can be used as the IRQ6 interrupt input pin.

OEB 0 1

P66DDR 0 1 —

Pin function P66 input pin P66 output pin FTOB output pin
TRQ6 input pin/KING input pin

e P65/KIN5/FTID
The function of port 6 pinsis switched as shown below according to the P65DDR bit.
When the ICIDE bit in TIER of FRT is set to 1, this pin can be used asthe FTID input pin.

When the KMIMRS bit in KMIMR of the interrupt controller is cleared to 0, this pin can be
used as the KINS5 input pin.

P65DDR 0 1

Pin function P65 input pin P65 output pin

KIN5 input pin/FTID input pin

e PB4/KIN4/FTIC
The function of port 6 pinsis switched as shown below according to the P64DDR bit.

When the ICICE bit in TIER of FRT is set to 1, this pin can be used as the FTIC input pin.
When the KMIMR4 bitin KMIMR of the interrupt controller is cleared to 0, this pin can be
used as the KIN4 input pin.

P64DDR 0 1

Pin function P64 input pin P64 output pin

KIN4 input pin/FTIC input pin
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P63/KIN3/FTIB

The function of port 6 pinsis switched as shown below according to the P63DDR bit.
When the ICIBE bit in TIER of FRT is set to 1, this pin can be used as the FTIB input pin.
When the KMIMRS3 bitin KMIMR of the interrupt controller is cleared to 0, this pin can be
used as the KIN3 input pin.

P63DDR 0 1

Pin function P63 input pin P63 output pin

KINS input pin/FTIB input pin

P62/KIN2/FTIA/TMIY

The function of port 6 pinsis switched as shown below according to the P62DDR bit. When
the ICIAE bit in TIER of FRT isset to 1, this pin can be used asthe FTIA input pin. When the
TMIYShitin PTCNTO iscleared to 0 and the CCLR1 and CCLRO bitsin TCR of TMR_Y are
both set to 1, thispin isused asthe TMIY (TMRIY) input pin. When the KMIMR2 bit in
KMIMR of the interrupt controller is cleared to 0, this pin can be used as the KIN2 input pin.

P62DDR 0 ]

Pin function P62 input pin P62 output pin

KIN2 input pin/FTIA input pin/TMIY input pin

P6L/KIN1/FTOA

The function of port 6 pinsis switched as shown below according to the combination of the
OEA bit in TOCR of FRT and the P61DDR hit.

When the KMIMR1 bit in KMIMR of the interrupt controller is cleared to 0, this pin can be
used as the KIN1 input pin.

OEA 0 1

P61DDR 0 1 —

Pin function P61 input pin P61 output pin FTOA output pin
KINT input pin
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e PBO/KINO/FTCI/TMIX
The function of port 6 pinsis switched as shown below according to the P6ODDR bit.
When the CKS1 and CKSO0 bitsin TCR of FRT are both set to 1, this pin can be used as the
FTCI input pin. When the TMIXS bit in PTCNTO is cleared to 0 and the CCLR1 and CCLRO
bitsin TCR of TMR_X are both set to 1, this pin is used as the TMIX(TMRIX) input pin.
When the KMIMRO bit in KMIMR of the interrupt controller is cleared to 0, this pin can be
used as the KINO input pin.

P60DDR 0 1

Pin function P60 input pin P60 output pin

KINO input pin/FTCI input pin/TMIX input pin

869  Port6Input Pull-Up MOS

Port 6 has a built-in input pull-up MOS that can be controlled by software. Port 6 can selects the
current specification for the input pull-up MOSs by the PEBPUE bit. When the pin functions as an
output pin of the built-in peripheral function, the input pull-up MOS is always off. Table 8.5
summarizes the input pull-up MOS states.

Table85 Port 6 Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off: On when input state and KMPCR = 1; otherwise off.

Rev. 3.00 Jul. 14,2005 Page 188 of 986

REJ09B0098-0300 RENESAS



Section 8 /0O Ports

8.7 Port 7

Port 7 isan 8-bit input port. Port 7 pins also function as the interrupt input pins and A/D converter
analog input pins. Port 7 has the following register.

e Port 7 input data register (P7PIN)

8.7.1 Port 7 Input Data Register (P7PIN)

P7PIN indicates the pin states.

Bit Bit Name Initial Value R/W Description

7 P77PIN Undefined* R When a P7PIN read is performed, the pin states
6  P76PIN  Undefined* R are always read.

5 P75PIN Undefined* R

4 P74PIN Undefined* R

3 P73PIN Undefined* R

2 P72PIN Undefined* R

1 P71PIN Undefined* R

0 P70PIN Undefined* R

Note: * The initial value is determined in accordance with the pin states of P77 to P70.
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8.7.2 Pin Functions

e P77/AN7, PT6/ANG

Pin function ‘ P7n input pin/ANn input pin

Note: n=7,6

e P75/EXIRQ5/ANS, P74/EXIRQ4/AN4, P73/EXIRQ3/AN3, P72/EXIRQ2/AN2,
P7UEXIRQ1/AN1, P70/EXIRQO/ANO
When the |SS0On hit in ISSR and the IRQNE bit in IER of the interrupt controller are set to 1,
this pin can be used as the ExIRQn interrupt input pin.

Pin function P7n input pin/ExIRQnN input pin/ANN input pin

Note: n=5t00
When the interrupt input pin is set, do not use as the AN input pin.
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8.8 Port 8

Port 8 isa 7-bit 1/O port. Port 8 pins aso function as the interrupt input pins, SCI_1and I1IC_1
input/output pins, and L PC input/output pin. The output format for P86 and SCK1 is NMOS push-
pull output. The output format for SCL1 is NMOS open-drain output.

e Port 8 data direction register (PBDDR)

o Port 8 dataregister (PBDR)

881 Port 8 Data Direction Register (PBDDR)

Theindividua bits of PBDDR specify input or output for the pins of port 8.

Bit Bit Name Initial Value R/W Description

7 — Undefined — Reserved
This bit cannot be modified.

6 P86DDR 0 w If port 8 pins are specified for use as the general
s peooR 0 e o e e e o
4 P84DDR 0 W ports when cleared to 0.

3 P83DDR 0 w

2 P82DDR 0 w

1 P81DDR 0 w

0 P80DDR 0 w
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8.8.2 Port 8 Data Register (P8DR)
P8DR stores output data for the port 8 pins.

Bit Bit Name Initial Value R/W Description

7 — 1 — Reserved
The initial value should not be changed.

6 P86DR 0 R/W P8DR stores output data for the port 8 pins that are
5 P85DR 0 RIW used as the general output port.

If a port 8 read is performed while the P8DDR bits
4 P84DR 0 R/W are set to 1, the P8DR values are read. If a port 8
3 P83DR 0 R/W read is performed while the P8DDR bits are
2 P82DR 0 R/W cleared to 0, the pin states are read.
1 P81DR 0 R/W
0 P80DR 0 R/W
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8.8.3

Pin Functions

e P86/IRQ5/SCK1/SCL1
The pin function is switched as shown below according to the combination of the SCL1AS
and SCL1BS bitsin PTCNT1, ICE bit in ICCR of 1IC_1, C/A bit in SMR of SCI_1, CKEO
and CKEL1 bitsin SCR, and the PB6DDR bit. When the I SS5 bit in ISSR is cleared to 0 and the
IRQSE bit in IER of the interrupt controller is set to 1, this pin can be used as the IRQ5 input
pin. ICENABLE in the following table is expressed by the following logical expressions.
[ICENABLE =1:ICE« SCL1AS « SCL1BS

IICENABLE

0

1

CKET1

1

C/A

1

CKEO

1

0
— 0
0

P86DDR

0

1

Pin function

P86 input pin

P86 output pin

SCK1 output pin

SCK1 input pin

SCL1 input/output pin

IRQ5 input pin

Note: To use this pin as the SCL1 input/output pin, clear the SCL1AS and SCL1BS bits in
PTCNT1, CKE1, CKEO bits in SCR of SCI_1 and C/A bit in SMR to 0. The output format for
SCL1 is NMOS output only, and direct bus drive is possible. When this pin is used as the
P86 output pin or SCK1 output pin, the output format is NMOS push-pull output.

e P85/IRQ4/RxD1/IrRxD

The pin function is switched as shown below according to the combination of the RE bit in
SCR of SCI_1 and the PB5DDR hit. When the IS$4 hit in ISSR is cleared to 0 and the IRQ4E
bit in IER of the interrupt controller is set to 1, this pin can be used as the IRQ4 input pin.

RE 0 1
P85DDR 0 1 —
Pin function P85 input pin P85 output pin RxD1 input pin/IrRxD input pin
IRQ4 input pin
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P84/IRQ3/TxDLU/IrTxD

The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_1 and the PB4DDR hit. When the ISS3 hit in ISSR is cleared to 0 and the IRQ3E
bit in IER of the interrupt controller is set to 1, this pin can be used as the IRQ3 input pin.

TE 0 1

P84DDR 0 1 —

Pin function P84 input pin P84 output pin TxD1 output pin/IrTxD output pin
IRQS input pin

e P83/LPCPD

The pin function is switched as shown below according to the combination of the L PC4E bit
in HICR4 of LPC, LPC3E to LPC1E bitsin HICRO, LMCE bit in LMCCR1, and the PB3DDR
bit. LPCENABLE in the following table is expressed by the following logical expressions.

LPCENABLE : LPC4E + LPC3E + LPC2E + LPC1E + LMCE

LPCENABLE 0 1
P83DDR 0 1 —

Pin function P83 input pin P83 output pin LPCPD input pin
e P82/CLKRUN

The pin function is switched as shown below according to the combination of the L PC4E bit
in HICR4 of LPC, LPC3E to LPC1E bitsin HICRO, LMCE bit in LMCCR1, and the P82DDR
bit. LPCENABLE in the following table is expressed by the following logical expressions.
LPCENABLE : LPC4E + LPC3E + LPC2E + LPC1E + LMCE

LPCENABLE 0 1
P82DDR 0 1 —
Pin function P82 input pin P82 output pin CLKRUN input/output pin
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e PBUGA20

The pin function is switched as shown below according to the combination of the FGA20E bit
in HICRO of LPC and the P81DDR hit.

FGA20E 0 1
P81DDR 0 1 —

Pin function P81 input pin P81 output pin GA20 output pin
e PB0/PME

The pin function is switched as shown below according to the combination of the PMEE bit in
HICRO of LPC and the PBODDR bit.

PMEE 0 ]
P80ODDR 0 1 —
Pin function P80 input pin P80 output pin PME output pin
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8.9 Port 9

Port 9 isan 8-bit I/O port. Port 9 pins also function as the interrupt input pins, A/D converter
inputs, sub-clock input pin, 11C_0 1/0 pin, and the system clock output pin (¢). The output format
for P97 is NMOS push-pull output. The output format for SDAO is NMOS open-drain output, and
direct bus drive is possible. Port 9 has the following registers.

e Port 9 data direction register (PODDR)

o Port 9 dataregister (PODR)

e Port 9 pull-up MOS control register (POPCR)

8.9.1 Port 9 Data Direction Register (PODDR)

Theindividua bits of PODDR specify input or output for the pins of port 9.

Bit Bit Name Initial Value R/W Description

7 P97DDR 0 w The corresponding port 9 pins are output ports
when the P9DDR bits are set to 1, and input ports
when cleared to 0.

6 P96DDR 0 w When this bit is set to 1, the corresponding port 96
pin is the system clock output pin (¢).

5 P95DDR 0 W The corresponding port 9 pins are output ports

4 P94DDR 0 W when the PODDR bits are set to 1, and input ports
when cleared to 0.

3 P93DDR 0 w

2 P92DDR 0 w

1 P91DDR 0 w

0 P90DDR 0 w
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8.9.2 Port 9 Data Register (PO9DR)

PODR stores output data for the port 9 pins.

Bit Bit Name Initial Value R/W Description
7 P97DR 0 R/W P9DR stores output data for the port 9 pins that are
6 P96DR Undefined* R used as the general output port except for bit 6.

If a port 9 read is performed while the PODDR bits
S POSDR 0 R/W are set to 1, the P9DR values are read. If a port 9
4 P94DR 0 R/W read is performed while the PODDR bits are cleared
3 P93DR 0 R/W to 0, the pin states are read.
2 P92DR 0 R/W
1 P91DR 0 R/W
0 P90DR 0 R/W

Note: * The initial value of bit 6 is determined in accordance with the P96 pin state.

8.9.3 Port 9 Pull-Up M OS Control Register (P9PCR)

POPCR controls the on/off state of the input pull-up MOS for port 9 pins.

Bit Bit Name Initial Value R/W Description

7,6 — All O — Reserved
The initial value should not be changed.

5 P95PCR 0 R/W When the pins are in input state, the corresponding

4 P94PCR 0 RIW input pull-up MOS is turned on when a P9PCR bit
is setto 1.

3 P93PCR 0 R/W

2 P92PCR 0 R/W

1 P91PCR 0 R/W

0 P90PCR 0 R/W
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8.94 Pin Functions

o P97/IRQ15/SDAO
The pin function is switched as shown below according to the combination of the SDAOAS
and SDAOBS bitsin PTCNTL, ICE bit in ICCR of I1C_0, and the P97DDR hit. When the
ISS15 bit in ISSR16 is cleared to 0 and the IRQ15E bit in IER16 of the interrupt controller is
set to 1, this pin can be used as the IRQ15 input pin. ICENABLE in the following tableis
expressed by the following logical expressions.
[ICENABLE =1: ICE « SDAOAS « SDAOBS

IICENABLE 0 1

P97DDR 0 1 —

Pin function P97 input pin P97 output pin SDAO I/O pin
TRQ15 input pin

Note: The output format for SDAO is NMOS output only, and direct bus drive is possible. When
this pin is used as the P97 output pin, the output format is NMOS push-pull output.

e POG/G/EXCL

The pin function is switched as shown below according to the combination of the EXCL S hit
in PTCNTO, EXCLE bit in LPWRCR, and the P96DDR bhit.

EXCLS 0 1

P96DDR 0 1 0 | 1
EXCLE 0 1 — —

Pin function P96 input pin | EXCL input pin | ¢ output pin* | P96 input pin | ¢ output pin*

Note: * The subclock is output in subactive, subsleep, and watch modes.

e PO5/IRQ14
The pin function is switched as shown below according to the PO95DDR hit. When the 1SS14
bit in ISSR16 is cleared to 0 and the IRQ14E hit in IER16 of the interrupt controller isset to 1,
this pin can be used as the IRQ14 input pin.

P95DDR 0 ,

Pin function P95 input pin P95 output pin

IRQ14 input pin
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P94/IRQ13
The pin function is switched as shown below according to the P94DDR bit. When the 1SS13
bit in ISSR16 is cleared to 0 and the IRQ13E hit in IER16 of the interrupt controller is set to 1,

this pin can be used as the IRQ13 input pin.

P94DDR 0 1

Pin function P94 input pin P94 output pin
IRQ13 input pin

e PO93/IRQI2

The pin function is switched as shown below according to the PO3DDR bit. When the | SS12
bit in ISSR16 is cleared to 0 and the IRQ12E bit in IER16 of the interrupt controller is set to 1,
this pin can be used as the IRQ12 input pin.

P93DDR 0 1

Pin function P93 input pin P93 output pin
IRQ12 input pin

e P92/IRQO

The pin function is switched as shown below according to the P92DDR bit. When the |SSO bit
in ISSR is cleared to 0 and the IRQOE bit in IER of the interrupt controller is set to 1, thispin

can be used as the IRQO input pin.

P92DDR 0 1

Pin function P92 input pin P92 output pin
IRQO input pin

e PIOVIRQI

The pin function is switched as shown below according to the PO91DDR bit. When the I SS1 bit
in ISSR is cleared to 0 and the IRQLE hit in IER of the interrupt controller is set to 1, thispin

can be used asthe IRQ1 input pin.

P91DDR 0

1

Pin function

P91 input pin P91 output pin

IRQ1 input pin
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e P90/IRQ2/ADTRG
The pin function is switched as shown below according to the PSODDR hit.
When the TRGS1 and TRGSO hitsin ADCR are both set to 1, this pin can be used as the
ADTRG input pin.
When the ISS2 bit in ISSR is cleared to 0 and the IRQ2E bit in IER of the interrupt controller
isset to 1, this pin can be used as the IRQ2 input pin.

P90ODDR 0 1
Pin function P90 input pin P90 output pin
IRQ2 input pin/ADTRG input pin

895  Port9Input Pull-Up MOS

P95 to P90 have built-in input pull-up MOSs that can be controlled by software. Table 8.6
summarizes the input pull-up MOS states.

Table8.6 Port 9Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off

[Legend]

Off: Always off.

On/Off  On when P9DDR = 0 and P9PCR = 1; otherwise off.
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8.10 Port A

Port A isan 8-bit 1/0 port. Port A pins aso function as the keyboard input pins and KBU
input/output pins. The output format for port A is NMOS push-pull output.

Port A has the following registers. PADDR and PAPIN have the same address.

e Port A data direction register (PADDR)
e Port A output dataregister (PAODR)
e Port A input dataregister (PAPIN)

8.10.1 Port A Data Direction Register (PADDR)

Theindividua bits of PADDR specify input or output for the pins of port A.

@
P
=

Bit Name Initial Value
PA7DDR
PA6DDR
PASDDR
PA4DDR
PA3DDR
PA2DDR
PA1DDR
PAODDR

Description

The corresponding port A pins are output ports
when the PADDR bits are set to 1, and input ports
when cleared to 0.

o|l=|d|w|ala|lo|~
o|lo|lo|o|o|o|o|o
=3 I3 - - R R I
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8.10.2 Port A Output Data Register (PAODR)

PAODR stores output data for the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA70ODR 0 R/W PAODR stores output data for the port A pins that
6 PAGODR 0 RIW are used as the general output port.

5 PASODR 0 R/W

4 PA4ODR 0 R/W

3 PASODR 0 R/W

2 PA20DR 0 R/W

1 PA1ODR 0 R/W

0 PAOODR 0 R/W

8.10.3 Port A Input Data Register (PAPIN)
PAPIN indicates the pin states.

Bit Bit Name Initial Value R/W Description

PA7PIN Undefined*

PAGPIN Undefined*
- This register is assigned to the same address as
%
PASPIN Undefined that of PADDR. When this register is written to,

7 R When a PAPIN read is performed, the pin states
6 R

5 R

4 PA4PIN Undefined* R data is written to PADDR and the port A setting is
3 R

2 R

1 R

0

are read.

PA3PIN  Undefined* then changed.
PA2PIN Undefined*

PATPIN  Undefined*

PAOPIN  Undefined* R

Note: * The initial values are determined in accordance with the pin states of PA7 to PAO.
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8.10.4 Pin Functions

e PA7/KIN15/PS2CD, PAG/KIN14/PS2CC, PA5/KIN13/PS2BD, PA4/KIN12/PS2BC,
PA3/KIN11/PS2AD, PA2/KIN10/PS2AC
The function of port A pinsis switched according to the combination of the KBIOE hit in
KBCRH of KBU and the PAnDDR hit.
When the KMIMRm bit in KMIMRA of the interrupt controller is cleared to O, this pin can be
used as the KINm input pin.

1

KBIOE 0
PAnDDR 0 1 —
Pin function PAn input pin PAn output pin KBU input/output pin

KINm input pin

Notes: n=7102
m=15to 10
When the KBIOE bit or IICS bit in STCR is set to 1, the output format for PA7 to PA4 is
NMOS open-drain output, and direct bus drive is possible.
When the KBIOE bit is set to 1, the output format for PA3 and PA2 is NMOS open-drain
output, and direct bus drive is possible.

e PALKINY, PAO/KINS
The function of port A pinsis switched as shown below according to the PANDDR hit.
When the KMIMRm bit in KMIMRA of the interrupt controller is cleared to O, this pin can be
used as the KINm input pin.

PAnDDR 0 1
Pin function PAn input pin PAn output pin
KINm input pin
Note: n=1,0
=9,8
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8.11 Port B

Port B is an 8-bit 1/O port. Port B pins also function as the wake-up event input pins and LPC
input/output pins. Port B has the following registers. PBDDR and PBPIN have the same address.

e Port B datadirection register (PBDDR)
e Port B output data register (PBODR)
e Port B input data register (PBPIN)

8.11.1 Port B Data Direction Register (PBDDR)

PBDDR is used to specify the input/output attribute of each pin of port B.

@
P
=

Bit Name Initial Value Description

PB7DDR 0
PB6DDR
PB5DDR
PB4DDR
PB3DDR
PB2DDR
PB1DDR
PBODDR

The corresponding port B pins are output ports
when the PBDDR bits are set to 1, and input ports
when cleared to 0.

o|l=|d|w|ala|lo|~
o|lo|lo|o|o|o|o
=3 IS - - R R I
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8.11.2 Port B Output Data Register (PBODR)

PBODR stores output data for the port B pins.

Bit Bit Name Initial Value R/W Description

7 PB70ODR 0 R/W The PBODR register stores the output data for the
6 PB60ODR 0 RIW pins that are used as the general output port.

5 PB5ODR 0 R/W

4 PB4ODR 0 R/W

3 PB3ODR 0 R/W

2 PB20ODR 0 R/W

1 PB1ODR 0 R/W

0 PBOODR 0 R/W

8.11.3 Port B Input Data Register (PBPIN)

PBPIN indicates the pin states.

Bit Bit Name Initial Value R/W Description

7 PB7PIN Undefined* R When a PBPIN read is performed, the pin states

6  PB6PIN  Undefined* R are read.

PmePN Undones [T o s o e s

4 PB4PIN Undefined* R data is written to PBDDR and the port B setting is
3 PB3PIN  Undefined* R then changed.

2 PB2PIN  Undefined* R

1 PB1PIN Undefined* R

0 PBOPIN Undefined* R

Note: * The initial value of these pins is determined in accordance with the state of pins PB7 to

PBO.
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8.11.4 Pin Functions

e PB7/WUE7/DLADO

The pin function is switched as shown below according to the combination of the LPCS bit in
PTCNT2 and the PB7DDR bit. When the WUEM?7 bit in WUEMRB of the interrupt controller
is cleared to 0, this pin can be used as the WUE?7 input pin.

LPCS 0 1
PB7DDR 0 1 —
Pin function PB7 input pin PB7 output pin DLADO input/output pin

WUE? input pin

e PB6/WUE6/DLAD1

The pin function is switched as shown below according to the combination of the LPCS bit in
PTCNT2 and the PB6DDR bit. When the WUEMG6 bit in WUEMRB of the interrupt controller
is cleared to 0, this pin can be used as the WUEG input pin.

LPCS 0 1
PB6DDR 0 1 —
Pin function PB6 input pin PB6 output pin DLAD1 input/output pin

WUES input pin

e PB5/WUES/DLAD2

The pin function is switched as shown below according to the combination of the LPCS hit in
PTCNT2 and the PBSDDR bit. When the WUEM5 bit in WUEMRB of the interrupt controller
iscleared to O, this pin can be used as the WUES5 input pin.

LPCS 0 1

PB5DDR 0 1 —

Pin function PB5 input pin PB5 output pin DLAD?2 input/output pin
WUES input pin
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e PB4/WUE4/DLAD3

The pin function is switched as shown below according to the combination of the LPCS hit in
PTCNT2 and the PB4DDR bit. When the WUEMA4 bit in WUEMRB of the interrupt controller
iscleared to 0, this pin can be used as the WUE4 input pin.

LPCS 0 1
PB4DDR 0 1 —
Pin function PB4 input pin PB4 output pin DLADS input/output pin

WUE4 input pin

e PB3/WUE3/DLFRAME

The pin function is switched as shown below according to the combination of the LPCS bit in
PTCNT2 and the PB3DDR bit. When the WUEM3 bit in WUEMRB of the interrupt controller
is cleared to 0, this pin can be used as the WUE3 input pin.

LPCS 0 1

PB3DDR 0 1 —

Pin function PB3 input pin PB3 output pin DLFRAME output pin
WUES input pin

o PB2/WUE2

The pin function is switched as shown below according to the PB2DDR bit. When the
WUEM2 bit in WUEMRB of the interrupt controller is cleared to O, this pin can be used as the

WUE2 input pin.

PB2DDR

0

1

Pin function

PB2 input pin

PB2 output pin

WUEZ2 input pin
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e PB1/ WUELI/LSCI

The pin function is switched as shown below according to the combination of the LSCIE bit in
HICRO of LPC and the PB1DDR bit. When the WUEM1 bit in WUEMRB of the interrupt
controller is cleared to 0, this pin can be used as the WUEI input pin.

LSCIE 0 1

PB1DDR 0 1 —

Pin function PB1 input pin PB1 output pin LSCI output pin
WUET input pin

e PBO/WUEO/LSMI

The pin function is switched as shown below according to the combination of the LSMIE bit
in HICRO of LPC and the PBODDR bit. When the WUEMO bit in WUEMRB of the interrupt
controller is cleared to O, this pin can be used as the WUEO input pin.

LSMIE 0 1

PBODDR 0 1 —

Pin function PBO input pin PBO output pin LSMI output pin
WUEQO input pin

8115 Port B Input Pull-Up MOS

Port B has a built-in input pull-up MOS that can be controlled by software. Table 8.7 summarizes
the input pull-up MOS states.

Table8.7 Port B Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off:  On when PBDDR = 0 and PBODR = 1; otherwise off.
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8.12 Port C

Port C isan 8-bit I/O port. Port C pins also function as the wake-up event inputs, noise cancel
input pins, and LPC input/output pins. Port C has the following registers. PCDDR and PCPIN
have the same address.

e Port C datadirection register (PCDDR)

e Port C output data register (PCODR)

e Port Cinput dataregister (PCPIN)

e Port C Nch-OD control register (PCNOCR)

e Noise canceller enable register (PCNCE)

e Noise canceller decision control register (PCNCMC)
e Noise cancel cycle setting register (PCNCCYS)

8.12.1 Port C Data Direction Register (PCDDR)

Theindividua bits of PCDDR specify input or output for the pins of port C.

T
s

Bit Bit Name Initial Value
PC7DDR 0

PC6DDR
PC5DDR
PC4DDR
PC3DDR
PC2DDR
PC1DDR
0 PCODDR

Description

The corresponding port C pins are output ports
when the PCDDR bits are set to 1, and input ports
when cleared to 0.

Nfw|h~lOO|O| N

—_

olo|lo|o|o|o|o
=N I R I - -
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8.12.2 Port C Output Data Register (PCODR)
PCODR stores output data for the port C pins.

Bit Bit Name Initial Value R/W Description

7 PC70DR 0 R/W The PCODR register stores the output data for the
6 PC60ODR 0 R/W pins that are used as the general output port.

5 PC50DR 0 R/W

4 PC40ODR 0 R/W

3 PC30ODR 0 R/W

2 PC20DR 0 R/W

1 PC1ODR 0 R/W

0 PCOODR 0 R/W

8.12.3 Port C Input Data Register (PCPIN)
PCPIN indicates the pin states.

Bit Bit Name Initial Value R/W Description

PC7PIN Undefined*
PC6PIN Undefined*
PC5PIN Undefined*

When a PCPIN read is performed, the pin states
are read.

7 R

6 R

5 R This register is assigned to the same address as
that of PCDDR. When this register is written to,

4 PC4PIN Undefined* R data is written to PCDDR and the port C setting is

3 R

2 R

1 R

0

PC3PIN  Undefined* then changed.
PC2PIN Undefined*

PC1PIN Undefined*

PCOPIN Undefined* R

Note: * The initial value of these pins is determined in accordance with the state of pins PC7 to
PCO.
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8.12.4 Noise Canceller Enable Register (PCNCE)

PCNCE enables or disables the noise cancel circuit at port C.

Bit Bit Name Initial Value R/W Description

7 PC7NCE 0 R/wW Noise cancel circuit is enabled when PCNCE bit is
o pomcE B e s hees "
5 PC5NCE 0 R/W

4 PC4NCE 0 R/W

3 PC3NCE 0 R/W

2 PC2NCE 0 R/W

1 PC1NCE 0 R/W

0 PCONCE 0 R/W

8.12.5 Noise Canceller Mode Control Register (PCNCMC)

PCNCMC controls whether 1 or 0 is expected for the input signal to port C in bit units.

Bit Bit Name Initial Value R/W Description

7 PC7NCMC 0 R/W 1 expected: 1 is stored in the port data register

6 PC6NCMC 0 RIW when 1 is input stably

5 PC5NCMC 0 R/W 0 expected: O is storgq in the port data register
when 0 is input stably

4 PC4NCMC 0 R/W

3 PC3NCMC 0 R/W

2 PC2NCMC 0 R/W

1 PCINCMC 0 R/W

0 PCONCMC 0 R/W
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8.12.6

Noise Cancel Cycle Setting Register (PCNCCS)

PCNCCS controls the sampling cycles of the noise canceller.

Bit Bit Name Initial Value R/W Description
7t03 — Undefined R/W Reserved
The read data is undefined. The initial value should
not be changed.
2 PCNCCK2 0 R/W These bits set the sampling cycles of the noise
1 PCNCCK1 0 rw  canceller.
0 PCNCCKO 0 rw  When¢is 10 MHz
000: 0.88 us ¢/2
001: 12.8 us /32
010: 3.3ms $/8192
011: 6.6 ms $/16384
100: 13.1ms $/32768
101: 26.2 ms $/65536
110: 52.4 ms /131072
111: 1049 ms ¢/262144

8.12.7 Pin Functions

e PC7/WUEI5/DLDRQ

The pin function is switched as shown below according to the combination of the LDRQS bit
in PTCNT2 and the PC7DDR. When the WUEMR15 bit in WUEMR of the interrupt
controller is cleared to O, this pin can be used as the WUE15 input pin.

LDRQS 0 1

PC7DDR 0 1 —

Pin Function PC7 input pin PC7 output pin DLDRAQ input pin
WUE15 input pin
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PC6/WUE14/LDRQ

The pin function is switched as shown below according to the combination of the LDRQS bit
in PTCNT2 and the PC6DDR. When the WUEMR14 bit in WUEMR of the interrupt
controller is cleared to 0, this pin can be used as the WUE14 input pin.

LDRQS 0 1

PC6DDR 0 1 —

Pin Function PC6 input pin PC6 output pin LDRQ output pin
WUE14 input pin

e PC5/WUEI3

The pin function is switched as shown below according to the PCSDDR. When the
WUEMR13 bit in WUEMR of the interrupt controller is cleared to 0, this pin can be used as

the WUEI13 input pin.

PC5DDR 0 1

Pin Function PC5 input pin PC5 output pin
WUE13 input pin

e PC4/WUEI12

The pin function is switched as shown below according to the PCADDR. When the
WUEMR12 bitin WUEMR of the interrupt controller is cleared to O, this pin can be used as
the WUEI12 input pin.

PC4DDR 0 1

Pin Function PC4 input pin PC4 output pin
WUE12 input pin

e PC3/WUEIlI1

The pin function is switched as shown below according to the PC3DDR. When the
WUEMR11 bit in WUEMR of the interrupt controller is cleared to O, this pin can be used as
the WUEI1 input pin.

PC3DDR 0 1

Pin Function

PC3 input pin PCS3 output pin

WUE11 input pin
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e PC2/WUEIO

The pin function is switched as shown below according to the PC2DDR. When the
WUEMR10 bit in WUEMR of the interrupt controller is cleared to O, this pin can be used as

the WUEIO0 input pin.

PC2DDR 0 1

Pin Function PC2 input pin PC2 output pin
WUE10 input pin

e PCLUWUE9

The pin function is switched as shown below according to the PC1DDR. When the WUEMR9
bit in WUEMR of theinterrupt controller is cleared to O, this pin can be used as the WUE9

input pin.
PC1DDR 0 1
Pin Function PC1 input pin PC1 output pin
WUES9 input pin
e PCO/WUES8

The pin function is switched as shown below according to the PCODDR. When the WUEMR8
bit in WUEMR of theinterrupt controller is cleared to O, this pin can be used as the WUES

input pin.
PCODDR 0 1
Pin Function PCO input pin PCO output pin

WUES input pin
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8.12.8

Theindividual bits of PCNOCR specify output driver type for the pins of port C that is specified

Port C Nch-OD control register (PCNOCR)

to output.
Bit Bit Name Initial Value R/W Description
7 PC7NOCR 0 R/W 0: CMOS
6 PC6NOCR 0 R/W (P channel driver is enable)
5 PCSNOCR 0 R/W 1: N channel open-drain
4 PC4NOCR 0 R/W (P channel driver is disable)
3 PC3NOCR 0 R/W
2 PC2NOCR 0 R/W
1 PCINOCR 0 R/W
0 PCONOCR 0 R/W
8.12.9 Pin Functions
DDR 0 1
NOCR — 0 1
ODR o | 0 1 0 1
N-ch driver Off On Off On Off
P-ch driver Off Off On Off
Input pull-up MOS off ‘ On off
Pin function Input pin Output pin
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8.12.10 Port C Input Pull-Up MOS

Port C has a built-in input pull-up MOS that can be controlled by software. Input pull-up MOS
can be specified as on or off on an individual bit basis. Table 8.8 summarizes the input pull-up
MOS states.

Table8.8 Port C Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off On when PCDDR = 0 and PCODR = 1; otherwise off.
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8.13

Port D

Port D isan 8-bit 1/0O port. Port D pins aso function as the TPU 1/O pins. Port D has the following
registers. PDDDR and PDPIN have the same address.

8.13.1

Port D data direction register (PDDDR)
Port D output dataregister (PDODR)
Port D input data register (PDPIN)

Port D Nch-OD control register (PDNOCR)

Port D Data Direction Register (PDDDR)

Theindividual bits of PDDDR specify input or output for the pins of port D.

o]
=

Bit Name

Initial Value

Y
s

Description

PD7DDR

The corresponding port D pins are output ports

PD6DDR

when the PDDDR bits are set to 1, and input ports
when cleared to 0.

PD5DDR

PD4DDR

PD3DDR

PD2DDR

PD1DDR

O|l=| N W|~|lOO[O| N

PDODDR

[elNolNeolNolNolNol Nol Ne)

S A e
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8.13.2 Port D Output Data Register (PDODR)

PDODR stores output data for the port D pins.

Bit Bit Name Initial Value R/W Description

7 PD70ODR 0 R/W The PDODR register stores the output data for the
6 PD6ODR 0 R/W pins that are used as the general output port.

5 PD50ODR 0 R/W

4 PD4ODR 0 R/W

3 PD3ODR 0 R/W

2 PD20ODR 0 R/W

1 PD1ODR 0 R/W

0 PDOODR 0 R/W

8.13.3 Port D Input Data Register (PDPIN)

PDPIN indicates the pin states of port D.

Bit Bit Name Initial Value R/W Description

7 PD7PIN Undefined* R When a PDPIN read is performed, the pin states
6  PD6PIN  Undefined* R are read.

5 PD5PIN Undefined* R

4 PD4PIN Undefined* R

3 PD3PIN Undefined* R

2 PD2PIN Undefined* R

1 PD1PIN Undefined* R

0 PDOPIN Undefined* R

Note: * The initial value of these pins is determined in accordance with the state of pins PD7 to
PDO.
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8.13.4 Pin Functions

e PD7/TIOCB2/TCLKD

The pin function is switched as shown below according to the combination of the TPU
channel 2 setting, TPSC2 to TPSCO bitsin TCR_0 of TPU, and the PD7DDR.

TPU Channel 2
Setting

Input or Initial Value

Output

PD7DDR

0

1

Pin Function

PD7 input pin

PD7 output pin

TIOCB2 output pin

TIOCB2 input pin*?

TCLKD input pin*'

Notes: 1. This pin functions as TCLKD input when TPSC2 to TPSCO in TCR_O are setto 111 or
when channel 2 is set to phase counting mode.

2. This pin functions as TIOCB2 input when TPU channel 2 timer operating mode is set to
normal operation or phase counting mode and IOB3 in TIOR_2 is set to 1.

e PD6/TIOCA2

The pin function is switched as shown below according to the combination of the TPU
channel 2 setting and the PD6DDR.

TPU Channel 2
Setting

Input or Initial Value

Output

PD6DDR

0

1

Pin Function

PD6 input pin

PD6 output pin

TIOCA2 output pin

TIOCAZ input pin*

Note: * This pin functions as TIOCAZ2 input when TPU channel 2 timer operating mode is set to

normal operation or phase counting mode and IOA3 in TIOR_2 is set to 1.
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e PD5/TIOCBYTCLKC

The pin function is switched as shown below according to the combination of the TPU
channel 1 setting, TPSC2 to TPSCO bitsin TCR_0 and TCR_2 of TPU, and the PD5DDR.

TPU Channel 1

TIOCB1 input pin*?

Input or Initial Value Output
Setting
PD5DDR 0 1 _
Pin Function PD5 input pin PD5 output pin TIOCB1 output pin

TCLKC input pin*'

Notes: 1. This pin functions as TCLKC input when TPSC2 to TPSCO in TCR_0 or TCR_2 are set

to 110 or when channel 2 is set to phase counting mode.

2. This pin functions as TIOCB1 input when TPU channel 1 timer operating mode is set to
normal operation or phase counting mode and IOB3 to IOBO in TIOR_1 are set to 10xx.

e PD4/TIOCAL

The pin function is switched as shown below according to the combination of the TPU
channel 1 setting and the PD4ADDR.

TPU Channel 1

TIOCAT1 input pin*

Input or Initial Value Output
Setting
PD4DDR 0 1
Pin Function PD4 input pin PD4 output pin TIOCAT1 output pin

Note: * This pin functions as TIOCA1 input when TPU channel 1 timer operating mode is set to
normal operation or phase counting mode and IOA3 to IOAQ in TIOR_2 are set to 10xx.
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e PD3/TIOCDO/TCLKB

The pin function is switched as shown below according to the combination of the TPU
channel 0 setting, TPSC2 to TPSCO bitsin TCR_0to TCR_2 of TPU, and the PD3DDR.

TPU Channel 0

Input or Initial Value

Output
Setting
PD3DDR 0 1 —
Pin Function PD3 input pin PDS3 output pin

TIOCDO input pin**

TIOCDO output pin

TCLKB input pin*'

Notes: 1. This pin functions as TCLKB input when TPSC2 to TPSCO in any of TCR_0, TCR_1,

and TCR_2 are set to 101 or when channel 1 is set to phase counting mode.

2. This pin functions as TIOCDO input when TPU channel 0 timer operating mode is set to
normal operation or phase counting mode and I0OD3 to IODO in TIOR_O are set to 10xx.

e PD2/TIOCCO/TCLKA

The pin function is switched as shown below according to the combination of the TPU
channel 0 setting, TPSC2 to TPSCO bitsin TCR_0to TCR_2 of TPU, and the PD2DDR.

TPU Channel 0

Input or Initial Value

Output
Setting
PD2DDR 0 1 —
Pin Function PD2 input pin PD2 output pin TIOCCO output pin

TIOCCO input pin*?

TCLKA input pin*'

Notes: 1. This pin functions as TCLKA input when TPSC2 to TPSCO in any of TCR_0, TCR_1,

and TCR_2 are set to 100 or when channel 1 is set to phase counting mode.

2. This pin functions as TIOCCO input when TPU channel 0O timer operating mode is set to
normal operation or phase counting mode and IOC3 to IOCO0 in TIOR_O are set to 10xx.
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e PDUTIOCBO

The pin function is switched as shown below according to the combination of the TPU
channel 0 setting and the PD1DDR.

TPU Channel 0

TIOCBO input pin*

Input or Initial Value Output
Setting
PD1DDR 0 1 —
Pin Function PD1 input pin PD1 output pin TIOCBO output pin

Note: * This pin functions as TIOCBO input when TPU channel 0 timer operating mode is set to
normal operation or phase counting mode and I0B3 to IOBO in TIORH_O are set to

10xx.

e PDO/TIOCAO

The pin function is switched as shown below according to the combination of the TPU
channel 0 setting and the PDODDR.

TPU Channel 0

TIOCAO input pin*

Input or Initial Value Output
Setting
PDODDR 0 1 —
Pin Function PDO input pin PDO output pin TIOCAO output pin

Note: * This pin functions as TIOCAO input when TPU channel 0 timer operating mode is set to
normal operation or phase counting mode and IOA3 to IOAQ in TIORH_O are set to

10xX.

For the setting of the TPU channel, see section 12, 16-bit Timer Pulse Unit (TPU).
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8.13.5 Port D Nch-OD control register (PDNOCR)

Theindividual bits of PDNOCR specify output driver type for the pins of port D that is specified

to output.
Bit Bit Name Initial Value R/W Description
7 PD7NOCR 0 R/W 0: CMOS
6 PD6NOCR 0 R/W (P channel driver is enable)
5 PDSNOCR 0 R/W 1: N channel open-drain
4 PD4ANOCR 0 R/W (P channel driver is disable)
3 PD3NOCR 0 R/W
2 PD2NOCR 0 R/W
1 PDINOCR 0 R/W
0 PDONOCR 0 R/W
8.13.6  Pin Functions
DDR 0 1
NOCR — 0 1
ODR o | 0 1 0 1
N-ch driver Off On Off On Off
P-ch driver Off Off On Off
Input pull-up MOS off ‘ On off
Pin function