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power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.
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product does not cause bodily injury, fire or other consequential damage due to operation of
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6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi's sales office for any questions regarding this document or Hitachi
semiconductor products.




Preface

This LSI has the internal 32-bit H8S/2600 CPU and includes a variety of peripheral functions
necessary for a system configuration. It serves as a high-performance microcomputer.

The built-in peripheral devices include a 16-bit timer pulse unit (TPU), a programmable pulse
generator (PPG), a watchdog timer unit (WDT), a serial communication interface (SCI), an A/D
converter, a motor control PWM timer (PWM), a PC brake controller and I/O ports. It also has ar
internal data transfer controller (DTC), which performs high-speed data transfer without using th
CPU, thus enabling the use of the LSI as an embedded microcomputer in various advanced cor
systems. Two types of internal ROM are available: flash memory (F-ZTAT™%*) and mask ROM.
The LSI can be used flexibly in a wide range of applications from applied equipment with varied
specifications and early production models to full-scale mass-produced products.

Note: * F-ZTAT™ is a trademark of Hitachi, Ltd.

Target Users: This manual was written for users who will be using the H8S/2636, H8S/2638 an
H8S/2639 in the design of application systems. Members of this audience are
expected to understand the fundamentals of electrical circuits, logical circuits, and
microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2636, H8S/2638 and H8S/2639 to the above audience.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a detaile
description of the instruction set.

Notes on reading this manual:

* In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into pal
on the CPU, system control functions, peripheral functions and electrical characteristics.

* In order to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.

¢ In order to understand the details of a register when its name is known

The addresses, bits, and initial values of the registers are summarized in Appendix B, Intern:
I/O Registers.

Example: Bit order: The MSB is on the left and the LSB is on the right.

Related Manuals: The latest 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.hitachisemiconductor.com/
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H8S/2636, H8S/2638, H8S/2639 manuals:

Manual Title ADE No.
H8S/2636, H8S/2638, H8S/2639 Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083
Users manuals for development tools:

Manual Title ADE No.
C/C++ Complier, Assembler, Optimized Linkage Editor User's Manual ADE-702-247
Simulator Debugger (for Windows) Users Manual ADE-702-037
Hitachi Embedded Workshop Users Manual ADE-702-201
Application Notes:

Manual Title ADE No.

H8S Series Technical Q & A ADE-502-059
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Main Revisions and Additions in this Edition

Page Item Revisions (See Manual for Details)
O Content added and amended due to addition of
mask ROM version and H8S/2639F-ZTAT
1.1 Overview Description of Overview amended
4 Table 1.1 Overview
Input clock frequency of clock pulse generator
amended and product lineup amended
6 1.2 Internal Block Diagram Figure 1-1 (a) Internal Block Diagram of
H8S/2636
Note amended and added
7 Figure 1-1 (b) Internal Block Diagram of
H8S/2638 and H8S/2639
Note amended and added
8 1.3.1 Pin Arrangement Figure 1-2 Pin Arrangement of HD64F2636F
(FP-128B: Top View)
Note amended and added
9 Figure 1-3 Pin Arrangement of H8S/2638 Series
(FP-128B: Top View)
Note amended and added
10 Figure 1-4 Pin Arrangement H8S/2639 Series
(FP-128B: Top View)
Added
15 1.3.2 Pin Functions in Each Table 1-2 Pin Functions in Each Operating
Operating Mode Mode
Note amended
16 1.3.3 Pin Functions Table 1-3 Pin Functions
Name of VCL pin changed to On-chip step-down
power supply pin
Note amended and added
21 1.4 Differences between Replaced
H8S/2636, H8S/2638, and
H8S/2639
61 2.8.1 Overview Figure 2-14 Processing States

Note amended
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Page Item Revisions (See Manual for Details)
82,83 3.5 Address Map in Each Figure 3-1 Memory Map in Each Operating Mode
Operating Mode in the H8S/2636
Figure 3-2 Memory Map in Each Operating Mode
in the H8S/2638 and H8S/2639
“External area” amended to “Address space”
107 to 109 5.3.3 Interrupt Exception Handling Table 5-4 Interrupt Sources, Vector Addresses,
Vector Table and Interrupt Priorities
“Reserved” amended to “Reserved for system
use”
120 5.5.5 IRQ Interrupts Section 5.5.5 added
122 5.6.3 Operation Notes on use amended
210 9.1 Overview Table 9-1 Port Functions
Port F SYNCI deleted
239 9.6.3 Pin Functions Added
266 9.11 PortF “lIC input pin* (SYNCI)” and Note deleted from
9.11.1 Overview description
Figure 9-21 Port F Pin Functions
SYNCI and Note deleted
270 9.11.3 Pin Functions Table 9-19 Port F Pin Functions
SYNCI and Note deleted
396 12.1 Overview Figure 12-1 (a) Block Diagram of WDTO
12.1.2 Block Diagram *2 and note added
403 12.2 Register Descriptions WDTO Input Clock Select
12.2.2 Timer Control/Status *2 and note added
Register (TCSR)
407 12.2.4 Notes on Register Access  Writing to RSTCSR description amended
Figure 12-3 Format of Data Written to RSTCSR
(WDTO0)
RSTS bits deleted from “Writing to RSTE and
RSTS bits”
527 15.2.4 I°C Bus Mode Register Bits 5 to 3—Serial Clock Select (CKS2 to CKSO0):
(ICMR) Transfer rate g = 25 MHz deleted
544 to 546 15.3.2 Master Transmit Operation Replaced
547 to 549 15.3.3 Master Receive Operation  Replaced
553 15.3.5 Slave Transmit Operation  Figure 15-10 Example of Slave Transmit Mode

Operation Timing (MLS = 0)
IRIC waveform [3] amended to [4]
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Page Item Revisions (See Manual for Details)
563 15.4 Usage Notes Table 15-7 Permissible SCL Rise Time (t,)
Values
@ = 25 MHz time indication [ns] deleted
565 Table 15-8 12C Bus Timing (with Maximum
Influence of tg/tg,)
@ = 25 MHz time indication (at maximum transfer
rate) [ns] deleted
579 16.2.2 General Status Register Description amended
(GSR) Bits 7 to 4 description amended
588 16.2.7 Transmit Acknowledge TXACK bit figure amended
Register (TXACK) Note added
589 16.2.8 Abort Acknowledge ABACK bit figure amended
Register (ABACK) Note added
590 16.2.9 Receive Complete Register RXPR bit figure amended
(RXPR) Note added
591 16.2.10 Remote Request Register RFPR bit figure amended
(RFPR) Note added
592 16.2.11 Interrupt Register (IRR) IRR bit figure amended
Note added
Bit 15 table amended
634 16.5 Usage Notes Note 4 Error counters description amended
Note 8 added
651 17.4.3 Input Sampling and A/D Table 17-4 A/D Conversion Time (Single Mode)
Conversion Time A/D conversion time CKSO0 = 0 min. value when
CKS1 =0 amended
652 17.6 Usage Notes Setting Range of Analog Power Supply and
Other Pins
(2) description amended
676 19.2.6 PWM Duty Registers 1A, Bits 15 to 13, 12, 11 and 10 description amended
12) 1E, 1G (PWDTRIA, 1€, 1E, Bits 9 to O description added
678 19.2.7 PWM Buffer Registers 1A, Bits 12, 9 to 0 description amended

1C, 1E, 1G (PWBFRI1A, 1C, 1E,
1G)
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Page Item Revisions (See Manual for Details)
679 19.2.8 PWM Duty Registers 2Ato  Bits 15 to 10 description amended
2H (PWDTR2A to PWDTR2H) Bits 13 and 11 deleted
Bit 12 deleted
Bits 9 to O description added
680 19.2.9 PWM Buffer Registers 2A  Bits 9 to 0 description amended
to 2D (PWBFR2A to PWBFR2D)
691to 694 0O 21A.1 Overview, 21A.2 Register Descriptions,
21A.3 Operation
Added
710 21A.8.6 Flash Memory Power Bit 7 description added
Control Register (FLPWCR)
747 21A.15.1 Notes on Power-Down Note 2 added
States
755to0 758 O 21B.1 Overview, 21B.2 Register Descriptions,
21B.3 Operation
Added
774 21B.8.6 Flash Memory Power Bit 7 description added
Control Register (FLPWCR)
783 21B.10.1 Program Mode Replaced
784 21B.10.2 Program-Verify Mode Replaced
788 21B.10.3 Erase Mode Replaced
21B.10.4 Erase-Verify Mode Replaced
797 21B.14.1 Socket Adapter and Table 21B-14 Type of Socket Adapter
Memory Map Product name amended
809 21B.14.9 Notes on Power-Down Note 2 added
States
823,824 22A.3.2 External Clock Input Added
829 t0 838 22B Clock Pulse Generator Added
(H8S/2639 Series)
840 23A.1 Overview Table 23A-1 LSI Internal States in Each Mode
PBC amended
847 23A.2.3 Low-Power Control Description of bit 3 deleted

Register (LPWRCR)
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Page Item Revisions (See Manual for Details)
860 23B.1 Overview Table 23B-1 LSI Internal States in Each Mode
PBC amended
861 Table 23B-2 LSI Internal States in Each Mode
(H8S/2639 Series)
Added
870 23B.2.3 Low-Power Control Bit 5 description added
Register (LPWRCR)
886 23B.12 ¢@Clock Output Disabling  Table 23B-7 ¢ Pin State in Each Processing
Function State
Subactive mode amended
887 23B.13 Usage Notes Section 23B.13 added
88910904 24.1 HB8S/2636F-ZTAT Electrical — Preliminary — deleted
Characteristics
889 24.1.1 Absolute Maximum Ratings Table 24-1 Absolute Maximum Ratings
Power supply voltage symbol and Input voltage
(OSC1, OSC2) ratings amended
890 24.1.2 Power Supply Voltage and  Figure 24-1 Power Supply Voltage and Operating
Operating Frequency Range Ranges added
Note added
893 24.1.3 DC Characteristics Table 24-2 DC Characteristics
Max. current dissipation value in standby mode
amended from 2.0 to 20
900 24.1.4 AC Characteristics Table 24-7 Timing of On-Chip Supporting
Modules
Transmit data setup time and transmit data hold
time for HCAN amended to receive data setup
time and receive data hold time, respectively
901 24.1.5 A/D Conversion Table 24-8 A/D Conversion Characteristics
Characteristics Max. values for nonlinearity error, offset error,
and full-scale error amended
905 to 922 24.2 HB8S/2638 Series Electrical — Preliminary — deleted
Characteristics
905 24.2.1 Absolute Maximum Ratings Table 24-11 Absolute Maximum Ratings
Power supply voltage symbol and Input voltage
(OSC1, 0OSC2) ratings amended
906 24.2.2 Power Supply Voltage and  Figure 24-3 Power Supply Voltage and Operating

Operating Frequency Range

Ranges+ added
Note added
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Page

ltem

Revisions (See Manual for Details)

908

909

911

24.2.3 DC Characteristics

Table 24-12 DC Characteristics
Output high voltage amended

Table 24-12 DC Characteristics

Max. current dissipation value in standby mode
amended from 2.0 to 20

Table 24-14 Bus Drive Characteristics
Added

917

918

24.2.4 AC Characteristics

Table 24-18 Timing of On-Chip Supporting
Modules

Transmit data setup time and transmit data hold
time for HCAN amended to receive data setup
time and receive data hold time, respectively

Table 24-19 I°C Bus Timing [Option]
Conditions amended

919

24.2.5 A/D Conversion
Characteristics

Table 24-20 A/D Conversion Characteristics

Max. values for nonlinearity error, offset error,
and full-scale error amended

921, 922

24.2.7 Flash Memory
Characteristics

Replaced

923 to 940

24.3 H8S/2639 Series Electrical
Characteristics

Added

1044

B.1 Address

Bit 3 RFCUT in address H'FDEC 3 added and
notes amended

1198,
1201

1295

B.2 Functions

PWBFR1A[ PWM Buffer Register 1A
PWBFR1CO PWM Buffer Register 1C
PWBFR1E[O PWM Buffer Register 1E
PWBFR1GO PWM Buffer Register 1G
Output terminal select and duty amended
PWBFR2AO PWM Buffer Register 2A
PWBFR2B[ PWM Buffer Register 2B
PWBFR2C[ PWM Buffer Register 2C
PWBFR2D[O PWM Buffer Register 1D
Duty amended

I°C Bus Mode Register

Transfer clock select transfer route g = 25 MHz
deleted
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Page Item Revisions (See Manual for Details)

1327 C.5 Port A Block Diagram Figure C-5 (a) Port A Block Diagram (Pin PAQ)
Amended

1328 to Figure C-5 (b) - (d) Port A Block Diagram

1330 (Pin PA1) - (Pin PA3)
Added

1335 C.10 Port F Block Diagram Figure C.10 (a) Port F Block Diagram (Pin PFO0)
Amended

1347 F Product Code Lineup Added

1348 G Package Dimensions Amended

HITACHI



HITACHI



Contents

Y= Tox (o] o I R © AV =T 1 S
Lol OVBIVIEW..eiiiiiiiiiee ettt ettt e ettt e e e e ettt e e e sttt e e e e ss bt e e e e e st be e e e e e snbbeeeesanbbeeeeessannanenanes 1
1.2 Internal BIOCK DIagram..........uueeiiiiiiaiiiiiiiiie ettt e e e e eeeaaea e 6.....
1.3 PiN DESCIIPLION . ....eteeiieiitieie ettt e et e st e e st e e 8
1.3.1  Pin AITANGEMENT ..ciiiiiiiiie ettt e et e e s e e e e s s st b e e e e ebbreeeeenean
1.3.2  Pin Functions in Each Operating Mode............ccccceiiiiiieiiiii e
1.3.3  PIN FUNCHIONS ..eeiiiiiitiiiee sttt et e ettt e e s et e e e e s st e e e s annneeee s
1.4 Differences between H8S/2636, H8S/2638, and H8S/2639 ..........cccccveiviiiieee i,
SECHON 2 CPU ettt s e e e e e e e e e e e e e e eeeeeennnees
2% R O 1= V= P RPSPPRPRR 23
N O R = 1 | =S 23.......
2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU............cccuveveeiiiiieeennnns
2.1.3 Differences from HB8/300 CPU .........cooiuiiiiiiiiiiiiie it eiiiee e srree e snneeeee e
2.1.4 Differences from H8/300H CPU ..........c.uuiiiiiiiiiiiiiiieie e
2.2 CPU Operating MOUES ........uuuiiiiiiiieaee ettt e e e et e e e e e e e e e e e e aneesaeeeeaaaasd G......
2.3 AJArESS SPACE.......eiiiiee ittt e et e s b mmnene e 31.
2.4 Register CONfIQUIALION .......ccuueiiiiiiiieiie ettt 32....
P R © Y= V= SRR
2.4.2  GENEral REQISIEIS.....ccc ittt r e e e e e e s e e s e e e aaaeas
2.4.3  CONIrOl REGISIEIS ...ttt e et r e e e e e e e e e e e aaes
2.4.4  Initial REQISTEr VAIUES .......eeiiiiieiiiieie e
2.5 DaAta FOIMMALS......coiiiiiiiiieeeeeee e ettt e ettt e bbb a e e e e 37
2.5.1 General Register Data FOMMALS.........cuuiiiiiiiiiiieiiiicee e
2.5.2 Memory Data FOIMAaLS.........ccooiiiiiii ettt s s e s e e e e e e e e eaeee e e e e eeeeeeeeesnenennnnes
2.6 INSITUCTION SEL...uiiiiiiiiiiiii ettt e s st e e e s st e e e s snees e e s smmmmnenn e s 40
2.8. 1 OVEIVIEW ...ttt ettt e e oottt ettt e e e e e e e e e bbb be bt e e e e e ae e e e e e s nnbabbeeeeeeean
2.6.2 Instructions and Addressing MOES..........cc.uuuiiiiiiiiiiaai e
2.6.3 Table of Instructions Classified by FUNCHON...........oocciiiiiiiiiiiceeee
2.6.4 BasiC INSrUCtioN FOIMALS .....ccceiiiiiiiiiieiieee e r e e e e e e e e
2.7 Addressing Modes and Effective Address Calculation.............cccccvviieeieeeei i,
2.7.1  AdAresSiNg MOUE........ccooiiiiiiiiiiie e e e e e e e e e e e s raeaeees
2.7.2 Effective Address CalCulation .............cccciiiiiiiiiiiiiiii e
2.8 PrOCESSING SEALES....cciiiiiii ittt ettt e e e e e e s e e e e e e e e e e e e eeeeaees 61..
A T T © Y= V1 PRSP
2.8.2  RESEE STALE ..o aaaaa e
2.8.3  Exception-Handling State ..........ccoeviciiiiiiiiiiiee et e e e e e e e e e e e
2.8.4 Program EXECULION SEAte .........ccccuviiiiiiiiiie e e e e e e e e e e enannnes
2.8.5 BUS-ReElEASEA STALE.........uiiiiiiiieiiiee e

HITACHI



2.8.6 POWEI-DOWN STALE ....ivuiiiiiii it e e e e e e e e et e e e e ab e eans €

2.9 BaSIC TIMING .ciiiiiiiiiiiiiitie ettt ettt e e e e e e e iber e e ee e e e e e e s e s snnnnnbnneeeeeeemnennensss ) 67
A T R © YT V1 PSPPSR 6
2.9.2  On-Chip Memory (ROM, RAM)......ccouiiiiiiiiiiiiie ettt 67
2.9.3  On-Chip Supporting Module ACCESS TIMING ....cccorurriieiiiiiiiee e 69
2.9.4 On-Chip HCAN Module ACCESS TIMING.....ccieeeeeiiiiiiiiiieiiieeiee e e e e e esinrrerrreraea e 71
2.9.5 PortH and J Register ACCESS TIMING ...uvvviiieeeiiiiiiiiiiiiiieeeee e e e e e e e e 7
2.9.6 External Address Space ACCESS TIMING ....cooiuuuiiiiiiieiie e 7
200 USBGE NOTE ...ttt ettt ettt ettt e bbb a e e e e e e e e e e e e e e e e e e e e eaeaaeaamae 74
2.10.1 TAS INSIIUCLION ..uvtiiiiiiiie e e ie ettt e e e e e e e e e e e s s s st eeaeaeeeeessnnnnnnreaeeees 7
2.10.2 STM/LDM INSIUCHIONS ...vvviiiiiieeeeie ittt te e e e e e e e s s ssieeieeeeeeeeeee e e s s s snnsenraeeeeeaeeeees 74
2.10.3 Caution to observe when using bit manipulation instructions...............cccccvvveeee... 7:
Section 3  MCU Operating MOUES .........uuiiiiiiiiiiiie e 7
TS N @ V=TV = TR PUPRPRURRRRY £ -1
3.1.1  Operating Mode SEIECHON .......cccoiiiiiiieiiiieiee e 7
3.1.2  Register Configuration..........ccueeeiiiiiiiieiiiie e 7
3.2  ReQiSter DESCIPLONS ...ccie e ittt e e e e e e e e e e e s e e s aen s 16....
3.2.1 Mode Control RegIiSter (MDCR) ....ccciiiieei ittt e e a e e 7€
3.2.2 System Control Register (SYSCR) .....uuuuiiiiiiiiiiiiiieiie e 7
3.2.3  Pin Function Control Register (PFCR) .......cooiiiiiiiiiee e 7
3.3 Operating MOde DESCHPLONS ......cceiiiriiie ettt e et e e e e e aenes €
G 20 0 T /T [ SO Q...... 8
3.3.2  MOOE B Q...... 8
3.303  MOOE Bt Q...... 8
RS I |V o To [ A T O PP PP PRPPON Q...... 8
3.4 Pin Functions in Each Operating MOAE ............cocuiiiiiiiiiiieee e &
3.5 Address Map in Each Operating MOE..............ooiiiiiiiiiieiiiiieee e {
Section 4 Exception HandliNg ........cccoooiiiiiiiiiiieeeis e 8
R O 1Y = VT O PR PU P PP PRI 85
4.1.1 Exception Handling Types and PriOrity..........cooiuiiiiiiiiiieeee e 8t
4.1.2 Exception Handling OPeration .............cceeieaoiiiiiiiiiiiiieeie e eieieeee e e e e e e 8
4.1.3  EXCeption VECLOr TabIE .......ocuviiiiiiiiieeeee e 8
N < 1S = 88
N R O 1V =T o OO PPU R PUPR PR 8
A S (=TT Y=o [ 1= o (o PP
4.2.3  INtErrUPLS AftEr RESEL......eeiiiiiiiiiii e a e ¢
4.2.4  State of On-Chip Supporting Modules after Reset Release.............ccccoccviveernnnnn. ¢
G T I = Vol PR 91
N | 01T ¢ (U] o] £ 3 PP PP 92
I - o TN [ 1S3 1 U o3 1To o OPERERR 93
4.6  Stack Status after Exception Handling ..........cccoeeeiiiiiiiiiiiiiiiecce e (
1

HITACHI



4.7 Notes on Use 0f the StaCK..........coviiiiiiiii e 95........
Section 5 Interrupt CONIONET ..... ... ¢
S0 A @ 1= V= P RPUPPRPRR 97
511 FAIUIES .. ettt e e e e e e aeee a7.......
L0 7 =1 To Tod [ 1T Vo | = o SRRSO (
L0 I T = 1 W O] o1 i{e [V = 11T o SRR (
5.1.4 Register CONfIQUIALION..........eiiiiiiiiiiiiiiee e e e |
5.2 RegiSter DESCIPLIONS ....ccoiiiiiiieite ettt e e e e e e e e e e e e s e ennne e enens 100....
5.2.1 System Control Register (SYSCR) ....ccoiiuiiiiiiiiiiiie et 1
5.2.2 Interrupt Priority Registers A to H, J to M (IPRA to IPRH, IPRJ to IPRM)........ 101
5.2.3 IRQ Enable ReQISter (IER) .......uuuiiiiiieeeeiieiicciiieiee et e e e e s e e e e e e e e e e e naneeaneen 1
5.2.4 IRQ Sense Control Registers Hand L (ISCRH, ISCRL) ......cccccceeevviviiiiiiiiieeeen 1C
5.25 IRQ Status RegISLEr (ISR) ......uuiiiiiiiiiiiiiiiiiiitie et 1
5.3 INTEITUPE SOUICES ...ttt e e e e e e e e e e e e e e e eeeeeeeennnnnnes 105.
5.3.1  EXErNal INTEITUPLS ...eeeiiiiiiiiiiee ittt 1
5.3.2  INtErN@l INTEITUPLS. .....eeiiii ettt 1
5.3.3 Interrupt Exception Handling Vector Table ........cccccceeeiiiiiiiciiiiiicecee e 1C
Y0 11 (=14 0] 0 @ o T=T - 11 o] o H R 110.
5.4.1 Interrupt Control Modes and Interrupt Operation ............ccccceeeeeriniiiiiiiiiiieeeeeeeennn 1’
5.4.2 Interrupt Control MOAE O........uuiiiiiiiiiieeee e 1:
5.4.3 Interrupt Control MOE 2........uuiiiiiiiiiiiie et 1
5.4.4 Interrupt Exception Handling SEQUENCE .........occuuiiiiiiiiiiieiiic e 1
5.4.5 INterrupt RESPONSE TIMES ...ccciiiiiiiiiiiiiiiii e e e e e e s e et r e e e e e e e e s e e s raereraeaeeeeessnnnnns i
5.5 USAQE NOLES L.uuiiiiiiiiiie ettt r e e et a b e e e e e e e e e tan s s 119
5.5.1 Contention between Interrupt Generation and Disabling ............cccccveeeiiiiiinnnnin 1
5.5.2 Instructions that Disable INterrUPtS........oooiiiiiiiiiiii e 1
5.5.3 Times when Interrupts are Disabled ............ccccviiii 1
5.5.4 Interrupts during Execution of EEPMOV INStruction ........ccccccoovvvvcvvviiieineeneeenenn, 12
LT T | (@ N 11 (=1 1] o] £ USRURRRSRN 1
5.6 DTC Activation DY INTEITUPL.....ceiiiiie e e e e e e e e 1. 1
B5.6.1  OVEIVIEW....eiiiiieiiiiiie ettt ettt e e e e e e st et e e s e e e e et e e e 1. 1
5.6.2  BIOCK DIAQIAIM .....eeiiiiiiieieiii ittt e e e e e e e et e e e e e e e e e e e e annnbeeeeeeas 1
B5.6.3  OPEIALION ...eeeiieiiiiie ettt n s 2...... 1
Section 6 PC Break Controller (PBC).......uuiiiiiiiiiee e 1
B.1  OVEIVIEW ... ettt ettt ettt et b et e st et e e be e e et et e e ek b e e e bn e e s an b e e e snr e e e ssmeeesnnees 123
6.1.1  FRALUIES ...t 123......
6.1.2  BIOCK DIAQIAIM .....eeiiiiiiiieee ittt e e e e e e e et e e e e e e e e e e e e ennnneeeeeeeas 1
6.1.3  Register Configuration...........c.uoiiiiiiiiii i 1
6.2 ReQiSter DESCHPLIONS ...cceiitiiiie ettt ettt ettt ettt e e e e s sbb e e e s aeereens 125...
6.2.1 Break Address Register A (BARA).......uuiiiii et er e e e 12
6.2.2 Break Address Register B (BARB) .......ccccueiiiiiiiiiii e 1e
1l

HITACHI



6.2.3 Break Control Register A (BCRA) .....ccooi oottt 12¢€

6.2.4 Break Control Register B (BCRB) .....cccooiiiiiiiiiiiiii e 12¢
6.2.5 Module Stop Control Register C (MSTPCRC) ........cevviiiiiiiiieiiiiiee e 12¢
LR B O o 1T =1 1o o T PSP PRSPPI 129
6.3.1 PC Break Interrupt Due to InStruction FetCh...........ccccceiviiiiiiiiniiiee e, 12
6.3.2 PC Break Interrupt DUE t0 Data ACCESS .....cceeeiiiiiiiiiiiiiiiie e e e e ee et ee e e e e e e s 12
6.3.3 Notes on PC Break Interrupt HandliNg............cooociiiiiiiiiiiiee e 13
6.3.4 Operation in Transitions to Power-Down MOAES .............ueeeiiiieiiiiiiiiiiiiiiiieeeeeeeen 13(
6.3.5 PC Break Operation in Continuous Data Transfer ..........cccoocciiiiiieeiieeeieiiin 13
6.3.6  When Instruction Execution is Delayed by One State..........cccocvveveiiiiiieieininnenn. 13
LS Ty A Vo [ 11 1o T F= LN 1N o) (=PSRN 13
Section 7 BUS CONIOIET........uiiiiiiiiiiiiieiiiieieee e 1
T.L OVEBIVIEW ...ttt ettt ettt e e st e e et e e e et e e e bt e e s e nnr e e e e s e e 135
0 S R =T 1 (0 = PP 135......
7.1.2  BIOCK DIBOIAIM ...cciiiiiiiiei ittt ettt ettt e s e e e st e e s annnnee s 13
7.1.3  Pin CONfIQUIALION. .....eiiiiiiiiiiie et s 13
0 = (= To 1Y (=T G @Fo o [ 1] =110 o R 13
7.2  RegiSter DESCIPLONS ....ccccoi it e e e e e e e e e e e e e e e s aneeenens 138....
7.2.1 Bus Width Control Register (ABWCR) ......c.ooiiiiiiiiiiiieeee e 138
7.2.2 Access State Control Register (ASTCR) .......eviiiiiiiieeeiiiiieee e 13
7.2.3 Wait Control Registers H and L (WCRH, WCRL) .......cccooiiiiiiiiiiiiieeeiieee e 140
7.2.4 Bus Control Register H (BCRH) ......ocuviiiiiiiiiiii e 14
7.2.5 Bus Control Register L (BCRL) ....ccooi ittt e e ee e e e 14t
7.2.6  Pin Function Control Register (PFCR)........ccccciiiiiiiiie e 14
7.3 Overview Of BUS CONLIOL ........coiuiiiiiiiiiiiie e 48..... 1
7.3.1  Area@ PartitioNinNg.......coooooiiiiiiiiieieee ettt e e e e e e e e e 14
7.3.2  BUS SPECITICALIONS ....eeiiiiiiiiiiiiiiiee ettt e e sbneee e e 14
7.3.3  MemOrY INTEITACES ... ..eiiiiiiiii e 15
7.3.4 Interface Specifications for EaCh Area .........ccccceveeeeiiiiiiciiiiiiieeiee e 15
7.4 BaSIC BUS INTEITACE ....ooiiiii it eeaes 152..
TAL  OVEIVIEBW....ceiiiiei ittt ettt e et e e e st e e e e s e e e e s e e e s e nnn e e e e e nnnnes 2. 15
7.4.2 Data Size and Data AlIGNMENT.........ooiiiiiiiiee e 15
T.4.3  Valid SIrODES ...oveeiiiiiiie et e e e 15
744 BASIC THMING ..eeiiiiiiiiiiei ittt e e sttt e e s st b et e e e s stb e e e e e s sabbeeeeessnbaeeeesans 15
745 WAL CONIIOL...eiiiiiiiiiii ettt e s nn e 16
7.5  BUISt ROM INTEITACE. .....ccciiiiiiiiiiieeii et 165....
T.5.1  OVEIVIBW....ceiiiiei ittt ettt ettt e et e e e st e e e e a e e e s s e e e e e nnnnes ST 16
7.5.2  BASIC TIMNQ ...ettttiiiiiiiee ettt e ettt e e e e e e e e e e e e b ba b e et e e e eaaaaeeaaaannneeeeeen 16
TS T - V1 o] o1 1 o PSSR SP 16
T.B  1AIE CYCIE . eeeane e 168
0 5 T © ] =T - 11 o] o PRSPt 8...... 1€
7.6.2 Pin States DUrNg 1Al CYCIES ....coviiiiiii e 17
v

HITACHI



7.7  Write Data BUffer FUNCLON .......ooiiiiiiiis ettt sneaeee s 2. 1
7.8 BUS AIDITTALION.....euiiiiiiiiie e e e e e e e e e 173
T.8. 1 OVEIVIEBW ....tttieiieeee e ettt ettt e e e e e e e e e e nnb et e et e e e e e e e e e e e nnnbeneeeeas 3. 1
7.8.2  OPEIALION ...eeeiieeiiteee ettt e e e e anaes 3. 1
7.8.3  BUS Transfer TIMING ......eeieiiiiiiee ettt et e e 1
7.9 Resets and the BUS CONIOIIET..........coiiiiiiiiie et 4.
Section 8 Data Transfer Controller (DTC) ....ccovviiiiiiiiiiiii e 1
S 0 R @ 1= V= PP URPRURUY 175
 J0 O R =T 1 (0 | (= PSP 175.......
S N =1 (o o3 1 B I =T [ =11 FO PP PPP PP 1
8.1.3  Register CONfIQUIALION.........uuiiiiiiee e e e e e e e e e e aaeeas 1
8.2  ReQISIEr DESCHPLONS ...cceiiii ittt e e e e e e e e e e s e saae e e raens 178....
8.2.1 DTC Mode Register A (MRA) .....ooi ittt e e 17
8.2.2 DTC Mode RegiSter B (MRB)......cccoiiiiiiiiiiiiieeeee ettt e e e e e 1€
8.2.3 DTC Source Address Register (SAR) .....coccuueiieiiiiiiee i 1
8.2.4 DTC Destination Address Register (DAR) .........oooeiiiiiiieiiiiiiie e 1€
8.2.5 DTC Transfer Count Register A (CRA) .....ccooi it e e 1€
8.2.6 DTC Transfer Count Register B (CRB)..........ccccciiiiiiiiieeeee e ceciiiiiieeee e e e e e 1¢
8.2.7 DTC Enable Registers (DTCER)........coiiiiiiiiiiiieeeee et |
8.2.8 DTC Vector Register (DTVECR) ...cooiiiiiiieeiteeee et 18
8.2.9 Module Stop Control Register A (MSTPCRA)......cccoiiuiiiiiiiiiiee et 18
ST B O o 1T -1 (o o FO PP PSPPSR 186
S 0 R @ Y= V= PSPPI B..... 1
8.3.2  ACHVALION SOUICES......eiiiiiiiiiiie ittt e ettt ettt e et e e s st e e e s antreeeesanneeeas 1
8.3.3  DTC VeCtOr TaBIe .....cooiiee e 1
8.3.4 Location of Register Information in Address SPace........cccceeevviiiciiiiiiiiiiiiaaeeenn 1
8.3.5  NOIMMAI MOAE.......cce et e e e e e e e e s s reeeeeeaaeeeas 1
8.3.6  REPEALMOUE ......eeiiiiiiiiiie et .
8.3.7  BIOCK Transfer MOGE........ccooiiiiiiiiiiiiiie ettt e e 1
8.3.8  Chain TraANSTEI ...eeiii ittt e e s e s e e e e ennnes 1
8.3.9  OPEration TIMING....cceiiiae ettt e e et e e e e e e e s s bbb e e e e e e e e e e e s e s anbnbeeeeeeas 1
8.3.10 Number of DTC EXECULION STAES .....cceeiiiiiiiiiiiiiieiee e 2
8.3.11 Procedures for USING DTC.........coiiiiiiiiieiiiiiiee ettt e s nibneee e 2
8.3.12 Examples of USe Of the DTC........uiiiiiiiiiiic et 2
S N 1 1 (=] (] 0] £ 206
S TR O £ 7= To [ o | (= PP PPPPRI 206
SY=Tox (o] 0 IS N V@ BN o o] ¢ £ P Z
S R @ 1V =T V= PO PRSRUPRRRN 207
S A o 0 211
L R @ Y= V= PSPPI 1. 2
9.2.2 Register CONfIQUIALION........uuuiiiiiiee i e e s e e e e e e e s s e rrrreeaaaeeas 2
\%

HITACHI



1S B o o G SRS 226
O0.3.1  OVEIVIBW ...ttt ettt e e e oottt e e e e e e e e e s bbb e e eeeeeaaeeeeaaannnbnneeeas 6...... 22
9.3.2  Register Configuration...........cuueieeiiiiiieeiiiiie e 22
9.3.3  PIN FUNCHONS ..ottt e e e s e e r e e e e e e e e s s st nneeaeeaeeeeannnnnns 27
S o PP PP TP PP PP 231
LS R @ Y= V= PSPPSR 1. 23
9.4.2 Register CONfIQUIALION.........uuiiiiiiieeai it ee e e as 23
9.4.3 PN FUNCHONS ...ttt ettt e e e e e e e e e s e bbb s e e e eeaaaeeeaaaannns 2z
LSS T o o A SRS 233
LS IR T @ Y= 1 PSP 3. 23
9.5.2  Register CONfIQUIALION..........uuiiiiiieeii i e e e e e s eeeaaeeas 23
9.5.3 PN FUNCHONS ...ttt ettt e st e e e et e e e e e st ae e e e e enenes 2
S G =0 o 0 N PSR 235
O0.68. 1 OVEIVIBW ...ttt ettt e e e ettt e e e e e e e e e e naab e e eeeeeaaeeeeaaannnbeneees ST 23
9.6.2 Register Configuration...........cueeieiiiiiiieeiiiiee e 23
9.6.3 PN FUNCHONS ...cci ittt e e s e e s e e e e e e e s e s snnan e eeeeeaaeeeesnnnnnns 23
9.6.4 PN FUNCHONS ....uiiiiiiiiiii ettt et e e b e e s et e e e e ennees 2/
9.6.5 MOS Input PUll-UP FUNCLON.......uuuiiiiiiie e 24
LS A o o 0 = PSSR 243
O0.7. 1 OVEIVIBW ...ttt ettt e e e e e ettt e e e e e e e e e s nbabbeeeeeeeaaeeeesaannnbeneees 3. 24
9.7.2  Register Configuration...........c.ueeeiiiiiiiiei i 24
9.7.3  PINFUNCHONS ...ttt e e e e s e et r e e e e e e e e s snnan e neeeeeaaaeeesannnnns 24
9.7.4  MOS Input PUll-UP FUNCLON.......uuiiiiiieie e e e 24¢
SRS B o o A RSP 249
O.8. 1 OVEIVIBW ...ttt ettt ettt et e e e e e e e e e s bbbt e e e e e e e e e e e e e e nnebereees 9..... 24
9.8.2 Register CONfIQUIALION. .........ueiiiiiieeai e e e e e 25
9.8.3  Pin Functions for EACh MOGE...........couveiiiiiiiiiiiiiiic e 25
9.8.4  MOS INpuUt PUll-UP FUNCLION.......eeiiiiiiiiiie e 25¢
9.9 PO D e e e e e et e e e e e e eeeens 256
LS IR R @ Y= V= PP PRR B..... 25
9.9.2  Register CONfIQUIALION.........uuiiiiiiieeii ittt ee e e e as 25
9.9.3 PN FUNCHIONS ...ttt e e e e e e e e e e e et es e e e eaaaaeeeaaannns 2F
9.9.4  MOS INpUt PUll-UP FUNCHION. ......eeiiiiiiiiiiee et 26(
LS 00 0 T o T A 261
9.10.1  OVEIVIEW....eiieiiuiiiiie ettt e ettt e ettt e e s ettt e e e st e e e s anbb e e e s enbbeeaesenbaeeeeeannees 61..... 2
9.10.2 Register ConfigUration.............coiiiiiiiiiiieeee e e e e e e e e e e e e e e e e snannnes 26
9.10.3 PN FUNCHONS ...ttt ettt et e e e e e e e e e e e e e e e e e e e e annreeeees 2¢
9.10.4 MOS INPUt PUll-UP FUNCHON. ....iiiiiiiiiiieeee et e e e e e 26"
SR 5 R = o ) & B S 266
£ 0 O @ 1 =T V= PP 66...... 2
9.11.2 Register ConfigUration............cooiciiiiiiiiie e e s r e e e e e e e e s snnnnnes 26
9.11.3 PiN FUNCHONS ...ceiiiiiiiie ettt ettt e e ettt e e s st e e s st e e e e s snbbeeeeesnsbneaeeaas 2¢
\Y|

HITACHI



.12 POI H ottt e e nne e nen 271
9.12.1  OVEIVIEW ...ttt ettt ettt ettt ekt e et e skt e st e e e s ab e e e sabe e e sabeeesnbeeesnnneean 1. 2
9.12.2 Register ConfigUIatioN...........ooiuiiiiiiie et a e e 2
9.12.3 PN FUNCHONS ....uttiiiiiiiiie ettt e e e e e e e e e s e s e e e e e aaeeeeeeannneeneees z

LS 00 G T o T O P
9.13.1 Overview
9.13.2 Register ConfigUration.............ccciiiiiiiiiiie e e e e e e e e anereees 2
9.13.3  PiN FUNCHONS ..ottt e st e e s e e e e s nrneeeeeaa z

Section 10 16-Bit Timer Pulse Unit (TPU)........ccoooiiiiiiiiiiiiiieeieeeeeeee e 27

OB R @ Y= V71 PP 277
JO.1.1 FRALUIES ...eee ittt ettt e e e e e e e s e e e e 277......
O = [Tt QI =V [ = o PSRRI 2
10.1.3  Pin CONFIQUIATION. .....uuiiiiiiiiiiee ettt e e e e e e e e et be e e e e e e e e e e e e aans 2
10.1.4 Register CoNfIQUIAtON.........ocuuiiiiieieie e a e e e e e e 2

10.2 ReQIStEr DESCHPLONS ....eiiiiiiiiiieee ittt et et e e e ereens 286...
10.2.1 Timer Control REgISter (TCR)......icuitieiiiiiiee ettt 2¢
10.2.2 Timer Mode Register (TMDR)......ccooi it e e e e e e e ee e 2€
10.2.3 Timer I/O Control Register (TIOR)........ccccciiiiiieeiee e 29
10.2.4 Timer Interrupt Enable Register (TIER) ......ccoiiiiiiiiiiiiiiiiieeeeee e 3(
10.2.5 Timer Status RegiSter (TSR) .......ueiiiiiiiiiieeiiie ettt 3
10.2.6  Timer COUNLE (TCNT) . cciiuuieiiieiiiiete ettt sttt e s e e e s e e e nnaneee e 3!
10.2.7 Timer General Register (TGR) ......uviiiiiiiiiieiieiee et 3
10.2.8 Timer Start RegiSter (TSTR) ...ociicciiiiiiiieiiee e et e e e e e srerrerr e e e e e e e e e anannes 3
10.2.9 Timer Synchro RegIStEr (TSYR) ..uuuiiiiiiieii ittt e e e 3.
10.2.10 Module Stop Control Register A (MSTPCRA)........ooiiiiiiieeeeieeee e 31

10.3 INterface t0 BUS MASTET .........uiiiiiiie ettt e e e e 318....
10.3.1 16-Bit REQISIEIS ...ttt 3
10.3.2 8-Bit REGISIEIS ..ceieiiiiiiie ettt ettt 3

0 R @ T o =1 = 11T TSSO 320
L0.4.1  OVEIVIEW ..eiiiiiieitiie ettt ettt ettt et sib e st et e st e e sab e e s br e e anbe e e s anneeeanes 20...... 3
10.4.2 BAaSIC FUNCHONS .....ciiiiiiiiiie ittt ettt e s e e e :
10.4.3 SYNCHroNOUS OPEIaAtION .......uviiieiiiiiieee ittt ettt e s K
10.4.4 BUFEr OPEIAtION ...couetiiiiee ittt ettt et e e nabb e e e s aeneeen 3
10.4.5 Cascaded OPEratiON .........ccoiiiiiiieiiiiiiee ettt e e st e e e rbae e e e e annees :
10.4.6 PWM MOUES .....coiiiiiieeiiieie ettt sttt e e 3
10.4.7 Phase CouNting MOUE .......ccuiiiiiiiii e e e e e ar e e e e e e e e e s e e eaans :

ORI [ 01 (] £ (U] o] PP P PP PP PP URR 347
10.5.1 Interrupt SOUrces and PriOrtIES ........coiuiriieiiiiiiie et 3
10.5.2 DTC ACHVALION ..ueveiiiieiee ittt e e e e e e s s st e e e e e e e e e e e s anenreeaeees 3¢
10.5.3 A/D Converter ACHVALION...........coiiiiiiiiiiiiie e e e e s eer e e e e e e e s sssereeeeereeaeee e e e e 34

O G @ T T=T = U1 o] o TN I 1 o PR 350.
10.6.1 INPUL/OULPUL TIMING ....ciiiiiiiiiieie e e e e e e e e e s s e e e e e e e e e e s s s sannrrrreeeeaaaeen 3

HITACHI



10.6.2 Interrupt Signal TiMiNg .....ooiiiiiiiiieeccee e e e e e e e e e e s e ennreaaeees 35.

10.7  USAQE NOLES ...t e e e e e e e e e e e e e e eeeeeeeeeeeeaetebee e e s s e 358
Section 11 Programmable Pulse Generator (PPG) ........cccccuviviiiiiiiiiiiiiiiiieeeee, 3
B @ Y= V1= SRR 369
L1111 FEALUIES ..ottt et e e e e n s 369......
I3 O 7 = Y[ Tor T 1 =T | = o U 37
11.2.3 Pin CONfIQUIALION. ....eeiiiiiiiei ittt e e e e e e e e e eaneees 37
O O R (o 11 (= = PR RR 372......
11.2 ReQISter DESCHPLONS .....eiiiiiiiiiiee ittt e e e 373...
11.2.1 Next Data Enable Registers H and L (NDERH, NDERL) ........cccooviiiiiiiiiiiennnnn 373
11.2.2 Output Data Registers H and L (PODRH, PODRL) ......cuuviiiieeeeiiiiiiiiieeeneeeeeeenn 37¢
11.2.3 Next Data Registers Hand L (NDRH, NDRL) ......cccuiiiiiiiiiiiiiiiiiieeeeeeee e 375
11.2.4 NOES ON NDR ACCESS ...oetiiiiiiiieiiiiiiiiii et 37
11.2.5 PPG Output Control Register (PCR) ..o 37
11.2.6 PPG Output Mode Register (PMR) ......oocuuiiiiiiiiiie ettt 37
11.2.7 Port 1 Data Direction Register (PLIDDR).........cccoiiiiiiiiiiiiiiieiiiiieee i 38
11.2.8 Module Stop Control Register A (MSTPCRA).........ccocciiiiieeieee e 382
G T @ T o =1 = 11T o RS 383
11.3.1  OVEIVIEW ..ttt ettt e ettt ettt ettt ettt e bt s bt e s sbb e e et b e e s sabe e e bb e e e snbeeennneas 83...... 3
11.3.2 OULPUL TIMING ceiiieieiii ittt e e e e e e e e e st e e e e e e e e e e s e e annbnbbeeeeeeaaaeaens 38
11.3.3 NOrmal PUISE OULPUL ......ceiiiiiiiii ettt 38
11.3.4 Non-Overlapping PulSe OUIPUL ........ccoiiiiiiiiiiiiiie e 38
11.3.5 Inverted PUISE OULPUL ......ccoii e e e e e e e e e e e e e e s s nnnneee 3¢
11.3.6 Pulse Output Triggered by INput Capture..........cccovviiiiiiiiiiiiiiieee e 39
L11.4 USBQE NOTES ....ciiieieieieeitt ettt e e e e e e e e e et e et et e e eeeeeeebe b et e e e s e e e 392
Section 12 WatChdog TIMEN .......coviiiiiiiiieiii et 3¢
2 R © Y= V1= PSP 395
12,11 FEALUIES ..coi ettt ettt s e e s 395......
D2 A Y[ Tor L 1 =T | = o U 39
12.1.3  Pin CONfIQUIALTION. ....eeiiiiiiieiiii ittt e e e e e e e e e e eaneees 39
12.1.4 Register CONfIQUIAtION. ... ...uuiiiiiiiiie ettt e e e e eas 39
12.2 ReQISter DESCHPLONS .....eiiiiiiiiiiee ittt 399...
12.2.1 Timer COUNET (TCNT) . uiiiiieiiiiiie ettt ettt et e e e rab e e e s sbneeee e 39
12.2.2 Timer Control/Status Register (TCSR) ...uuuiviiiieeiiiiiiiiiiieei e e e 40
12.2.3 Reset Control/Status Register (RSTCSR) ......cccccuiiiiiiiiiee e A(
12.2.4 NOES ON REGISIEr ACCESS. ... uuuiiiiiiiiiiiee ettt e e e e e eee e 4
D2 B O T 1= = 11T ] o U TR SPUPP 408
12.3.1 Watchdog Timer OPEration ..........cueeeeiiiiiiieeiiiiie ettt 40
12.3.2 Interval TIMer OPEratioN .........ccoiouiiiieiiiiiite ettt e sbbee e e e eees 41
12.3.3 Timing of Setting Overflow Flag (OVF) ... 410
12.3.4 Timing of Setting of Watchdog Timer Overflow Flag (WOVF)..........cccccvveeeeenn. 411
VIl

HITACHI



I S 1 01 (=T o (U] o] £ PSR 412

12.5 USBQE NOLES ...ttt e e e e e e e e e e ettt eeeeeee e e bebe b s be e s e ¢ s 412
12.5.1 Contention between Timer Counter (TCNT) Write and Increment...................... 41
12.5.2 Changing Value of PSS* and CKS2 t0 CKSO0.........ccuviiiiiiiiiiieeiiiiee e 4
12.5.3 Switching between Watchdog Timer Mode and Interval Timer Mode................. 41
12.5.4 Internal Reset in Watchdog Timer MOde.........ccoueeeeiiiiiiiiiiiiiicece e 4
12.5.5 OVF Flag Clearing in Interval Timer MOde............coovciiiiiiiieeeieee e ccivvveeee e 41

Section 13 Serial Communication Interface (SCI) .......ueeiiiiiniiiiiiiiiieeiiiiiiis 4

R TR R © Y= V1 PSRRI SPPPRPPRY” ¥ o1
O Ot T 415......
R 0 2 = [ Yo 2 I = Vo | = T S SERERR 4
13.1.3 Pin CONfIQUIALION.......uuiiiiiiiiie e e e s s s e e e e e e e e e e s s re e e e e eaeeeeeeaaans 4
13.1.4 Register CONfIQUIATION. ..ottt e e e e e e e e e e ranee e 4

13.2 REQISter DESCHPUONS .....ueeiiiiiieieeiiiiit ettt e e e et e e e e e e e e e e s enenbbereeeeaaaeeeaanns 420...
13.2.1 Receive Shift RegiSter (RSR) ......cuuiiiiiiiiiiieiiiiiee ettt 4
13.2.2 Receive Data RegiSter (RDR)......ccoiiiiiiiiiiiiiiiee it nireee e 4
13.2.3 Transmit Shift Register (TSR).......cccccuviiiiiiieee e e e 4.
13.2.4 Transmit Data RegiSter (TDR)......ccccuuiiiiiieee i e e e s srrrere e e e e e e e e e s eaanns 4
13.2.5 Serial Mode RegiSter (SMR) ......cccuuiiiiiiiiiiie et 4
13.2.6 Serial Control RegiSter (SCR) .....ccciiiiiiiieiiiiiie ettt 4
13.2.7 Serial Status RegiSter (SSRY) ......ccuueiiiiiiiiiiie it ‘
13.2.8 Bit Rate Register (BRR) .......oiiiiiiiiiii ittt 4
13.2.9 Smart Card Mode RegiSter (SCMR).......uuiiiiieeiiiiiiiiiiieee e e e e e e e 4
13.2.10 Module Stop Control Register B (MSTPCRB) .........cccciviiiiiiiiee e, 44

TG B O T 1= - 11 o] o AU PP PR PO UPUPPPP 443
L13.3.1  OVEIVIBW ..ttt ettt e e e e e e e e ettt et e e e e e e e e e annbbnbseeeeeaaaaaans 43..... 4
13.3.2 Operation in ASYNChron0oUS MOGE........ocuuiiiiiiiiiiie et 4
13.3.3 Multiprocessor Communication FUNCHON ..........cueeeiiiiiiiiiiiiiiieee e 4t
13.3.4 Operation in Clocked Synchronous MOGE..........ccceeviiiiiiiiiiiiiieiee e sriieeee e 4

G A ST O I [ 1 (=] 4 (U] o1 PP 472

13.5  USAQE NOLES ...t e e e e e e e e e e e e e e e et e eeeeeeeetebe s e e s e s s 473

Section 14 Smart Card INTErfaCe ..........uuuveieiiiiiiiie e £

I R @ =T V= OO PUPRSRRY” S 1
L4011 FEALUIES ...eeeii ittt et e e e e e e e e e e 483......
I = [Tt QI =V | = U PERURR 4
14.1.3  PiN CONFIQUIATION. .. ..uuiiiiiiiiiiae ettt e e e e e e et e e e e e e e e e e e e e aans 4
14.1.4 Register CoNfIQUIAtION.........ooueiiiiiiieieee e e e e e e e 4

14.2 RegiSter DESCHPLIONS .....eiiiiiiiiie ettt et e e b e e 481...
14.2.1 Smart Card Mode Register (SCMR)......cuuuiiiiiiiiiiieiiiie e 4
14.2.2 Serial Status ReQISIEr (SSR) ....coii ittt ‘
14.2.3 Serial Mode Register (SMR) .......ccccuiiiiiiiiiie e e e e e 4

IX

HITACHI



14.3

14.4

14.2.4 Serial Control REGISIEr (SCR) ..ccvviiieiii et 49

(@] o1=T = 11T0] o TP PP TP UUPPPPP 494
L4.3.1 OVEIVIEW ...ttt et e e e e e e ettt ettt e e e e e e e s e aanbnbeeeeeeeaaaeaeaaaannns 9...... 4
14.3.2 PiN CONNECLIONS .....uuiiiiiiiieee e e ie ittt et e e e e e et s s st e e e e aeeeesssasssnabeeaeeeeeaaeeesesannnnnes 4
I TR T D T = o 0 = | 4
e B A = (o 1) (= S 11 1]V £ PSSR 4
L4.3.5 ClOCK...eeiiiiiie ittt 500....
14.3.6 Data Transfer OPeratiONS..........ooiiiuiiiiiieiieea et e e e e e e e 5(
14.3.7 Operation iN GSM MOE .........oooiiiiiiiieiiii e 50
14.3.8 Operation in Block Transfer MOGE .........ccooiiiiiiiiiiiiiiieee e 511
USAQGE NOLES ...ttt e 511

Section 15 iC Bus Interface [Option]

151

15.2

15.3

154

(Only for the H8S/2638 and H8S/2639).........ooveeeeeeeeeeeeeeeeerenn, 515
OVBIVIBW ...ttt ettt et e e e oo oottt et e e e e e e e e e e et bebe e e e eeeaaaeeesaaannnbennaeeeaeas 515
T I R T (PP TPRRP Bi5......
T N2 =1 (o Tod Q) B IT= o = 11 IO PP PP PP 51
LT G T [T o101 7@ U o T | =T PSRRI 51
15.1.4 Register CONfIQUIAtION...........uuuiiiiiiieeeiei e e e e e s s e e e e e e e e s s e ssnnrrraeeeees 51
REQIStEr DESCHPLIONS ....eeiiiiieeiiie ittt ettt e e e et e e e e e e e e e e e anneene 520...
15.2.1 FC Bus Data RegdiSter (ICDR)........cccuciuiiieeteeee et eete et ete ettt eve e ens 52(
15.2.2 Slave Address RegiSter (SAR)......c.uuii ittt 52
15.2.3 Second Slave Address Register (SARX) .....oocuuiiiiiiiiiiieiiiiee e 52
15.2.4 FC Bus Mode RegiSter (ICMR)........cueiueeeeirieereieecteeetesreeete s ereesaesraesreenaesreeere e 525
15.2.5 FC Bus Control RegIStEr (ICCR).......covuviiieiieeceeeeeeeetee et eetee et eteeseteesaaesereesneeeas 528
15.2.6 FC Bus Status RegiSter (ICSR) ....ccccviirieiieitiecieetie et ettt ettt et 53
15.2.7 Serial Control Register X (SCRX)......cuuriiiiiiiiiiee it 54
15.2.8 DDC Switch Register (DDCSWR)........coiiiiiiiiiieiiee ettt svee e 541
15.2.9 Module Stop Control Register B (MSTPCRB) .........ccoiiiiiiiiiiiiiiiiee e 542
(@] 0= - 1110} o APPSR 543
15.3.1 FC BUS Data FOMAL........cieieieieieieiie ettt ene e neaneeneeneen 54.
15.3.2 Master TranSMit OPEIatioN ..........eeeiiiieeaiiiiiiiiiiieie e e e e e e e e e e e e e eeebeeeeen 54
15.3.3 Master ReCeivVe OPEIration ..........cooiiiiiiiiiiiiiiiiieie e e e e e e e e eeeeas 5¢
15.3.4 Slave ReCEIVE OPEIAtiON.......ccciiiuiiiieiiiiiieie ittt e sttt e et e st eessabe e e e s seeeeen 5!
15.3.5 Slave Transmit OPEration ..........cooiueiiiiiiiiiiiee it 5t
15.3.6 IRIC Setting Timing and SCL CONtrOl...........coooiiiiiiiiiiiieee e 554
15.3.7 Operation Using the DTC ... e e r e e e e e e 55
15.3.8 NOISE CANCEIET.....oeiiiiiiiiee e 5!
15.3.9 SamMPIe FIOWCHAITS. .....cciiiiiiiiii it 5t
15.3.10 Initialization of INnternal State ...........ooviiiiiiiiii e 56!
USAQGE NOLES ... .ottt s 562

HITACHI



Section 16 Hitachi Controller Area Network (HCAN).......cooovviiiiiiiiiiiiiieeeeees 57:

L168.1  OVEIVIBW ....eeeeieeiiet e ettt e e e e e oottt et e e e e e e e s e s e nnbebb et e e eeaaaeaesaaannnbnraeeeaaaaeas 571
L16.1.1 FRAIUIES ...cceeeieiieeeettttet et e e e e e e e e e e e e e e e et et et e et e e eeae et bbebababaaa e e e e e e e e e e e s B71......
T B =1 (o Tod [ B T- To | = 11 I PP PPP 5
16.1.3 Pin CONfIQUIAtiON.......uuviiiiiiiiee et e e s e e e e e e e e s s e e e e aaeeeeeeenans 5
16.1.4 Register CoNfIQUratioN...........ccuuiiiiiiieie e e e e e e e s e s s e e e e e e e e s e e enenreees 5
16.2 REQIStEr DESCHPLIONS .....veeiiiiiieieii ittt e et e e e e e e e e e s eeeeaaaeeeeanns 5178...
16.2.1 Master Control Register (MCR) ........uuiiiiiiiiiiaii e 5
16.2.2 General Status RegiSter (GSR) .......oviiiiiiiiieiiiiiee et !
16.2.3 Bit Configuration Register (BCR) ........cccoiiiiiiiiiiiiiiee et 5¢
16.2.4 Mailbox Configuration Register (MBCR)........ccuiiiieeiiiiiiiiiiiiiieeeee e e eesveieeeee s 58
16.2.5 Transmit Wait Register (TXPR) ......c.ooiiiiiiieiieeee et siivrare e e 5¢
16.2.6 Transmit Wait Cancel Register (TXCR) .....ccoiiiiiiiiiiiiiieieee e 5¢
16.2.7 Transmit Acknowledge Register (TXACK) ......cooiiiiiiiiiiiiiiieeeeee e 58
16.2.8 Abort Acknowledge Register (ABACK).......ooocuiiiiiiiiiiiee e 58!
16.2.9 Receive Complete Register (RXPR) .....ccuiiiiiiiiiiieiie e 5
16.2.10 Remote Request Register (RFPR) .......ccuviiiiiiiieee et e e |
16.2.11 Interrupt REQISIEN (IRR) . ..uuiiiiiiiiiee ettt e e e e e e e e e e s s et eeeaaae s 5
16.2.12 Mailbox Interrupt Mask Register (MBIMR) ...........cueiiiiiiiiiiiiiiiiiiiee e 59¢
16.2.13 Interrupt Mask Register (IMR) .......oooiiii e 5¢
16.2.14 Receive Error Counter (REC).......uuiiiiiiiiiiiee ittt 5
16.2.15 Transmit Error CoUNtEr (TEC).......oiiuiiiiiiiiiee ettt sreee e 6
16.2.16 Unread Message Status Register (UMSR)........cccovvieiiiiiiiiiiiiiiieecce e (
16.2.17 Local Acceptance Filter Masks (LAFML, LAFMH) ......ccccocceeieiiiiiiiiiiiieeeeeee 601
16.2.18 Message Control (MCO t0 MCL5) ......uuuiiiiiiiiiiaaaiiiee e 6
16.2.19 Message Data (MDO t0 MDL15) .....cooiiiiiiiiiiiiieiieie e 6
16.2.20 Module Stop Control Register C (MSTPCRC) ........coviiiiiiiiieiiiieee e 6(
L16.3  OPEIALION. ...eeiii ettt e et s et e e e e bt e e e nn b et e — 610
16.3.1 Hardware and SOftware RESELS ........ccuuiiiiiiiiiiiii e 1
16.3.2 Initialization after Hardware RESEt..........ccovvuiiiiiiiiiiiiie i 6
16.3.3 TranSMIt IMOGE......cooiiiiiiiie et e e e e e e bbb e e e e e e e e e e as 6
16.3.4 RECEIVE MOUE ...ttt e e e e e e e e e et eeeaaaa e e e e €
16.3.5 HCAN SIEEPD MOUE ...ttt st e e ee e 6
16.3.6  HCAN Halt MOOE ......c.eeeiiiiiiiiiie ettt e e e e e e e e s e et aee e e e e e e e e 6:
16.3.7 INterrupt INTEIACE ...oceee e e 6
16.3.8 DTC INLEITACE ...eeeiiiiieeiie ittt e e e e e e e e s ab b e e e ee e 6
16.4 CAN BUS INEITACE ....cciiiii it 633...
16.5 USAQE NOLES ...t e e e e e e e e e e e e e e e e e eeeeeeeeebee e e s e s i« 634
SECHON 17 A/D CONVEIEI ....ceeeeeiieitiiiiaeeee e e e e eeeeeeeeeeataaeaanaa s s e s e eeeeeeeaeeeeeeeensnnnnnns 6
0 R © Y= = PRSP 635
L17.1.1 FAIUIES ...cceeeeeeeeeietttt ettt e e e e e e e e e e e e et et et e e e e e e e aeee s r e re e nn e e e e e e e e e e s 635......

HITACHI



I A = Y (o Tor T =T | = o SRR 63
17.1.3 Pin CONfIQUIALTION. ....eeiiiiiiieeiii ittt e e e e e e e e eaaeees 63
17.1.4 Register CONfIQUIAtION. ... ....uuiiiiiiiiie et e e e e e e e 63
17.2 ReQISter DESCHPLONS .....eiiiiiiiiiie ittt ettt e e e 639...
17.2.1 AJD Data Registers A to D (ADDRA to ADDRD).......cccooiiiiiieiiiiieeeniiieee e 639
17.2.2 AJD Control/Status Register (ADCSR) ........cccociiiiiiiiieie e e e e 64(
17.2.3 A/D Control Register (ADCR) .......uuiiiiiiiiie e e e e e e e e enan 643
17.2.4 Module Stop Control Register A (MSTPCRA).......ooiiiiiiiiiiiiiieeeeee e 644
17.3 INnterface t0 BUS MASTET .........uiiiiiiieieiieiie e e e eeeeeae e 645....
O N O o= = 1o ] PSP PP TP PP .646
17.4.1 Single M0Ode (SCAN = 0) .uueiiiiiiiiiiie ittt e s e e naaeeee 64
17.4.2 SCan MOAE (SCAN = 1) ..uuiiiiiiiiiiiee e e e et e e e e e e e e e s s rr e e e e e e e s e s e nnanranrreeeaaaeeas 64
17.4.3 Input Sampling and A/D Conversion TIME .......ccccuviireiieeee e eee e e e e e e e eeannes 65(
17.4.4 External Trigger INPUL TIMING......oooi it e e 65
I | 01 (] £ (U o] PP PP 652
L17.6  USAQGE NOLES ....ouiieiiiiieieiii ittt e ettt e e e e e e e e e e e e e e e s e s s 652
SECHION 18 D/A CONVEITE ...ueiieiiiiiiiiiieee e e e e e e e 65
L18.1  OVEIVIEW ..ot iiiiieiiiiie ittt ettt ettt ettt ettt et e e s e e s s e e e sabe e e ssbe e e snnneessnneesbneesanneenaned 659
18.1.1 FEALUIES ..ottt 659......
18.1.2 BIOCK DIBQIAIM .....eutiiiiiiiiee ettt et e e e e e e e e s et e e e e e e e e e e e e e annneneeees 65
18.1.3 Input and OULPUL PINS ......cooiiiiiiiiiiiiieie et 66
18.1.4 Register CONfIGUIALION. ........oiitiiiiiiiiiiiie ettt e e e 66
S 2 = L= To 1) (=T =T Tox ] o] 1T I SRR 662...
18.2.1 D/A Data Registers 0, 1 (DADRO, DADRIL).......ccccooiiiiiiiiiiie e 662
18.2.2 D/A Control Register 01 (DACROL) .......uuuiiiiiiiiaaiiiiiiiiie it 662
18.2.3 Module Stop Control Register A (MSTPCRA).......ooi i 664
L18.3  OPBIALION. ..ttt e e s et e e n b e e e bt 4 —— 665
Section 19 Motor Control PWM TIMET.......cooueiiiiiiiiiiiiiiiiiiiieeeeeeee e 667
L9.1  OVEIVIEW ..ot iiiiieiiiie ettt ettt etttk e st e e st e s e e sabe e e sne e e snbreesnnneesnneesanneennned 667
1911 FEALUIES ...ttt 667......
L I A =1 (o Tor [ B 1 =T | = o IO RUP TR 66
19.1.3 Pin CONFIQUIALION. ... ..uiiiiiiiiiiiie ittt e e s eneeas 67
19.1.4 Register CONfIGUIALION. ......c.oiitiiiiieiiiiie ettt e e 67
S 2 = L= To 1) (=T =TT ] o] 1T I PR 6172...
19.2.1 PWM Control Registers 1 and 2 (PWCR1, PWCR2).......cccccccveeeeeeiiiiiciiiieeeeeeeem 67:
19.2.2 PWM Output Control Registers 1 and 2 (PWOCR1, PWOCR2)........cccceveeeinnnnn 67:
19.2.3 PWM Polarity Registers 1 and 2 (PWPR1, PWPR2) ........cccoiiiiiiiiiiieiiiiiiieee 67
19.2.4 PWM Counters 1 and 2 (PWCNTL, PWCNT2) ......ooiiiiiiiiieeiieee e 67"
19.2.5 PWM Cycle Registers 1 and 2 (PWCYR1, PWCYR2)......ccccccevviiiiieeiniiieeeen 675
19.2.6 PWM Duty Registers 1A, 1C, 1E, 1G (PWDTRI1A, 1C, 1E, 1G)....ccccccvvvrrvrennnn 676
19.2.7 PWM Buffer Registers 1A, 1C, 1E, 1G (PWBFRI1A, 1C, 1E, 1G).....cccccevvvrennen 678

i

HITACHI



19.3

19.4

19.2.8 PWM Duty Registers 2A to 2H (PWDTR2A to PWDTR2H).......ccccovoiveiiveennnen. 679
19.2.9 PWM Buffer Registers 2A to 2D (PWBFR2A to PWBFR2D)........ccccovcveieiiineene 68C
19.2.10 Module Stop Control Register D (MSTPCRD).......cccoiiuiiiiiiiiiiiee e 6€
BUS MaSLEr INTEITACE ......eiiiiiiiiiiie it 682...
19.3.1 16-Bit DAta REQISLEIS.....ciiiiiiiiiie ittt ab e e e
19.3.2 8-Bit Data REQISIEIS......uuviiiiieee et e e

(@] 01=T = 11 T0] o P UEERRRR

19.4.1 PWM Channel 1 Operation
19.4.2 PWM Channel 2 Operation

195  USAGE NOTE ...ttt ettt e e e e e e e e e e et e e et e e e e e e s smnnneeen
SECHON 20 RAM. ... e e e e e e e e e e e e 6
20,1 OVEIVIBW ...eeeitiieiiiee ettt ettt ettt s ket e s s bt e e st et e sabe e e st et e e abe e e sbee e e ssbeeennreeeanreeesnneeaas 687
20.1.1 BIOCK DIBGIAM ...cciiiiiiiiiitte ettt e e e e et e e e e e e e e e e s bbb e e e e e eeaaeeeas 6
20.1.2 Register ConfigUratioN...........coiuuiiiiiieeiie et e e e e e e e 6
20.2 RegiSter DESCHPIONS ......ueiieiiiiiiee ettt ettt e et e e e st e e e s sbbeeeeesns 689...
20.2.1 System Control ReIStEr (SYSCR) ... ..uuiiiiiiiiiiieiiiiiiee ettt 6
P20 I T © 0T 1 o] o U 689
20.4  USBQE NOLES ...ouiiiiiiiiiiii ettt et e e et e e e e e e tb s e e e e eetaan s e e e e e et ——— 689
SECHON 21A ROM...iiiiie e e e e 6
P O @ YT 4 T PSP 691
21A.1.1 BIOCK DIBOIAIM ...cciiiiiiiiie ittt st e et e e e e s sabaeeeeeanes 6¢
21A.1.2 Register ConfigUration.............uuviiiiieeiiii e e e e e 6!
P2 N = (=T o 1) (=T D= o ] o] (0] o PP 692....
21A.2.1 Mode Control Register (MDCRY) .........uuiiiiiiiiiiiiiiiiiieeeee e 69
A RS B @ o =T - 1o o P UTUPRR 692
21A.4  Flash MEmOIY OVEIVIEW .......ccoiiuuiiiiaiiiiieee ettt e ettt ettt et e e st e e e e s ebne e e e s snnneeas 6
B I © YT 4 T 696
P2 N A = T Yo I =V [ = T PR 6¢
21A.5.2 MOUE TrANSItIONS ...ceiuveieiiieeitiee e rttee ettt et et e st e et e e snbe e e snb e e e snreeesnnee e 6!
21A.5.3 On-Board Programming MOES..........cceiiiiiiiiiiiiiiiiiieeiee e 6!
21A.5.4 Flash Memory Emulation in RAM ... 70!
21A.5.5 Differences between Boot Mode and User Program Mode.............ccccceeeuee. 7
21A.5.6 BIOCK CONFIQUIALION.......ciiiiiiiiiieiiiiiiee ettt 70
21A.6  Pin CoNfIgUIAION......ciiiiie i e e e e e s e e e e e e e e e e enns s e 703.
21A.7 Register CONfIQUIALION..........uuiiiieiee i e e s e e e e e s e eeeeeeens 104.....
21A.8 ReEQIStEr DESCIPLIONS ... ..utteiiiiieiaee ittt e e e e e e et e e e e e e e e e e s s asabbeeeeeeeeamnes 704....
21A.8.1 Flash Memory Control Register 1 (FLMCRL) .......ccuuviiiiiiieieeeiiiiiiiieeeeeeee 70
21A.8.2 Flash Memory Control Register 2 (FLMCR2) ........ccuvvviiiiiiieiiiiiiiiee i 70
21A.8.3 Erase Block Register 1 (EBRL) ......coocuiiiiiiiiiiiieiiiiiee e 7
21A.8.4 Erase BIock RegiSter 2 (EBR2) ......uuuuiiiiieeiiiiiiciiiiieeeeee et en e e aa e e e 7
21A.8.5 RAM Emulation Register (RAMER)..........ccooiiiiiiiiiiiiiiieee e 70¢
X1

HITACHI



21A.8.6 Flash Memory Power Control Register (FLPWCR) ......cccccccveveeeeeiiiiiciiiinne, 710

21A.9 On-Board Programming MOOES.........ccooiiiiiiiiiiiiiiiiee ettt a e e e e e 7]
21A.9.1 BOOt MOGE ....coiiiiiiiiiietee ettt e e e et e e e e e e e e e e e e eeeeaeas 71
21A.9.2 USEr Program MOUGE..........ueiiiiiiiiiie ittt 71

21A.10 Flash Memory Programming/EraSing...........occuueeeeinuireeeniiiieeeenniieeeessiieeeeessssseeessevseen 71
21A.10.1 Program MOUE ........uuuiiiiiiiiiee e e e e ee ettt e e e e e s e e s s e e e e e e e e e e s s s snstenaeeeeaaaeaeeaean 72
21A.10.2 Program-Verify MOOE .........cooiiiiiiiiiiiie ettt rrr e e e e e e e e e 721
2L1A.10.3 ErASE MOUE ....coeiieiiiiiiee ettt ettt e e 72
21A.10.4 Erase-Verify MOOE.........ooo ittt 72!

N T o o) (= ox 1T IR POOPRRRRRRRR 42.0 4
21A.11.1 Hardware ProteCION .........uuueiviiieeeiis ittt e e e e e s s s e e e e e e e s e s enennveaeeeee e 72
21A.11.2 SOFtWAre ProtECHON ......ceeiiiiiiriie ittt 72
21A.11.3 EFTOr PrOtECHION ..eeeiuieeeiiiie it ettt ettt ettt ettt nn e e s ann e 72

21A.12 Flash Memory Emulation in RAM .........eiiiiiiiiiie et 73’

21A.13 Interrupt Handling when Programming/Erasing Flash Memory ..........cccccceeiviiieeeenen. 73

21A.14 Flash Memory Programmer MOGE...........uuiiiiiiiiiiieiiiiie et 7:
21A.14.1 Socket Adapter and MemOory Map......c.ueeeeeiiiiiieei e 73
21A.14.2 Programmer Mode OPEration ...........uueeeiieeeeeiiiiiiinieeereeseeesssssnssnneeeeeeseeeseesann 73
21A.14.3 Memory Read MOUE ..........uuiiiiiiiiiee ettt s e e e e e e e e e e e e 73
21A.14.4 AULO-Program MOE ............uuuiiiiiiiiiiae ettt 74
21A.14.5 AULO-Erase MOGE........coooiiiiiieieeeie et a e e 74
21A.14.6 Status REAA MOUE ......uvviiiiiiiee ettt e e e e e et beeee e e e e e e e e 7!
21A.14.7 STALUS POIlING ..eeieieiiiiiiee ittt e sbb e e e ees 74
21A.14.8 Programmer Mode Transition TiMe ........c.c.vueviiiieeeeeiiiiiiiiieeer e e e e e e 74!
21A.14.9 Notes on Memory Programming ...........cocciiviiereieeeee e icsiinnreeee e e e e e e e s e ssnnneees 74

21A.15 Flash Memory and POWer-DOWN STAES ........ccc.uuiiiiiiiiiiiee it 7:
21A.15.1 Notes 0N POWEr-DOWN STAES .........uiiiieieiei et 74

21A.16 Flash Memory Programming and Erasing Precautions ...........ccccoucvvereiiniiineeeniiiee e 7

21A.17 Note on Switching from F-ZTAT Version to Mask ROM Version............ccccoecveeeeennnn 753

SeCtioN 21B ROM...coiiiiiiiiiiiie ettt 7E

21B.1  OVEIVIEW. . .eiiiiiiieiiie et e ettee ettt ettt et ettt e e s be e e ssbe e e snbeeesnbeeesnbneesnneesnnneessnneessnns ] DD
21B.1.1 BIOCK DIagram......cciiiiieiiieiiiiiie ittt e e e e e e e e e e e e e e e e e annneneeees 75!
21B.1.2 Register CONfiQUIratioN. ..........eeieiiiiiiiieiiiiiiee et 75

21B.2  ReQiSter DESCHPLIONS.....cittiitie ittt ettt e e e s sibb e e e e eneas 756.....
21B.2.1 Mode Control Register (MDCR)

A R I @ o 1T - 1o o [ SRR

21B.4  FRAMUIES .....cutiiiiiiiiiie e e e 759

21B.5  OVEIVIEW...eeiiiiiieeeeiiieeiitie et e et e e e e e ettt e e e e e e e e e e s s snnrnneeeeeeeaaaesesssannnnsssseeeeaaaeaeans L OO
21B.5.1 BIOCK DIBGIAM ... ..ueiiiiiiiiiiiieiiiitee ettt ettt e s e e e e e 76!
21B.5.2 MOAE TraNSIIONS ....ueeiiiiieeeisiieiiiiiiiee it e e e e e e s s s et eeeeee e e s e s snnenraeaereeaeeeeesannnnes 76
21B.5.3 On-Board Programming MOGES.........ccccoiiiiiiiiiiiiiiiiie e e s scciineee e e e e e e e e e eneees 76
21B.5.4 Flash Memory Emulation in RAM ........cccoviiiiiiiie e 764

XIvV

HITACHI



21B.5.5 Differences between Boot Mode and User Program Mode..............ccccevvveeee. 7

21B.5.6 BIOCK CONfIQUIALION. ...cciiiiiiiiiiiiitietie ettt e e e e e e e 7€
21B.6  Pin ConfigUuration...........oiiiiiiiiiiiie e eneees 766..
21B.7 Register ConfigUuration...........ccoiiiiiiiieiiiiiiie ettt 167.....
21B.8 ReQiSter DESCHPLIONS.....iiuttiiie ittt et sebbee e e s s b 1671.....
21B.8.1 Flash Memory Control Register 1 (FLMCRL) .......cccoovvviiiiiiiiiiiiiiee e 76
21B.8.2 Flash Memory Control Register 2 (FLMCR2) .........ccoovviiiiiiiiiiieeeeee e 77
21B.8.3 Erase Block Register 1 (EBRL) .....ccoooiiiiiiiiiiiiiiiiiiecee e 7
21B.8.4 Erase Block Register 2 (EBR2) .....coooiiiiiii e 7
21B.8.5 RAM Emulation Register (RAMER).........ccuiiiiiiiiiiieiiiee e T7.
21B.8.6 Flash Memory Power Control Register (FLPWCR) ........ccceeeiiiiiieiiiniiieeene 77
21B.9 On-Board Programming MOOES..........cccuuiiiiiiiiieee e e e i eeiiiiiteeeeere e e e e e s ssssnnanaaeeeeaea e e e s e snnnnnes 1
21B.9.1 BOOt MOGE ...ttt 7
21B.9.2 User Program MOGE............ouuiiiiiaiiiiiiiiiiie et ee e 7
21B.10 Programming/Erasing FIash MemOry........c..coooiiiiiiiiiiiiiie e 1
21B.10.1 Program MOE ........cccoiuuiiiieiiiiiite ettt st e s eibe e e e e aneeeas 7
21B.10.2 Program-Verify MOOE ..........ccuuiiiiiiiiiiiei i 78
21B.10.3 EraSE MOUE ......oeiiiiiiieiieecett ettt 7
21B.10.4 Erase-Verify MOUE...........uuuiiiiiiieeiii ittt s s ee e e e e e e e e s s ranee e 7
P2 = P00 B R o (] (=T ox 1 o] PP RSP 790
21B.11.1 Hardware ProteCON .........cooiiiiiiiieieeiee ettt e e e e e e e e e 7
21B.11.2 SOftWare ProtE@CLON ......coviiieeiiiiiiiiiieie et e e e e e e e e e e e e e e ean 7
21B.11.3 ErrOr ProtECHON ..vvveee ittt ettt e e e e e e e s r e e e e e e e e s s e ennnrenneees 7
21B.12 Flash Memory EmMUulation in RAM .........coiiiiiiiieeeee et e svarae e e e e e e 7
21B.13 Interrupt Handling when Programming/Erasing Flash Memory............ccccccoevccivvvvvnnnenn. 7
21B.14 Flash Memory Programmer MOGE........cooiiiiiiiiiiieiee ettt |
21B.14.1 Socket Adapter and Memory Map.........coocuuerieiniiiiieiiiiie e 7!
21B.14.2 Programmer Mode OPEeration .............eeeuiuueeiieiiiiieie s iiiieeeessieeeeessineeee s 7
21B.14.3 Memory Read MOUE ..........ooiiiiiiiiieiiiiiee ettt 7
21B.14.4 AUtO-Program MOGE .......couiieeiiiiiiiiiiieieee e e e e e e e e e s s e e reaaa e e e 8
21B.14.5 AULO-Erase MOUE........cocuiiiiiiiiiiie et 8
21B.14.6 Status Read MOUE ..........cooeiiiiiiiiiiiiiie ettt {
21B.14.7 StAtUS POIING ...ciieeiiieiiiee et 8
21B.14.8 Programmer Mode Transition TiME ........cooouiiieiiiiiiie e 8(
21B.14.9 Notes on Memory Programiming .........ocueeeeeiieeeeeniiieeeeesniiieeeessineeeessnineeeeesns 8
21B.15 Flash Memory and POWEr-DOWN StAteS .........ccceeiiiiiiiiiiiiiiiiieee e sciieeeer e e e e e e e 5
21B.15.1 Notes on Power-Down STates ............ccviiiiiiiiiiiiiiiiici e 8
21B.16 Flash Memory Programming and Erasing PreCautions ..............cccceeeeeviniiiiiiiieeeeceeenennn E
21B.17 Note on Switching from F-ZTAT Version to Mask ROM Version............ccccccvveeennnnen. 81¢
Section 22A Clock Pulse Generator (H8S/2636, H8S/2638)..........ccccevevviiiiinnns 8
22A. 1 OVEIVIEBW......eiiiiiiieittee ettt sttt et e et ek e e et e e s e e ssr e e e nnr e e e nane e e nnr e e memmmne e 817
P2 N I A [ Yo Q0 1 =V [ = 1 . SRR 8!
XV

HITACHI



22A.1.2 Register Configuration.........ccccuuieieiieeeii i e e e e e s s s r e e e e e e e s nnnnenees 81

22A.2 ReQIStEr DESCIIPUIONS ... ..ututieiiiiiiee ettt e e e e e et e e e e e e e e e e s s snaebeaeeeeeeemnes 818....
22A.2.1 System Clock Control Register (SCKCR).......coiiviiiiiiiiiiiieeiiiiee e 81¢
22A.2.2 Low-Power Control Register (LPWRCR)........cccoiiiiiiiiiiiiiiieeiieeeee i 819

P N T © 1= o | = (o] R 820
22A.3.1 Connecting a Crystal RESONALON. ..........cccuiiiiiiiiiiiieece e e e e e e 82
22A.3.2 EXternal ClOCK INPUL.......ciiiiiie e e e e r e e e e e 82:

P N S = I O | (o] | S PRSPPI 825

22A.5 Medium-Speed CIOCK DIVIAET ........eiiiiiiie et e e e e e e 82

22A.6 Bus Master Clock SeleCtion CirCUIL...........uuruiiiiiiieeeeesieiiiiieiereee e e e s e e e e e e e e e e s eaes 82

22A.7  SUDCIOCK OSCIlIALON.......cceii ittt r e e e e e e eaens 826...

22A.8 Subclock Waveform Generation CirCUIL ..........coicuiereeiiiiieee it e e siieeee e 82

22A.9 Note 0N Crystal RESONALON.........c..uviiiiiieiie e e e et e e e e e e s s s e e e e e e e e e s e e snaanenes Lo 8

Section 22B Clock Pulse Generator (H8S/2639 Series)........ccoovvvvvvvvvvnniinaneennn. 8:

P T R @ V=T V= PRSP 829
22B.1.1 BIOCK DIBOIAM.....ueeiiiiiiiiiiiie ettt st b e 82
22B.1.2 Register CoNfigUIation...........ceiieeeiiiiiiiiiiiieiie e e e e s r e e e e e e e snrnraneee s 83

22B.2 REQIStEr DESCHPLIONS . ...iiiiii i i it c ettt e e e e e e e e e e s e s s rreeeaaeeeeseaaanns 830.....
22B.2.1 System Clock Control Register (SCKCR).......cooviiiiiiiiiiiiiieeeeeiiieeeee e 83(
22B.2.2 Low-Power Control Register (LPWRCR)......ccooiiiiiiiiiiiiiiieeeee e 831

P R @ Lo | =1 (o P 832
22B.3.1 Connecting a Crystal RESONALON.......c.coiuuiiiiiiiiiiee et 8¢
22B.3.2 External CloCK INPUL.......ccciiiiiiee e e e e e e 83!

P = T S I R 1 o | OO PRPRSRRR 837

22B.5 Medium-Speed ClOCK DIVIAE ........coiiiiiiiiiiee ittt e e e e e e 83

22B.6 Bus Master Clock Selection CiFCUIL...........ooeiiiiiiiiiiiiiiii e 83

22B.7  SUDCIOCK DIVIAEL ....evvieiiiiiee ettt e e e e e e e e e e e e e e e s 838..

22B.8 Note 0N Crystal RESONALON........ciiiiiiiieeeiiiiiee ettt 8.t 8

Section 23A Power-Down Modes

23A.1

23A.2

23A.3
23A.4

XVi

[HD64F2636F, HD64F2638F, HD6432636F, HD6432638F]...... 839
OVBIVIBW ...ttt e oo oo ettt e e e e e e e e e s e anbbeteeeeaaaeeeeaaaannnssssmmmmmmnn o 839
23A.1.1 Register CONfIQUIALION. .......ccoiiiiiiieiiiiii et e 84.
REQIStEr DESCIIPLIONS .....utieiii ettt e e s aesmes 844....
23A.2.1 Standby Control Register (SBYCR) ......ccoociiiiiiiiieiee e 84¢
23A.2.2 System Clock Control Register (SCKCR)........ccoccciviiiieiiieee e ccccviiieeee e 84F
23A.2.3 Low-Power Control Register (LPWRCR).........cccuuiiiiiiiiieeeeiiiiiiieeeeee e 847
23A.2.4 Timer Control/Status Register (TCSR) .......coveiiiiiiiiiiiiiiiie e 84"
23A.2.5 Module Stop Control Register (MSTPCR).........ccooiiiiiiieiiiieieeiieee e 848
MediUM-SPEEA MOUE........coiiiiiiiiiieiie e 0....... 8!
Y 1= oI, o T [ SR 851
23A.4.1 SIEEP MOUE ... .t e e e e e e e a e e e e e e e 85

HITACHI



23A.5

23A.6

23A.7

23A.8

23A.4.2 EXItiNg SIEEP MOE ......eeeiiiiiiiiiiice e 8!

MOAUIE STOP MOAE ... 852......
23A.5.1 ModUule StOP MOAE ......ouuiiiiiiiieeeei ettt e e 8!
23A.5.2 USAQE NOLES ...ttt e e a e e &
Software Standby MOGE. .......coiuiiiiiiiiie e 4....... {
23A.6.1 Software Standby MOE...........coooiiiiiiiiiiiie e 8
23A.6.2 Clearing Software Standby MoOde............cccoiiiiiiiiiieee e 8!
23A.6.3 Setting Oscillation Stabilization Time after Clearing Software

StANADY MO ..o 8¢
23A.6.4 Software Standby Mode Application Example ...........ccccccoviiiiieeiiiiieneennenen, 85
23A.6.5 USAQE NOLES .. ..ttt e e e e s e e e e e e e e &
Hardware Standby MOGE .........uuuiiiiiiei i r e e e e e e e e e e nannns {
23A.7.1 Hardware Standby MOAE ...........coooiiiiiiiiieiic e 8
23A.7.2 Hardware Standby Mode Timing.........ccccuuueiiiiiiiiiiiiiie e 8t
@ Clock Output Disabling FUNCHION...........ciiiiiiiiiiiiiiie et 8

Section 23B Power-Down Modes [HD64F2636UF, HD6432636UF,

23B.1

23B.2

23B.3
23B.4

23B.5

23B.6

23B.7

HD64F2638UF, HD6432638UF, HD64F2638WF,
HD6432638WF, HD64F2639UF, HD6432639UF,

HDG64F2639WF, HDB432639WHF].....cccviiiiiiiiiiieieeeeeeeeeeeeeeeeeeiiianns 85¢
OVEBIVIBW ...ttt e e oottt ettt e e e e e e e e e e bbb be e e e eaaaeeeee s nn s annnnens 859
23B.1.1 Register CoNfiQUIratioN...........ceieiiuiiiiieiiiieee et 8
REQIStEr DESCHPHIONS .....cetveiiee ittt e e e 865.....
23B.2.1 Standby Control Register (SBYCR) ......uuuuiiiiiiieiiiiiiiiiiieieree e e e s senvvnneeeeee e 8¢
23B.2.2 System Clock Control Register (SCKCR)........cooociiiiieiiiiiee i, 8¢
23B.2.3 Low-Power Control Register (LPWRCR).......cccooiiiiiiiiiiiiieeeeeeeeeee 86
23B.2.4 Timer Control/Status Register (TCSR) .......ccuiiiiiiiiiiiee et 8’
23B.2.5 Module Stop Control Register (MSTPCR)......ccovcuiiiiiiiiiiieeeiieee e 87
Medium-SPEEd MOUE........coouiiiiie e T {
Y 1= o I8 o o [ PSP 8174.
] S I 1= 1= o Y/ o T [ U 8
23B.4.2 EXitiNg SIEEP MOAE ....cooiiiiiiiiii e 8
MOAUIE STOP MOUE ...ttt e e e e e e e e e e e e nneee 875.....
23B.5.1 MOdule StOP MOUE ..ottt 8
23B.5.2 USAQE NOES ....coiiiiiiiiiiiiiitri ettt e ettt e e e e et e e e e e e e s e €
Software Standby MOE............oooiiiiie e A {
23B.6.1 Software Standby MOAE............ccuuiiiiiiiie e 8
23B.6.2 Clearing Software Standby MOE..........ccooiiiiiiiiiiiiiiiiee e 8
23B.6.3 Setting Oscillation Stabilization Time after Clearing Software

StANADY MO ..o 8’

23B.6.4 Software Standby Mode Application Example .........ccccooviiieiiiiiiiiieeees 87

23B.6.5 USAQE NOIES .....ccc i it s s e s e e e e e e e e e e e e e e e et e e ee e e e e e e e rernnrnnnnnnanan €

Hardware Standby MOE ...........uuiiiiiiieii e e e e e {
XVII

HITACHI



23B.7.1 Hardware Standby MOE ...........uuuiiiiiiieiiiiiiiiee e 88

23B.7.2 Hardware Standby Mode TimiNg..........ccceeiiiiiiiiiiiiiieeeee e 88:
23B.8 Watch Mode (U-Mask, W-Mask Version ONlY) .........ccooiiiiiiiiiiiiiaaeeee e 881
23B.8.1 WaALCh MOGE.....cciiiiiieiiiiiitie ettt e e e e e e e e e e e e eneeees 88
23B.8.2 EXiting WatCh MO .......ouvviiiiiiiiiiii e 88:
23B.8.3  INOTES .oiiiiiei ittt e et e e e e a e e e e e e e e s e 8¢
23B.9 Sub-Sleep Mode (U-Mask, W-Mask Version ONlY) ......cccccceeveeeeeiiiiiiiiiiiieeeeeee e 88:
23B.9.1 SUD-SIEEPD MOUE... ... 8¢
23B.9.2 EXiting SUD-SIEEP MO ......ociiiiiiiieiiit e 88
23B.10 Sub-Active Mode (U-Mask, W-Mask Version ONlY) .........cccceeiniiireeniiiinee e 884
23B.10.1 SUD-ACHVE MOUE......uuiiiiieeee ittt e e s e ee e e e e e e e e s e s rreaeeeeeesanns 88:
23B.10.2 EXiting SUD-ACHVE MOUE ......uviieiieee e e e 884
23B.11 Direct Transitions (U-Mask, W-Mask Version Only)..........ccccccveeeeeieeeeeiiiiiciiiieeeeeeeenn, 885
23B.11.1 Overview Of DireCt TranSItioNS ...........eeeiiiieeiiiniiiiiiiiieee e 885
23B.12 g Clock Output Disabling FUNCLON .........ccoiuiiiiiiiiiiiie e 88
23B.13 USAJE NOTES .. ..ttt e e e e e et e e e e e e s 887
Section 24 Electrical CharacCteriStiCS .........ceeeeeeiiiiiiieeeiiiceeee e e e e e, 8¢
24.1 HB8S/2636 Series Electrical CharaCteriStiCS.........oivuuviieiiiiiiee e 8
24.1.1 Absolute Maximum RAINGS .........uueeeiiiiiiiiiiiiiiee et 88
24.1.2 Power Supply Voltage and Operating Frequency Range ..........ccccoeveevviiiereeennnnn 8¢
D B B T O @ o T= 1= o) (= ] [ PR 8¢
I e O O 4 - = Lox 1= 1] 103 PSR 8¢
24.1.5 A/D Conversion CharacCteriStiCS ..........cuurereiiuiiiieriiiiieeeiniieee e sieeee e e seeeeee s sneeeen 90
24.1.6 D/A Conversion CharacCteriStCS .........ivuueireiiiuriiieeiiiiieeessiieeeessiereeesssseeeeessseeeen 90
24.1.7 Flash Memory CharacteriStiCS .........cuuiiiiiiiiiiiiiiiiiie e C
24.2 HB8S/2638 Series Electrical CharaCteristiCS..........ccoooviiiiiiiiiieeeeerr e 9
24.2.1 Absolute Maximum RAINGS ........eeiiiiiiiiieeiiiiee et 90
24.2.2 Power Supply Voltage and Operating Frequency Range ..........ccoccceeeevvviieeeeennnn 9(
24.2.3 DC CharaCteriSHICS ....eeeeiiutiiieeeiitiiiee e s stieee ettt e e e sttt e e s st e e e s s sbbae e e e s snbeeeeeesarbneeeaaas A
24.2. 4 AC CharaCleriStCS . ..uuviiiiiiiiiiiie i ettt e st e e s st e e e e e e e s e nnbaeeeeeennees 91
24.2.5 A/D Conversion CharacteriStiCS .........cuuuiiiiiiiiiiiiiiiieeie et 91
24.2.6 D/A Conversion CharacCteriStiCS ..........cooiiiiiiiiiiiiieerrrr e 92
24.2.7 Flash Memory CharacCteriStiCS .......cccuiuuriiieiiiiiiieeiiiiiee ettt 92
24.3 HB8S/2639 Series Electrical CharaCteriStiCS. ... .uuuuiiiiieeiiiiiiiiiiieiire e s s e e e e e e enees 9
24.3.1 Absolute MaxXimum RatiNgS .........uuueiiiieieeiiiiiiiiiieire e e e e e e ssssrrrreeer e e e e e e e e e s nnnneen 92
24.3.2 Power Supply Voltage and Operating Frequency Range ..........cccccoeeevvvvvveeneeneenn 9z
24.3.3 DC CharaCteriSHCS ....cciiiieiiiiiiiitie ettt e e e r e e e e e e e e e e e neeeeees 9z
24.3.4 AC CharaCteriStiCS ....coieiiii i i e e e e e e e e e e e e e e e e e e e e e e e eeeeaaaraaanes 93
24.3.5 A/D Conversion CharacteriStiCS .........uuuieeiiiiiiiiiiiiieiiee e e e 93
24.3.6 D/A Conversion CharacteriStiCS ........uuuiueeiiiiiiiiiiiiiieieee e s e e e e e 93
24.3.7 Flash Memory CharacteriStiCS ........uuuiiieieiiiiiiiiiiiiir e e e 93
24.4  OPEration TIMING ....cuuuveeeeeeeeeeeeiieiiitrrrrereeeeeeasesssssarraaerereeaeeesasssstasrrreeeeeeaesessannnms 941.

XViii

HITACHI



T @ T Tor G I T2 211 o U PUERPRR 9.

24.4.2 Control SigNal TIMING ....eeueeeeeiieeeee e e e e e e e 9«

24.4.3 BUS TIMING coeiiiiiiiiiiiete ettt e e e e e e e e e ettt e e e e e e e e e e s e e annnbeebeeeaaaaeaeaaeannns 9

24.4.4 On-Chip Supporting Module TimMiNg.........eveeeiiiiieeiii e 94
24.5 USAQE NOTE.... .ttt ettt e e e e e s e s s e e et e e e e e e s e s s mnenneeeee e 950
AppendiX AINSITUCTION SeL.......uuuiiiiiiie e 9
AL INSTIUCHION LIST....eeiiiiiiiiiiii et e e 951
A2 INSIIUCHION COUEBS ...ttt e ettt e e e e e e e e e s abe e e e e eaaaaeeesammmmns 975.
A.3 Operation CoUE MaP.......cuueiiieiitiiee ettt e e 990.....
A.4  Number of States Required for Instruction EXeCULioN ...........ccccceeeviiiiiiiiiniiieeiiniieee e 9
A.5 Bus States During INStruction EXECULION .........ccvviieeiiiiiiiiiiieiieecce e e e e 1(
A.6  Condition Code MOIfICALION .........eieiiiiieiiiie e e 10
Appendix B Internal 1/O ReQISTEN..........uuuuiiiiiiiieee e 1C
B.L  AQAIESS ...ttt et e e e e e e e e e et e e e e e e e e e s s e— 1028
2 2 U o] 1T 1 OSSPSR 1050
Appendix C /0O Port Block Diagrams............coeuuuuiuiiiiiiiiieieeeeeeeeeeeeeeeevesvvs 13
C.1  PoOrt 1 BIOCK DIiQramS .......ccoeiiiiiiiiiiieiteeee e e ettt e e e e e e e et e e e e e e e e e e e aanneees 1313.....
C.2  PoOrt 3 BIOCK DIiagramsS ......cceeeiiiiiiiiiiiie e et e e ettt et e e e e e e s st eeeaaaeeeeeeannneees 13149.....
C.3  POrt 4 BlOCK DIQIam ........eeeieiiiiiiieiiiiiiee ettt 1325.....
C.4  POrt 9 BIOCK DIgram ........eeeieiiiiiiieiiiiiiie ettt e e 1326.....
(O ST =0 o 47N =10 Tox [ 1 =T | r= o 1SR 1327....
C.6  PoOrt B BIOCK DiagramM........ccceiiiiiiiiiiiieieeee e e e cetre e e e e e e e e e s st re e e e e e e e e e s e e ennns 1331...
C.7  POrt C BlOCK DIagram.......cccuuuiiiiiiiiieeeeee ettt e et e e e e e e e e e eeees 1332....
C.8  POrt D BIOCK DIaQram.....cccceaeeiiiiiiiiiiieeit e e e e e ettt e e e e e e e e s s ae e e eeaaaaeeeaeannns 1333...
C.9  POTIt E BIOCK DIBOIAIM.......uiiiieiiiiiiiee ettt ettt 1334.....
C.10 POrt F BlOCK DIiagramsS........cceiiiuiiiieiiiiiiee ettt ettt ettt ettt e e e nieeee e 1335....
C.11 Port G BIOCK Diagram......ccceieieeeiiiiiiiiiieieeee e e e e s s s s r e e e e e e e e s s s snnnrnnaeereaaeeea e e e 1341....
C.12 Port I BIOCK Diagram ........ccccuiiiiiiiieee e e e ciiteeee et e e e e e e s s s e e e e e e e e e e s e s s nnnneeees s 1342...
APPENTIX DPIN STALES... .ot e e e e e e e e e eeeeeeees 1
D.1 Port States iN EACh MOUE ......ooviiiiieiie e 343...... 1

Appendix E Timing of Transition to and Recovery from Hardware

Standby MOUE ..o e 13

Appendix F Product Code LINEUP .......coeiiiiiiiiiiiiiiiiiieie e 1<

Appendix GPackage DIMENSIONS ........coooiiiiiiiiiiiiiiii e 1
XiX

HITACHI



XX

HITACHI



Section 1 Overview

1.1 Overview

The H8S/2636 and H8S/2638 and H8S/2639 are microcomputers (MCUs: microcomputer units)
built around the H8S/2600 CPU, employing Hitachi's proprietary architecture, and equipped witt
peripheral functions on-chip.

The H8S/2600 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/30C
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include data transfer controller
(DTC) bus masters, ROM and RAM memory, al6-bit timer-pulse unit (TPU), programmable
pulse generator (PPG), motor control PWM timer (PWM) watchdog timer (WDT), serial
communication interface (SCI), A/D converter, D/A converter, Hitachi controller area network
(HCAN) and I/O ports. An’C bus interface (lIC) is available as an option in the H8S/2638 and
H8S/2639.

On-chip ROM is available as 128-kbyte and 256-kbyte flash memory (F-ZTAT ™* version), and
as 128-kbyte and 256-kbyte mask ROM. ROM is connected to the CPU via a 16-bit data bus,
enabling both byte and word data to be accessed in one state. Instruction fetching has been
speeded up, and processing speed increased.

Four operating modes, modes 4 to 7, are provided, and there is a choice of single-chip mode or
external expansion mode.

Subclock (32 kHz oscillation) functions are available in the U-mask and W-mask versions only.
These functions cannot be used with the other versions.

The features of the H8S/2636, H8S/2638 and H8S/2639 are shown in table 1-1.

Note: * F-ZTAT™ is a trademark of Hitachi, Ltd.
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Table 1-1  Overview

Item

Specification

CPU

General-register machine

0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers
or eight 32-bit registers)

High-speed operation suitable for realtime control
O Maximum clock rate: 20 MHz
O High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 50 ns

16 x 16-bit register-register multiply :200 ns
16 x 16 + 42-bit multiply and accumulate : 200 ns
32 + 16-bit register-register divide 11000 ns

Instruction set suitable for high-speed operation

O Sixty-nine basic instructions

8/16/32-bit move/arithmetic and logic instructions
Unsigned/signed multiply and divide instructions
Multiply-and accumulate instruction

Powerful bit-manipulation instructions

CPU operating modes

0 Advanced mode: 16-Mbyte address space

I

Bus controller

Address space divided into 8 areas, with bus specifications settable
independently for each area

Choice of 8-bit or 16-bit access space for each area

2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Direct connection to burst ROM supported

PC break controller

Supports debugging functions by means of PC break interrupts
Two break channels

Data transfer
controller (DTC)

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation
source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer on-chip
Pulse 1/O processing capability for up to 16 pins'
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 8-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible
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Item

Specification

Watchdog timer
(WDT) 2 channels

Watchdog timer or interval timer selectable
Operation using sub-clock supported (WDT1 only)*

Motor control
PWM timer
(PWM)

3

Maximum of 16 10-bit PWM outputs

Eight outpus with two channels each built in

Duty settable between 0% and 100%

Automatic transfer of buffer register data supported
Settable to any one of 5 operating speeds

Serial communica-
tion interface (SCI)
3 channels

(SCI0 to SCI2)

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

Hitachi controller
area network
(HCAN) 2 channels

CAN: Ver. 2.0B compliant
Buffer size: 15 transmit/receive messages, transmit only one message
Filtering of receive messages

A/D converter

Resolution: 10 bits
Input: 12 channels

High-speed conversion: 13.3 ps minimum conversion time
(at 20 MHz operation)

Single or scan mode selectable
Sample and hold circuit
A/D conversion can be activated by external trigger or timer trigger

D/A converter

Resolution: 8 bits
Output: 2 channels

1/O ports

72 1/0 pins, 12 input-only pins

Memory

Flash memory or mask ROM
High-speed static RAM

Product Name ROM RAM
H8S/2636 128 kbytes 4 kbytes
H8S/2638 256 kbytes 16 kbytes
H8S/2639

Interrupt controller

Seven external interrupt pins (NMI, IRQO to IRQ5)
49 internal interrupt sources
Eight priority levels settable

Power-down states

Medium-speed mode

Sleep mode

Module-stop mode

Software standby mode

Hardware standby mode

Sub-clock operation* (sub-active mode, sub-sleep mode, watch mode)

HITACHI



Item

Specification

Operating modes

Four MCU operating modes

External Data

CPU
Bus
Operating On-Chip Initial  Maxim
Mode Mode Description ROM Value um
Value
4 Advanced On-chip ROM disabled Disabled 16 bits 16 hits
expansion mode
5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled Enabled 8 bits 16 hits
expansion mode
7 Single-chip mode Enabled — —

Clock pulse
generator

e On-chip PLL circuit (x1, x2, x4)
» Input clock frequency: 4 to 20 MHz

I°C bus interface
(lIC) x2 channel

+ Conforms to the I°C bus interface type advocated by Philips
* Single master mode/slave mode

(Option) » Possible to determine arbitration lost conditions
(Only for the » Supports two slave addresses

H8S/2638 and

H8S/2639)

Packages » 128-pin plastic QFP (FP-128B)

4
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Item

Specification

Product lineup

Model Name

Subclock
Mask ROM F-ZTAT Version (32 kHz ROM/
Version Oscillation) I1°C bus RAM Pack-
Functions interface (Bytes) ages
HD6432636F* HD64F2636F No O 128 kI FP-
HD6432636UF* HDBA4F2636UF  Yes 0 4k 1288
(U-Mask Version) (U-Mask Version)
HD6432638F* HD64F2638F No No 256 k/
HD6432638UF* HD64F2638UF Yes No 16 k
(U-Mask Version) (U-Mask Version)
HD6432638WF* HD64F2638WF Yes Yes
(W-Mask Version) (W-Mask Version)
HD6432639UF* HD64F2639UF Yes No
(U-Mask Version) (U-Mask Version)
HD6432639WF* HD64F2639WF Yes Yes

(W-Mask Version)

(W-Mask Version)

Note: * Under planning

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are not available in
the HD64F2636F and HD64F2638F, but are available in the HD64F2636UF and
HD64F2638UF (U-mask version).
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1.2

Internal Block Diagram

Figure 1-1 (a) shows an internal block diagram of the H8S/2636.
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P11/PO9/TIOCBO/A21

P12/PO10/T!
P13/PO11/Tl
P14/PO12/Tl
P15/PO13/Tl
P16/PO14/Tl
P17/PO15/Tl

Notes: *1 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in the U-mask version.
These functions cannot be used with the other versions.
See section 22A.7, Subclock Oscillator, for the method of fixing pins OSC1 and OSC2.
*2 The FWE pin only applies to the flash memory version.

Figure 1-1 (a) Internal Block Diagram of H8S/2636
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Figure 1-1 (b) shows an internal block diagram of the H8S/2638 and H8S/2639.
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Notes: *1 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in the U-mask and W-mask versions.
These functions cannot be used with the other versions.
See section 22A.7, Subclock Oscillator, for the method of fixing pins OSC1 and OSC2.
The H8S/2639 has no OSC1 and OSC2 pins.
*2 These pins are used for the I12C bus interface.
The 12C bus interface is available as an option in the H8S/2638 and H8S/2639.
*3 The FWE pin is for compatibility with the flash memory version.

Figure 1-1 (b) Internal Block Diagram of H8S/2638 and H8S/2639
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1.3 Pin Description

13.1 Pin Arrangement

Figure 1-2 shows the pin arrangement of the H8S/2636, Figure 1-3 shows the pin arrangement o

the H8S/2638, and Figure 1-4 shows the pin arrangement of the H8S/2639.
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Notes: *1 Connect a 0.1 UF capacitor between VCL and VSS (close to the pins). 64F2636F20
*2 Subclock functions (subactive mode, subsleep mode, and watch mode) are H8S/2636
available in the U-mask version.
These functions cannot be used with the other versions. INDEx —| O JAPAN
See section 22A.7, Subclock Oscillator, for the method of fixing pins
OSC1 and OSC2. U mask version
*3 The FWE pin is for compatibility with the flash memory version.
INDEX— O JAPAN

Figure 1-2 Pin Arrangement of HD64F2636F (FP-128B: Top View)
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Notes: *1 Connect a 0.1 UF capacitor between VCL and VSS (close to the pins). 64F2638F20
*2 Subclock functions (subactive mode, subsleep mode, and watch mode) are H8S/2638
available in the U-mask and W-mask versions.
These functions cannot be used with the other versions. INDEX— O JAPAN
See section 22A.7, Subclock Oscillator, for the method of fixing pins
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) (U-Mask Version)
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*3 The FWE pin is for compatibility with the flash memory version.
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Figure 1-3 Pin Arrangement of H8S/2638 Series (FP-128B: Top View)

HITACHI




RN E!
<2 3
o o asg o
Y|~ X|o XX
383880 yg s I3
T == IR i (¢}
S553881% g &
Sogd
83885483 EEE
EEEEEE2E 2092
s¥adaskl Jd958 oo
A A A A A DD 1) o XX [alal
2500000000 &~ 2 % oORK0 =9
.8 ,08E228QaqiepyT 4 6, 2,0_K2EE2,,CE
BB T Pk 850008078-35[8833548858
><Z>TTIToooonno0aamiw>X>>>>Z2Z0o>0Zacocon>>00
NO0O0000N00000000000000000000O0000O000000
§E8885883 805038088 YR 3R R CRIRNTRB858
P40/ANO 103~ &J PWMVSS
P41/ANL  Cl104 630 PI7/PWM2H
P42/AN2  Ci05 620 PJB/IPWM2G
P43/AN3  C106 610 PJS/PWM2F
P44/AN4  CJ107 600 PJA/PWM2E
P45/ANS 108 50 PwMvCC
P46/AN6/DAO  CJ109 58[1 PJ3/PWM2D
P47/AN7/DAL CJ110 570 PJ2/PWM2C
POO/ANS  C]ui1 5[0 PJI/PWM2B
POL/ANO  [Cjt12 S50 PIJO/PWM2A
P92/AN10 113 5[ PWMVSS
P93/AN1L 114 53[0 PH7/PWM1H
Avss Ous 5200 PH6/PWM1G
MDO 116 TOP VIEW 510 PHS/PWM1F
mp1 7 (FP-128B) 500 PH4/PWM1E
mMD2 []us 9 PwMvCC
PFOIRQ2 [Cu19 83 PH3/PWM1D
PB7/A15/TIOCBS [CJ120 473 PH2/PWM1C
PB6/AL4/TIOCAS [Cjt21 4% PHL/PWM1B
PBS/AL3/TIOCB4 [J122 450 PHO/PWM1A
PB4/A12/TIOCA4 [J123 “[d PWMVSS
PB3/ALL/TIOCD3 124 @0 vss
PB2/A10/TIOCC3 [C]125 #[ PF3LWR/ADTRG/IRQ3
PBL/A9/TIOCB3  []126 413 PF4/HWR
vss gt 4 PF5/RD
PBO/AB/TIOCA3  []128 [ PF6/AS
CNO T er 0o NN NgNR AR dNRIRENRRBANBIBSEES
0822300822335 7 H8888358888888%3258
> SEEpb8B38008ceasana o Lol ndde” "&s
I5®gaacaaaaca00000an a4 aaacaaaoca T
<z 2 aooooo .
558 (U-Mask Version)
<2
aa
Notes: *1 Connect a 0.1 yF capacitor between VCL and VSS (close to the pins). 64F2639F20
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Figure 1-4 Pin Arrangement H8S/2639 Series (FP-128B: Top View)

HITACHI




1.3.2 Pin Functions in Each Operating Mode

Table 1-2 shows the pin functions of the H8S/2636, H8S/2638 in each of the operating modes.

Table 1-2  Pin Functions in Each Operating Mode

Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
1 VCC VCC VCC VCC
2 VCC VCC VvCC VCC
3 NC NC NC NC
4 NC NC NC NC
5 Al6 Al16 PAO0/A16 PAO
6 Al7 Al7 PA1/A17/TxD2 PA1/TxD2
7 A18 A18 PA2/A18/RxD2 PA2/RxD2
8 A19 A19 PA3/A19/SCK2 PA3/SCK2
9 A7 A7 PC7/A7 PC7
10 A6 A6 PC6/A6 PC6
11 A5 A5 PC5/A5 PC5
12 A4 A4 PC4/A4 PC4
13 A3 A3 PC3/A3 PC3
14 A2 A2 PC2/A2 PC2
15 Al Al PC1/A1 PC1
16 A0 A0 PCO/A0 PCO
17 D15 D15 D15 PD7
18 D14 D14 D14 PD6
19 D13 D13 D13 PD5
20 D12 D12 D12 PD4
21 D11 D11 D11 PD3
22 D10 D10 D10 PD2
23 D9 D9 D9 PD1
24 VCC VCC VCC VCC
25 D8 D8 D8 PDO
26 VSS VSS VSS VSS

11
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Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
27 D7 PE7/D7 PE7/D7 PE7
28 D6 PE6/D6 PE6/D6 PE6
29 D5 PES5/D5 PE5/D5 PE5
30 D4 PE4/D4 PE4/D4 PE4
31 D3 PE3/D3 PE3/D3 PE3
32 D2 PE2/D2 PE2/D2 PE2
33 D1 PE1/D1 PE1/D1 PE1
34 DO PEO/DO PEO/DO PEO
35 VSS VSS VSS VSS
36 VSS VSS VSS VSS
37 HRxD1 HRxD1 HRxD1 HRxD1
38 HTxD1 HTxD1 HTxD1 HTxD1
39 AS AS AS PF6
40 RD RD RD PF5
41 HWR HWR HWR PF4
42 LWR PF3/LWR PF3/LWR PF3 /ADTRG/IRQ3

/ADTRG/IRQ3 /ADTRG/IRQ3

43 VSS VSS VSS VSS
44 PWMVSS PWMVSS PWMVSS PWMVSS
45 PHO/PWM1A PHO/PWM1A PHO/PWM1A PHO/PWM1A
46 PH1/PWM1B PH1/PWM1B PH1/PWM1B PH1/PWM1B
47 PH2/PWM1C PH2/PWM1C PH2/PWM1C PH2/PWM1C
48 PH3/PWM1D PH3/PWM1D PH3/PWM1D PH3/PWM1D
49 PWMVCC PWMVCC PWMVCC PWMVCC
50 PH4/PWM1E PH4/PWM1E PH4/PWM1E PH4/PWM1E
51 PH5/PWM1F PH5/PWM1F PH5/PWM1F PH5/PWM1F
52 PH6/PWM1G PH6/PWM1G PH6/PWM1G PH6/PWM1G
53 PH7/PWM1H PH7/PWM1H PH7/PWM1H PH7/PWM1H
54 PWMVSS PWMVSS PWMVSS PWMVSS
55 PJO/PWM2A PJO/PWM2A PJO/PWM2A PJO/PWM2A
56 PJ1/PWM2B PJ1/PWM2B PJ1/PWM2B PJ1/PWM2B
12
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

57 PJ2/PWM2C PJ2/PWM2C PJ2/PWM2C PJ2/PWM2C

58 PJ3/PWM2D PJ3/PWM2D PJ3/PWM2D PJ3/PWM2D

59 PWMVCC PWMVCC PWMVCC PWMVCC

60 PJ4/PWM2E PJ4/PWM2E PJ4/PWM2E PJ4/PWM2E

61 PJ5/PWM2F PJ5/PWM2F PJ5/PWM2F PJ5/PWM2F

62 PJ6/PWM2G PJ6/PWM2G PJ6/IPWM2G PJ6/PWM2G

63 PJ7/PWM2H PJ7/PWM2H PJ7/PWM2H PJ7/PWM2H

64 PWMVSS PWMVSS PWMVSS PWMVSS

65 P30/TxDO P30/TxD0 P30/TxD0 P30/TxD0O

66 P31/RxD0O P31/RxDO P31/RxDO P31/RxD0

67 VSS VSS VSS VSS

68 VSS VSS VSS VSS

69 P32/SCKO/SDA1*?/ P32/SCK0/SDA1*?/ P32/SCKO/SDA1*?/ P32/SCKO/SDA1*?/
IRQ4 IRQ4 IRQ4 IRQ4

70 P33/TxD1/SCL1*? P33/TxD1/SCL1*2 P33/TxD1/SCL1*? P33/TxD1/SCL1*?2

71 P34/RxD1/SDAOQ*2 P34/RxD1/SDAOQ*2 P34/RxD1/SDAOQ*? P34/RxD1/SDA0*?

72 P35/SCK1/SCLO*?/ P35/SCK1/SCLO*?/ P35/SCK1/SCLO*¥/ P35/SCK1/SCLO*?%/
IRQ5 IRQ5 IRQ5 IRQ5

73 RES RES RES RES

74 NMI NMI NMI NMI

75 PLLCAP PLLCAP PLLCAP PLLCAP

76 VSS VSS VSS VSS

77 PLLVSS PLLVSS PLLVSS PLLVSS

78 osca+*t osc2*t osc2x*t osc2x*t

79 OscC1*t OSC1*! 0OSC1*! OscC1*t

80 VCC VCC VCC VCC

81 VCC VCC VvCC VCC

82 VCL VCL VCL VCL

83 XTAL XTAL XTAL XTAL

84 VSS VSS VSS VSS

85 EXTAL EXTAL EXTAL EXTAL

86 FWE FWE FWE FWE

HITACHI
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

87 STBY STBY STBY STBY

88 PF7/a PF7/g PF7/g PF7/a

89 A20 A20 P10/PO8/TIOCA0/A20 P10/POS8/TIOCAO

90 P11/PO9/TIOCBO/A21 P11/PO9/TIOCB0/A21 P11/PO9/TIOCBO/A21 P11/PO9/TIOCBO

91 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

92 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

93 P14/PO12/TIOCAL/ P14/PO12/TIOCA1/ P14/PO12/TIOCA1/ P14/PO12/TIOCAL/
IRQO IRQO IRQO IRQO

94 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

95 P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/
IRQ1 IRQ1 IRQ1 IRQ1

96 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
TCLKD TCLKD TCLKD TCLKD

97 HTxDO HTXDO HTxDO HTxDO

98 HRxDO HRxDO HRxDO HRxDO

99 VSS VSS VSS VSS

100 NC NC NC NC

101 AVCC AVCC AVCC AVCC

102 Vref Vref Vref Vref

103 P40/ANO P40/ANO P40/ANO P40/ANO

104 P41/AN1 P41/AN1 P41/AN1 P41/AN1

105 P42/AN2 P42/AN2 P42/AN2 P42/AN2

106 P43/AN3 P43/AN3 P43/AN3 P43/AN3

107 P44/AN4 P44/AN4 P44/AN4 P44/AN4

108 P45/AN5 P45/ANS P45/AN5 P45/AN5

109 P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO

110 P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DA1

111 P90/AN8 P90/AN8 P90/AN8 P90/AN8

112 P91/AN9 P91/AN9 P91/AN9 P91/AN9
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Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
115 AVSS AVSS AVSS AVSS
116 MDO MDO MDO MDO
117 MD1 MD1 MD1 MD1
118 MD2 MD2 MD2 MD2
119 PFO/IRQ2 PFO/IRQ2 PFO/IRQ2 PFO/IRQ2
120 Al5 Al5 PB7/A15/TIOCB5 PB7/TIOCB5
121 Al4 Al4 PB6/A14/TIOCA5 PB6/TIOCA5
122 Al13 Al13 PB5/A13/TIOCB4 PB5/TIOCB4
123 Al12 Al12 PB4/A12/TIOCA4 PB4/TIOCA4
124 All All PB3/A11/TIOCD3 PB3/TIOCD3
125 A10 Al10 PB2/A10/TIOCC3 PB2/TIOCC3
126 A9 A9 PB1/A9/TIOCB3 PB1/TIOCB3
127 VSS VSS VSS VSS
128 A8 A8 PBO/AS/TIOCA3 PBO/TIOCA3

Notes: NC pins should be connected to VSS or left open.

*1 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
the U-mask and W-mask versions.

These functions cannot be used with the other versions.
See section 22A.7, Subclock Oscillator, for the method of fixing pins OSC1 and OSC2.
The H8S/2639 has no OSC1 and OSC2 pins.
*2 These pins are used for the I°C bus interface.
The 1°C bus interface (IIC) is available as an option in the H8S/2638 and H8S/2639.

HITACHI
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1.3.3 Pin Functions

Table 1-3 outlines the pin functions of the H8S/2636.

Table 1-3  Pin Functions

Type Symbol 1/0 Name and Function

Power VCC Input Power supply: For connection to the power supply.
All VCC pins should be connected to the system power
supply.

VSS Input Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

VCL Output  On-chip step-down power supply pin: The VCL pin
need not be connected to the power supply. Connect
this pin to VSS via a 0.1 pF capacitor (placed close to
the pins).

Clock PLLVSS Input PLL ground: Ground for on-chip PLL oscillator.

PLLCAP Input PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL Input Connects to a crystal oscillator.

See section 22AB, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.

EXTAL Input Connects to a crystal oscillator.

See section 22AB, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.

OscC1+! Input Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 22A, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.*

osc2*! Input Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 22A, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.*

%) Output  System clock: Supplies the system clock to an external
device.

HCAN HTxDO, Output HCAN transmit data. Pin for CAN bus transmission.

HTxD1

HRxDO, Input HCAN receive data. Pin for CAN bus reception.

HRxD1
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Type

Symbol

110

Name and Function

Operating mode MD2 to MDO

control

Input

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2636 is
operating.

MD2 MD1 MDO Operating Mode
0 0

Mode 4
Mode 5
Mode 6
Mode 7

[EnY
o
RO Ol | O|Fr|O

System control

Input

Reset input: When this pin is driven low, the chip is
reset.

STBY

Input

Standby: When this pin is driven low, a transition is
made to hardware standby mode.

FWE*?

Input

Flash write enable: Pin for flash memory use (in
planning stage).

Interrupts

NMI

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ5 to IRQO Input

Interrupt request 5 to 0: These pins request a
maskable interrupt.

Address bus

A23 to AO

Output

Address bus: These pins output an address.

Data bus

D15 to DO

110

Data bus: These pins constitute a bidirectional data
bus.
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Type Symbol 1/0 Name and Function
Bus control AS Output  Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

RD Output  Read: When this pin is low, it indicates that the
external address space can be read.

HWR Output  High write: A strobe signal that writes to external space
and indicates that the upper half (D15 to D8) of the
data bus is enabled.

LWR Output  Low write: A strobe signal that writes to external space
and indicates that the lower half (D7 to DO) of the data
bus is enabled.

16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, I/O Input capture/ output compare match AO to DO:

TIOCBO, The TGROA to TGROD input capture input or output

TIOCCO, compare output, or PWM output pins.

TIOCDO

TIOCAL, I/0 Input capture/ output compare match Al and B1:

TIOCB1 The TGR1A and TGR1B input capture input or output
compare output, or PWM output pins.

TIOCAZ2, I/O Input capture/ output compare match A2 and B2:

TIOCB2 The TGR2A and TGR2B input capture input or output
compare output, or PWM output pins.

TIOCAS, I/O Input capture/ output compare match A3 to D3:

TIOCB3, The TGR3A to TGR3D input capture input or output

TIOCCS, compare output, or PWM output pins.

TIOCD3

TIOCA4, I/O Input capture/output compare match A4 and B4:

TIOCB4 The TGR4A and TGR4B input capture input or output
compare output, or PWM output pins.

TIOCAS, I/0 Input capture/output compare match A5 and B5:

TIOCB5 The TGR5A and TGR5B input capture input or output

compare output, or PWM output pins.

Programmable PO15 to PO8 Output

pulse generator
(PPG)

Pulse output 15 to 8: Pulse output pins.
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Type Symbol I/O Name and Function

Serial TxD2, Output  Transmit data (channel 0, 1, 2): Data output pins.

communication  TxD1,

interface (SCI)/  TxDO

Smart Card RxD2, Input  Receive data (channel 0, 1, 2): Data input pins.

interface RxD1

RxDO

SCK2, 1/0 Serial clock (channel 0, 1, 2): Clock 1/O pins.

SCK1 ;

' The SCKO output type is NMOS push-pull.

SCKO puttyp p p

A/D converter AN11 to ANO Input Analog 11 to 0: Analog input pins.

ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.

D/A converter DA1, DAO Output  Analog output: Analog output pins for D/A converter.

A/D converter, AVCC Input A/D converter and D/A converter power supply pin

D/A converter When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

AVSS Input Ground pin for A/D converter and D/A converter
Connect to system power supply (0 V).

Vref Input A/D converter and D/A converter reference voltage
input pin
When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

1/0O ports P17to P10 1/O Port 1: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 1 data
direction register (P1DDR).

P35to P30 1/O Port 3: A 6-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40  Input Port 4: An 8-bit input port.

P93to P90  Input Port 9: A 4-bit input port.

PA3to PAO 1/O Port A: A 4-bit I/O port. Input or output can be

designated for each bit by means of the port A data
direction register (PADDR).
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Type Symbol 1/0 Name and Function

1/0 ports PB7to PBO 1/O Port B: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port B data
direction register (PBDDR).

PC7to PCO 1/O Port C: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

PD7to PDO 1/O Port D: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port D data
direction register (PDDDR).

PE7to PEO 1/O Port E: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7 to PF3, 1/O Port F: A 6-bit 1/0O port. Input or output can be

PFO designated for each bit by means of the port F data
direction register (PFDDR).

PH7 to PHO 1/O Port H: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port B data
direction register (PHDDR).

PJ7 to PJO I/O Port J: An 8-bit I/0O port. Input or output can be
designated for each bit by means of the port J data
direction register (PJDDR).

Motor control PWM1A to Output  PWM output: Motor control PWM channel 1 output pins
PWM PWM1H

PWM2A to Output PWM output: Motor control PWM channel 2 output pins

PWM2H

PWMVCC Input PWM Power Supply: Power supply pin for motor-
control PWM.

Connect to the system power supply (+5 V) when the
motor-control function is not used.

PWMVSS Input PWM Ground: Ground pin for motor-control PWM.
Connect to the system power supply (0 V).

I°C bus interface  SCLO, SCL1 1/0 I°C clock input/output (Channel 0/1): 1°C clock

(lne) input/output pins that have bus-driving capability. The
(Option) output of SCLO is an NMOS open-drain type.

(Only for the SDAO, SDA1 I/O I°C data input/output (Channel 0/1): 1°C data
H8S/2638) input/output pins that have bus-driving capability. The

output of SDAO is an NMOS open-drain type.

Note: *1 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
the U-mask and W-mask versions.

These functions cannot be used with the other versions.
See section 22A.7, Subclock Oscillator, for the method of fixing pins OSC1 and OSC2.
The H8S/2639 has no OSC1 and OSC2 pins.

*2 The FWE pin is functional only in the flash memory version. In the mask ROM version,

the FWE pin must be left open.
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1.4 Differences between H8S/2636, H8S/2638, and H8S/2639

There are four versions of the H8S/2636, including ROM and U-mask options; there are six four
versions of the H8S/2638, including ROM, U-mask, and W-mask options; and there are four
versions of the H8S/2639, including ROM, U-mask, and W-mask options.

The specifications of these products are compared in Table 1-4 below.

Table 1.4  Comparison of Product Specifications

Product type H8S/2636 H8S/2638
H8S/2636 H8S/2636 H8S/2638 H8S/2638 H8S/2638
U-Mask Version U-Mask version W-Mask Version
Model HD64F |HD643 | HD64F |HD6432 | HD64F |HD6432|HD64F |HD6432 |HD64F |HD6432
2636F |2636F* | 2636UF | 636UF* | 2638F |638F* |2638UF |638UF* |2638WF | 638WF*
Product 128 kB {128 kB | On-chip | 128 kB | 256 kB | 256 kB |256 kB | 256 kB |256 kB | 256 kB

specifications | on-chip |[mask | flash mask |on-chip |mask |on-chip [mask |on-chip | mask
flash |ROM |memory | ROM |flash ROM |flash ROM |flash ROM

memory| Subclock memory memory memory
function Subclock Subclock
function function
12C bus
interface
RAM size 4 kbytes 16 kbytes
ROM size 128 kbytes 256 kbytes
Flash memory | See section 21A, ROM. See section 21B, ROM.
I2C bus — See section 15,
interface I°C Bus Interface
Power-down | See section 23A, Power-Down See section 23B, Power-Down Modes
modes Modes
Electrical See section 24, Electrical See section 24, Electrical Characteristics

characteristics | Characteristics

Note: * Under planning
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Section 2 CPU

2.1 Overview

The H8S/2600 CPU is a high-speed central processing unit with an internal 32-bit architecture tl
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2600 CPU has sixteen 16-
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

2.1.1 Features

The H8S/2600 CPU has the following features.

L]

Upward-compatible with H8/300 and H8/300H CPUs
0 Can execute H8/300 and H8/300H object programs

General-register architecture

O Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)

Sixty-nine basic instructions

0 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions

0 Powerful bit-manipulation instructions

O Multiply-and-accumulate instruction

Eight addressing modes

Register direct [Rn]

Register indirect [@ERN]

Register indirect with displacement [@(d:16,ERnN) or @(d:32,ERN)]
Register indirect with post-increment or pre-decrement [@ERN+ or @—ERN]
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]

OoOooogooao

16-Mbyte address space
O Program: 16 Mbytes
0 Data: 16 Mbytes (4 Gbytes architecturally)
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e High-speed operation

O All frequently-used instructions execute in one or two states
0 Maximum clock rate : 20 MHz

O 8/16/32-bit register-register add/subtract : 50 ns

O 8 x 8-bit register-register multiply : 150 ns

0 16 + 8-bit register-register divide : 600 ns

O 16 x 16-bit register-register multiply : 200 ns

O 32 + 16-bit register-register divide : 1000 ns

» Two CPU operating modes
O Normal mode*
0 Advanced mode

Note: * Not available in the H8S/2636.

» Power-down state
O Transition to power-down state by SLEEP instruction
O CPU clock speed selection

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

» Register configuration
The MAC register is supported only by the H8S/2600 CPU.
» Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

* Number of execution states

The number of execution states of the MULXU and MULXS instructions is different in each
CPU.

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
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In addition, there are differences in address space, CCR and EXR register functions, power-dov
modes, etc., depending on the model.

2.1.3 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2600 CPU has the following enhancements.

* More general registers and control registers

O Eight 16-bit expanded registers, and one 8-bit and two 32-bit control registers, have been
added.

¢ Expanded address space
O Normal mode* supports the same 64-kbyte address space as the H8/300 CPU.
0 Advanced mode supports a maximum 16-Mbyte address space.

Note: * Not available in the H8S/2636.

¢ Enhanced addressing

0 The addressing modes have been enhanced to make effective use of the 16-Mbyte addre
space.

* Enhanced instructions

Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.

A multiply-and-accumulate instruction has been added.

Two-bit shift instructions have been added.

Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

O Ooooogod

e Higher speed
O Basic instructions execute twice as fast.

2.14 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2600 CPU has the following enhancements.

< Additional control register
0 One 8-bit and two 32-bit control registers have been added.

* Enhanced instructions
0 Addressing modes of bit-manipulation instructions have been enhanced.
O A multiply-and-accumulate instruction has been added.
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O Two-bit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
0O A test and set instruction has been added.

» Higher speed

0O Basic instructions execute twice as fast.

2.2 CPU Operating Modes

The H8S/2600 CPU has two operating modes: normal and advanced. Normal mode* supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total addres:
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for

program and data areas combined). The mode is selected by the mode pins of the microcontrolle

Note: * Not available in the H8S/2636 and H8S/2638.

Maximum 64 kbytes, program
*
Normal mode and data areas combined

CPU operating modes }7

Maximum 16-Mbytes for

—{ Advanced mode | program and data areas
combined

Note: * Not available in the H8S/2636 and H8S/2638.

Figure 2-1 CPU Operating Modes
(1) Normal Mode (Not Available in the H8S/2636 and H8S/2638)
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space A maximum address space of 64 kbytes can be accessed.

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 En is used as a 16-bit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If t
general register is referenced in the register indirect addressing mode with pre-decrement (@—RI
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.
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Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.

Exception Vector Table and Memory Indirect Branch Addressesin normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch address is stored per 1
bits (figure 2-2). The exception vector table differs depending on the microcontroller. For details
of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001
H'0002 |
H'0003
H'0004 |
H'0005 | (Reserved for system use) - .
H'0006 Exception

Ho0007 | 17 vector table
H'0008
H'0009
H'000A
H'000B

Reset exception vector

Exception vector 1

Exception vector 2

O

Figure 2-2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JIMP and JSR instructions us
an 8-bit 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 1
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'OOFF. Nof
that this area is also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onta
the stack in exception handling, they are stored as shown in figure 2-3. When EXR is invalid, it is
not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \_/\

SP—~| PC B SP— EXR"L
(16 bits) - Reserved"%"3
(SP—) CCR
\/\ CCR*3
- - PC - =
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure 2-3 Stack Structure in Normal Mode
(2) Advanced Mode

Address Spacelinear access is provided to a 16-Mbyte maximum address space (architecturally
a maximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

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 or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Table and Memory Indirect Branch Addressesin advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each
bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 2-4)
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved h
Reset exception vector
H'00000003
H00000004 | | Reserved |
H'00000007 | o
H'00000008
"1 » Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | ]
H'00000010 | Reserved |
o Exception vector 1 o

Figure 2-4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JIMP and JSR instructions us
an 8-bit 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, provid
a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is regarded &
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that tt
first part of this range is also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in
subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 2-5. When
EXR is invalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

SP— EXR"1
Sp— Reserved Reserved 1”3
”””””””””””””””””””” (SP 2 CCR
PC
Lo (24 bits) I L PC .
(24 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure 2-5 Stack Structure in Advanced Mode
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2.3 Address Space

Figure 2-6 shows a memory map of the H8S/2600 CPU. The H8S/2600 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
HFFFF Program area
H'00FFFFFF
Data area
Cannot be
used by the
H8S/2636 and
H8S/2638
H'FFFFFFFF
(&) Normal Mode * (b) Advanced Mode
Note: * Not available in the H8S/2636 and H8S/2638.

Figure 2-6 Memory Map
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2.4 Register Configuration

24.1 Overview

The CPU has the internal registers shown in figure 2-7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0

| PC |

76543210
EXR |T|—|—|—[-[12]i1]i0]

76543210
ccr [ 1ulH|u|N]z]v|c]

63 41 32
MAC Sign extension MACH
MACL

31 0
Legend
SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit MAC:  Multiply-accumulate register

ul: User bit or interrupt mask bit*

Note: * Cannot be used as an interrupt mask bit in the H8S/2636 and H8S/2638.

Figure 2-7 CPU Registers
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24.2 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike ant
can be used as both address registers and data registers. When a general register is used as a
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are |
as 32-bit registers or address registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and F
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) an
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2-8 illustrates the usage of the general registers. The usage of each register can be sele
independently.

« Address registers

» 32-bit registers ¢ 16-bit registers * 8-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)

Figure 2-8 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-9 shows the
stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure 2-9 Stack

2.4.3 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC).

(1) Program Counter (PC): This 24-bit counter indicates the address of the next instruction the
CPU will execute. The length of all CPU instructions is 2 bytes (one word), so the least significan
PC bit is ignored. (When an instruction is fetched, the least significant PC bit is regarded as 0.)

(2) Extended Control Register (EXR):This 8-bit register contains the trace bit (T) and three
interrupt mask bits (12 to 10).

Bit 7—Trace Bit (T): Selects trace mode. When this bit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, a trace exception is generated each time an instruction is
executed.

Bits 6 to 3—ReservedThese bits are reserved. They are always read as 1.
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Bits 2 to O—Interrupt Mask Bits (12 to 10): These bhits designate the interrupt mask level (0 to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR):This 8-bit register contains internal CPU status
information, including an interrupt mask bit (I) and half-carry (H), negative (N), zero (2),
overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details, refer to section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): 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
setto 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUBL.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 O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, anc
XORC instructions.

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at other
times.

Bit 0—Carry Flag (C): Setto 1 when a carry occurs, and cleared to 0 otherwise. Used by:

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

The carry flag is also used as a bit accumulator by bit manipulation instructions.
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Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, List of Instructions.

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.

(4) Multiply-Accumulate Register (MAC): This 64-bit register stores the results of multiply-
and-accumulate operations. It consists of two 32-bit registers denoted MACH and MACL. The
lower 10 bits of MACH are valid; the upper bits are a sign extension.

2.4.4 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV.L instruction executed immediately
after a reset.
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2.5 Data Formats
The CPU can process 1-bit, 4-bit (BCD), 8-bit (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-b
BCD data.

25.1 General Register Data Formats

Figure 2-10 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data RnH 7 0
716]s|4]3[2]1[o]  Dontcare |
1-bit data rRo..
| Dontcare |7]6[5]4]3]2[1]0]
4-bit BCD data RnH 7 43 o
| Upper | Lower |  Dontcare |
4-bit BCD data rRo.. 7 43 0
. Dontcare | Upper | Lower |
Byte data RnH 7 o
: | Don't care '
MSB s T
Byte data rRo. 7 0
: Don't care | :
""""""""""" MSB LSB

Figure 2-10 General Register Data Formats
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Data Type Register Number  Data Format

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

Figure 2-10

38

General Register Data Formats (cont)

HITACHI




25.2 Memory Data Formats

Figure 2-11 shows the data formats in memory. The CPU can access word data and longword c
in 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 significa
bit of the address is regarded as 0, so the access starts at the preceding address. This also app
instruction fetches.

Data Type Data Format
Address /\/
1-bit data AddressL| 7|6 | 5|4 |3 |21
Byte data AddressL |MSB: @ i 1 i|SB
Word data Address 2M |MsB;
Address 2M + 1 ELSB
Longword data Address 2N [MSB: ¢+ 1 r
Address2N+1| 1 1
Address 2N + 2
Address 2N + 3 R

Figure 2-11 Memory Data Formats

When ERY7 is used as an address register to access the stack, the operand size should be word
or longword size.
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2.6 Instruction Set

2.6.1 Overview

The H8S/2600 CPU has 69 types of instructions. The instructions are classified by function in
table 2-1.

Table 2-1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*', PUSH** WL
LDM*®, STM*® L
MOVFPE*?, MOVTPE*? B
Arithmetic ADD, SUB, CMP, NEG BWL 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —
Block data transfer EEPMOV — 1

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 ERNn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.

*2 Bcc is the general name for conditional branch instructions.

*3 Not available in the H8S/2636 and H8S/2638.

*4 Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
*5 Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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2.6.2 Instructions and Addressing Modes

Table 2-2 indicates the combinations of instructions and addressing modes that the H8S/2600 C
can use.

Table 2-2  Combinations of Instructions and Addressing Modes
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2.6.3 Table of Instructions Classified by Function

Table 2-3 summarizes the instructions in each functional category. The notation used in table 2-
is defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*
ERn General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand
(EAS) Source operand
EXR Extended control register
CCR Condition-code register
N (negative) flag in CCR
z Z (zero) flag in CCR
V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#IMM Immediate data
disp Displacement
+ Addition
- Subtraction
X Multiplication
+ Division
g Logical AND
O Logical OR
O 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).
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Table 2-3

Instructions Classified by Function

Type Instruction Size *'  Function
Data transfer 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 the H8S/2636 and H8S/2638.
MOVTPE B Cannot be used in the H8S/2636 and H8S/2638.
POP W/L @SP+ - Rn
Pops a 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 W/L Rn - @-SP
Pushes a 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.
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Type Instruction ~ Size *'  Function
Arithmetic ADD B/W/L Rd+Rs - Rd, Rdz*#MM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd+Rs+C - Rd, Rd+#MM+C - Rd
SUBX Performs addition or subtraction with carry or borrow on
byte data in two general registers, or on immediate data
and data in a general register.
INC BWL Rd+1 - Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
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 the CCR to produce 4-bit
BCD data.
MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bhits - 16 bits or 16 bits x
16 bits - 32 bits.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits - 32 bits.
DIVXU B/W Rd +Rs - Rd

Performs unsigned 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.
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Type Instruction Size *'  Function
Arithmetic DIVXS B/W Rd+Rs - Rd
operations 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 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-hit 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.
MAC — (EAs) x (EAd) + MAC — MAC
Performs signed multiplication on memory contents and
adds the result to the multiply-accumulate register. The
following operations can be performed:
16 bits x 16 bits + 32 bits - 32 bits, saturating
16 bits x 16 bits + 42 bits — 42 bits, non-saturating
CLRMAC — 0 - MAC
Clears the multiply-accumulate register to zero.
LDMAC L Rs - MAC, MAC - Rd
STMAC Transfers data between a general register and a
multiply-accumulate register.
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Type Instruction Size *'  Function
Logic AND B/W/L RdORs - Rd, RdO#MM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/IL RdORs - Rd, RdO#MM - 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 of general register
contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L Rd (rotate) - Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.
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Type Instruction

Size **!

Function

Bit- BSET
manipulation
instructions

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

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

= (<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

= (<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

BIAND

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

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

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

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

BIOR

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

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

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

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.
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Type Instruction ~ Size *'  Function
Bit- BXOR B C U (<bit-No.> of <EAd>) - C
manipulation Exclusive-ORs the carry flag with a specified bit in a
instructions general register or memory operand and stores the
result in the carry flag.
BIXOR B C O - [ (<bit-No.> of <EAd>)] - C
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.
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Type Instruction Size *'  Function
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cOz=0
BLS Low or same coz=1
BCC(BHS) Carry clear Cc=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONO V) =0
BLE Less or equal ZONO 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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Type

Instruction

Size **

Function

System control TRAPA

instructions

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 source 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 8 hits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

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

ANDC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.
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Type Instruction Size *'  Function

Block data EEPMOV.B — if R4L # 0 then
transfer Repeat @ER5+ —~ @ERG6+
instruction R4L-1 - R4L
UntiiR4L =0
else next;
EEPMOV.W — if R4 # 0 then
Repeat @ER5+ —~ @ERG6+
R4-1 - R4
UntiiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERS6.

R4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Notes: *1 Size refers to the operand size.

B: Byte
wW:  Word
L: Longword

*2 Only registers ERO to ER6 should be used when using the STM/LDM instruction.
*3 Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

2.6.4 Basic Instruction Formats

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

(1) 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
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifies a general register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

(3) Effective Address ExtensionEight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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Figure 2-12 shows examples of instruction formats.

(1) Operation field only

op

(2) Operation field and register fields

op

m

m

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

op

m

m

EA (disp)

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

op

cC

EA (disp)

NOP, RTS, etc.

ADD.B Rn, Rm, etc.

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

BRA d:16, etc

Figure 2-12

HITACHI

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

2.7.1 Addressing Mode

The CPU supports the eight addressing modes listed in table 2-4. Each instruction uses a subset
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-coun
relative and memory indirect. Bit manipulation instructions 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.

Table 2-4  Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
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

(1) Register Direct—Rn:The register field of the instruction specifies an 8-, 16-, or 32-bit

general register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specifie
as 32-bit registers.

(2) Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand on memory. If the address is a progran
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00

(3) Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)A 16-bit or 32-bit
displacement contained in the instruction is added to an address register (ERn) 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.
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(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn;

« Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn) which contains t
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the addr
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

¢ Register indirect with pre-decrement—@-ERn

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register fie|
in the instruction code, and the result becomes the address of a memory operand. The resul
also stored in the address register. The value subtracted is 1 for byte access, 2 for word tran
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:Jhe instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16
long (@aa:16), 24 bits long (@aa:24), or 32 bits long (@aa:32).

To access data, the absolute 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 all assumed to be 1 (H'FFFI
For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 2-5 indicates the accessible absolute address ranges.
Table 2-5 Absolute Address Access Ranges

Absolute Address Normal Mode * Advanced Mode
Data address 8 bits (@aa:8) H'FFOO0 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

Note: * Not available in the H8S/2636 and H8S/2638.
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(6) Immediate—#xx:8, #xx:16, or #xx:32The instruction contains 8-bit (#xx:8), 16-hit
(#xx:16), or 32-bit (#xx:32) immediate data as an operand.

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

(7) Program-Counter Relative—@(d:8, PC) or @(d:16, PC)This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended an
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this bran
address are valid; the upper 8 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 bytes (-63 to +64 words) or —32766 to +32768 bytes (16383 tc
+16384 words) from the branch instruction. The resulting value should be an even number.

(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. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to b
so the address range is 0 to 255 (H'0000 to H'OOFF in normal mode*, H'000000 to H'0O000FF in
advanced mode). In normal mode* the memory operand is a word operand and the branch addre
is 16 bits long. In advanced mode the memory operand is a longword operand, the first byte of
which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

Note: * Not available in the H8S/2636 and H8S/2638.
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Specified —~
by @aa:8

\_/\

Branch address

\_/_\

(a) Normal Mode *

Specified —
by @aa:8

Note: * Not available in the H8S/2636 and H8S/2638.

\_/_\

Reserved

Branch address

(b) Advanced Mode

Figure 2-13 Branch Address Specification in Memory Indirect Mode

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 instruction code to be fetch
at the address preceding the specified address. (For further information, see section 2.5.2, Men

Data Formats.)

2.7.2

Table 2-6 indicates how effective addresses are calculated in each addressing mode. In normal
mode* the upper 8 bits of the effective address are ignored in order to generate a 16-bit addres:s

Effective Address Calculation

Note: * Not available in the H8S/2636 and H8S/2638.
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Effective Address Calculation

Table 2.6
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2.8 Processing States

2.8.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2-14 shows a diagram of the
processing states. Figure 2-15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode

Power-down state Software standby

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
subactive mode, subsleep mode, and watch mode.
See sections 23A and 23B, Power-Down Modes, for details.

Figure 2-14 Processing States
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End of bus request

Bus request

Sleep mode

instruction
witl
SSBY =1

Reset state

Reset state *1 - . T Hardware standby mode*2

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 Apart from these states, there are also the watch mode, subactive mode, and the subsleep mode.
See section 23A, 23B, Power-Down States.

Figure 2-15 State Transitions

2.8.2 Reset State

When theRES goes low, all current processing stops and the CPU enters the reset state. In reset
state all interrupts are disenabled.

Reset exception handling starts whenRIES signal changes from low to high.

The reset state can also be entered by a watchdog timer overflow. For details, refer to section 12
Watchdog Timer.
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2.8.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to a reset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Types of Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 2-7
indicates the types of exception handling and their priority. Trap instruction exception handling i
always accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SYSCR.

Table 2-7  Exception Handling Types and Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence** exception-handling sequence

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence*? current exception-handling

sequence

Trap instruction When TRAPA instruction  Exception handling starts when
is executed a trap (TRAPA) instruction is

Low executed*?®

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception-handling is not
executed at the end of the RTE instruction.

*2 Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

*3 Trap instruction exception handling is always accepted, in the program execution state.
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(2) Reset Exception Handling

After theRES pin has gone low and the reset state has been enteredRBSigoes high again,

reset exception handling starts. The CPU enters the reset state WRES isdow. When reset
exception handling starts the CPU fetches a start address (vector) from the exception vector tabls
and starts program execution from that address. All interrupts, including NMI, are disabled during
reset exception handling and after it ends.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXI
is set to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of a trace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mo
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retains its value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace mode is not entered in interrupt control mode 0, regardless of the state of the T bit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack point
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2-16 shows the stack after exception handling ends.
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Normal mode*?

sp—

CCR

CCR™!

PC
(16 bits)

\\\‘_‘///////"\\\\

(a) Interrupt control mode O

Advanced mode

sp—

CCR

- _ PC I
. (24 bits) L

\\\\_d///////'“\\\

(c) Interrupt control mode 0

Notes: *1 Ignored when returning.
*2 Not available in the H8S/2636 and H8S/2638.

SP—~

\\\\_,///////—‘\\\

EXR

Reserved”?!

CCR

CCR™!

PC
(16 bits)

\\\\_ﬁ////////~“\\\

(b) Interrupt control mode 2

SP—

\\\‘__////////—\\\\

EXR
Reserved"?!
CCR

- - PC R
(24 bits)

\\\\_,///////—‘\\\

(d) Interrupt control mode 2

Figure 2-16 Stack Structure after Exception Handling (Examples)
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2.8.4 Program Execution State

In this state the CPU executes program instructions in sequence.

2.8.5 Bus-Released State

This is a state in which the bus has been released in response to a bus request from a bus maste
other than the CPU. While the bus is released, the CPU halts operations.

Bus masters other than the CPU is data transfer controller (DTC).

For further details, refer to section 7, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in whic
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode, and watch mode. There are al
three other power-down modes: medium-speed mode, module stop mode, and subactive mode.
medium-speed mode the CPU and other bus masters operate on a medium-speed clock. Module
stop mode permits halting of the operation of individual modules, other than the CPU. Subactive
mode, subsleep mode, and watch mode are power-down states using subclock input. For details
refer to section 23A, 23B, Power-Down State.

(1) Sleep ModeA transition to sleep mode is made if the SLEEP instruction is executed while
the software standby bit (SSBY) in the standby control register (SBYCR) is cleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents «
CPU registers are retained.

(2) Software Standby ModeA transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBYCR is set to 1, the LSON bit in LPWRCR is set
to 0, and the PSS bit in TCSR (WDT1) is set to 0. In software standby mode, the CPU and clock
halt and all MCU operations stop. As long as a specified voltage is supplied, the contents of CPU
registers and on-chip RAM are retained. The I/O ports also remain in their existing states.

(3) Hardware Standby Mode:A transition to hardware standby mode is made wheRTB&

pin goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop.
The on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip
RAM contents are retained.
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2.9 Basic Timing

29.1 Overview

The H8S/2600 CPU is driven by a system clock, denoted by the symbol @. The period from one
rising edge of g to the next is referred to as a "state." The memory cycle or bus cycle consists o
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

29.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte an
word transfer instruction. Figure 2-17 shows the on-chip memory access cycle. Figure 2-18 sho
the pin states.

Read ! !
access | 1
Internal data bus : ( Readdata )
. Internal write signal A\ \/
Write :
access ‘

N

Write data >—

Figure 2-17 On-Chip Memory Access Cycle
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68

Address bus Unchanged

AS High

RD High

FWR, LWR High

Data bus 3I-Iigh-impedance statei

Figure 2-18 Pin States during On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16 |
wide, depending on the particular internal 1/O register being accessed. Figure 2-19 shows the
access timing for the on-chip supporting modules. Figure 2-20 shows the pin states.

Bus cycle

Internal address bus

Address

Internal read signal A\

Read !

access ; / \
Internal data bus ; \ Read data >—
Internal write signal \ '/

Write :

access
Internal data bus ; < Write data >—

Figure 2-19 On-Chip Supporting Module Access Cycle
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Bus cycle

High-impedance state

Address bus | Unchgnged |
AS Hijgh
RD High
Data bus :

70

Figure 2-20

Pin States during On-Chip Supporting Module Access
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294 On-Chip HCAN Module Access Timing

On-chip HCAN module access is performed in four states. The data bus width is 16 bits. Wait
states can be inserted by means of a wait request from the HCAN. On-chip HCAN module acce
timing is shown in figures 2-21 and 2-22, and the pin states in figure 2-23.

Bus cycle

T1 T2 . T3 T4

. S N an N an N an N o

Internal address bus X ! Address

HCAN read signal N\

Internal data bus

Read

—C
—

HCAN write signal N !

Write

Internal data bus ————( | Write data

Figure 2-21 On-Chip HCAN Module Access Cycle (No Wait State)

! Bus cycle !
T T2 T3 Tw . Tw __ T4
Internal address bus X Address ><
HCAN read signal N\ L/
Read | | | | | | |
Internal data bus ‘ ( Read data »—
HCAN write signal \\ ; ; ; ! b 1
Write | | 1
Internal data bus — Write data —

Figure 2-22 On-Chip HCAN Module Access Cycle (Wait States Inserted)
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Bus cycle

Address bus | | Hz%ld
- o
Data bus High-impecjjance stat(je

Figure 2-23 Pin States in On-Chip HCAN Module Access
295 Port H and J Register Access Timing

Accesses to port H and J registers and the on-chip motor control PWM timer module are
performed in four states. The data bus width is 8 or 16 bits depending on the internal I/O register.

Access timing for port H and J registers and the on-chip motor control PWM timer module is
shown in figure 2-24, and the pin states are shown in figure 2-25.
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Bus cycle

_ T T2 L T3 o T4 N
o B U U A U B W
Internal address :
bus ! Address !
Read signal \ /
Read Internal data : : :
! ! S oo Anrn |
bus 3 i { ' Readdata |——
Write signal \ /
Write ‘
Internal data [ ! \Write data |
bus \ ; 1 :

Figure 2-24 Access Cycle for Ports H and J Registers and On-Chip Motor Control
PWM Timer Module

- Bus cycle o

_ T1 — T2 o T3 e T4 .
R W U e W W
Address bus Héld
Data bus High impedance

Figure 2-25 Pin States in Access to Ports H and J Registers and On-Chip Motor Control
PWM Timer Module
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2.9.6 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer
section 7, Bus Controller.

2.10 Usage Note

2.10.1 TAS Instruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Hitachi H8S and H8/300 series C/C++ compilers. If the TAS
instruction is used as a user-defined intrinsic function, ensure that only register ERO, ER1, ER4,
ERS5 is used.

2.10.2 STM/LDM Instructions

With STM and LDM instructions, register ER7 cannot be used as a register that can be saved
(STM) or restored (LDM) since it is the stack pointer.

The number of registers that can be saved (STM) or restored (LDM) by a single instruction is two
three, or four. The registers that can be used in these cases are as follows.

Two registers: ERO0-ER1, ER2-ER3, ER4-ER5
Three registers: ERO-ER2, ER4-ERG6
Four registers: ERO-ER3

The Hitachi H8S and H8/300 Series C/C++ compilers do not generate STM/LDM instructions tha
include ERY7.

2.10.3 Caution to observe when using bit manipulation instructions

The BSET, BCLR, BNOT, BST and BIST instructions read data in a unit of byte, then, after bit
manipulation, they write data in a unit of byte. Therefore, caution must be exercised when
executing any of these instructions for registers and ports that include write-only bits.

The BCLR instruction can be used to clear the flag of an internal I/O register to 0. In that case, if
is clearly known that the pertinent flag is set to 1 in an interrupt processing routine or other
processing, there is no need to read the flag in advance.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

The H8S/2636 and H8S/2638 have four operating modes (modes 4 to 7). These modes enable
selection of the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus
width setting, by setting the mode pins (MD2 to MDO).

Table 3-1 lists the MCU operating modes.

Table 3-1 MCU Operating Mode Selection

MCU CPU External Data Bus

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

0* 0 0 0 — — — — —

1* 1 —

2* 1 0

3 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits
expanded mode

5 1 8 bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits

expanded mode

7 1 Single-chip mode — —
Note: * Not available in the H8S/2636 and H8S/2638.

The CPU'’s architecture allows for 4 Gbytes of address space, but the chip actually accesses a
maximum of 16 Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and periphe
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After progr
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bu
controller setting. If 16-bit access is selected for any one area, 16-bit bus mode is set; if 8-hit
access is selected for all areas, 8-bit bus mode is set.

Note that the functions of each pin depend on the operating mode.
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The H8S/2636 and H8S/2638 can be used only in modes 4 to 7. This means that the mode pins
must be set to select one of these modes. Do not change the inputs at the mode pins during
operation.

3.1.2 Register Configuration

The H8S/2636 and H8S/2638 have a mode control register (MDCR) that indicates the inputs at tt
mode pins (MD2 to MDO0), and a system control register (SYSCR) that controls the operation of
the chip. Table 3-2 summarizes these registers.

Table 3-2 MCU Registers

Name Abbreviation R/W Initial Value Address *
Mode control register MDCR R Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDES
Pin function control register PFCR R/W H'0OD/H'00 H'FDEB

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

3.2.1 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 | MDS1 | MDSO

Initial value : 1 0 0 0 0 —* —* —*

R/W : — — — — — R R R

Note: * Determined by pins MD2 to MDO.
MDCR is an 8-bit read-only register that indicates the current operating mode of the chip.
Bit 7—Reserved:This bit is always read as 1 and cannot be modified.
Bits 6 to 3—ReservedThese bits are always read as 0 and cannot be modified.

Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSOY.hese bits indicate the input levels at pins

MD2 to MDO (the current operating mode). Bits MDS2 to MDSO correspond to MD2 to MDO.
MDS2 to MDSO are read-only bits, and they cannot be written to. The mode pin (MD2 to MDO)
input levels are latched into these bits when MDCR is read. These latches are cancelled by a res
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3.2.2 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
MACS — INTM1 | INTMO | NMIEG — — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W — — R/W

SYSCR is an 8-bit readable-writable register that selects saturating or non-saturating calculatior
for the MAC instruction, selects the interrupt control mode, selects the detected edge for NMI, a
enables or disenables on-chip RAM.

SYSCR is initialized to H'01 by a reset and in hardware standby mode. SYSCR is not initialized
software standby mode.

Bit 7—MAC Saturation (MACS): Selects either saturating or non-saturating calculation for the
MAC instruction.

Bit 7

MACS Description

0 Non-saturating calculation for MAC instruction (Initial value)
1 Saturating calculation for MAC instruction

Bit 6—Reserved:This bit is always read as 0 and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Control of interrupts by | bit (Initial value)

— Setting prohibited

1
1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited
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Bit 3—NMI Edge Select (NMIEG): Selects the valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bit 2— Reserved:Only 0 should be written to this bit.
Bit 1—Reserved:This bit is always read as 0 and cannot be modified.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset status is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC is used, the RAME bit must not be cleared to 0.

3.2.3 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
— — — — AE3 AE2 AE1l AEO

Initial value : 0 0 0 0 1/0 1/0 0 1/0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable-writeable register that performs address output control in extension
modes involving ROM.

PFCR is initialized to H'OD/H'00 by a reset and in the hardware standby mode.
Bits 7 to 4— ReservedOnly 0 should be written to these bits.

Bits 3 to 0—Address Output Enable 3 to 0 (AE3—AEOQ)These bits select enabling or disabling

of address outputs A8 to A23 in ROMless expanded mode and modes with ROM. When a pin is
enabled for address output, the address is output regardless of the corresponding DDR setting.
When a pin is disabled for address output, it becomes an output port when the corresponding DC
bit is set to 1.
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Bit 3 Bit 2 Bit 1 Bit O
AE3 AE2 AE1l AEO Description
0 0 0 0 A8-A23 address output disabled (Initial value*)
A8 address output enabled; A9—A23 address output disabled
1 0 A8, A9 address output enabled; A10-A23 address output
disabled
1 A8-A10 address output enabled; A11-A23 address output
disabled
1 0 0 A8-A11 address output enabled; A12—-A23 address output
disabled
1 A8-A12 address output enabled; A13—-A23 address output
disabled
1 0 A8-A13 address output enabled; A14-A23 address output
disabled
1 A8-A14 address output enabled; A15-A23 address output
disabled
1 0 0 0 A8-A15 address output enabled; A16—A23 address output
disabled
1 A8-A16 address output enabled; A17-A23 address output
disabled
1 0 A8-A17 address output enabled; A18—-A23 address output
disabled
1 A8-A18 address output enabled; A19-A23 address output
disabled
1 0 0 A8-A19 address output enabled; A20-A23 address output
disabled
1 A8-A20 address output enabled; A21-A23 address output
disabled (Initial value*)
1 0 A8-A21 address output enabled; A22, A23 address output
disabled
1 A8-A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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3.3 Operating Mode Descriptions

331 Mode 4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disable

Ports A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. However, note that if ¢
bit access is designated by the bus controller for all areas, the bus mode switches to 8 bits.

3.3.2 Mode 5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disable

Ports A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

3.3.3 Mode 6

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enable

Ports A, B, and C, function as input port pins immediately after a reset. Address output can be
performed by setting the corresponding DDR (data direction register) bits to 1.

Port D functions as a data bus, and part of port F carries bus control signals.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

3.34 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enable
but external addresses cannot be accessed.

All I/O ports are available for use as input-output ports.
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3.4 Pin Functions in Each Operating Mode

The pin functions of ports A to F vary depending on the operating mode. Table 3-3 shows their
functions in each operating mode.

Table 3-3  Pin Functions in Each Mode

Port Mode 4 Mode 5 Mode 6 Mode 7
Port A A A P*/A P
Port B A A P*/A P
Port C A A P*/A P
Port D D D D P
Port E P/D* P*/D P*/D P
Port F PF7 P/C* P/C* p/C* P*/C
PF6 to PF4 C C C P
PF3, PF2 p/C* P*/C P*/C
PFO P*/C P*/C P*/C
Legend
P: 1/O port
A: Address bus output
D: Data bus I/0
C: Control signals, clock I/O
*:  After reset

3.5 Address Map in Each Operating Mode
A address map of the H8S/2636 is shown in figure 3-1.
A address map of the H8S/2638 is shown in figure 3-2.
The address space is 16 Mbytes in modes 4 to 7 (advanced modes).

The address space is divided into eight areas for modes 4 to 7. For details, see section 7, Bus
Controller.
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Modes 4 and 5

(advanced expanded modes

Mode 6

(advanced expanded mode

)

with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000
External address On-chip ROM
space
H'O1FFFF
H‘OZOOOOEQ External address
H'FFAFFF H'FFAFFF space
H'FFB000 H'FFB000
Reserved area Reserved area
H'FFDFFF H'FFDFFF
H'FFE000 H'FFE000
On-chip RAM* On-chip RAM*
H'FFEFBF H'FFEFBF
HFFE'{E,Q Address space HFFE'{EE Address space
H'FFF800 H'FFF800
Internal I/O registers Internal 1/O registers
H'FFFF3F H'FFFF3F
H'FFFF40 H'FFFF40
H'FFFF5F | Address space H'FFFF5F | Address space
H'FFFF60 ] H'FFFF60 .
H'EEFFBE |Internal I/O registers H'EEEFBE | Internal I/O registers
H'FFFFCO e N H'FFFFCO e .
HEEFEEF On-chip RAM H'EEFEEF On-chip RAM
Note:

(advanced single-chip mode)

H'000000

H'01FFFF

H'FFEO00

HFFEFBF

H'FFF800

HFFFF3F

H'FFFF60
H'FFFFBF
H'FFFFCO
H'FFFFFF

* External addresses can be accessed by clearing th RAME bit in SYSCR to 0.

Mode 7

On-chip ROM

On-chip RAM

Internal I/O registers

Internal I/O registers

On-chip RAM
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Modes 4 and 5
(advanced expanded modes

Mode 6

(advanced expanded mode

with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000
External address On-chip ROM
space
H'03FFFF
H'04000052 External address -~
H'FFAFFF H'FFAFFF space
H'FFB000 H'FFB000
On-chip RAM* On-chip RAM*
H'FFEFBF H'FFEFBF
:FFE'{EE Address space :EEE;ES Address space
H'FFF800 H'FFF800
Internal I/O registers Internal 1/O registers
H'FFFF3F H'FFFF3F
H'FFFF40 H'FFFF40
H'FFFF5F | Address space H'FFFFSF | Address space
H'FFFF60 ] H'FFFF60 .
H'EEEEBE |Internal I/O registers H'EEEEBE | Internal 1/O registers
H'FFFFCO e N H'FFFFCO e .
H'EEFFEF On-chip RAM HEEFEEF On-chip RAM
Note: * External addresses can be accessed by clearing th RAME bit in SYSCR to 0.

Mode 7

(advanced single-chip mode)

H'000000

H'03FFFF

H'FFB000

H'FFEFBF

H'FFF800

HFFFF3F

H'FFFF60
H'FFFFBF
H'FFFFCO
HFFFFFF

On-chip ROM

On-chip RAM

Internal I/O registers

Internal I/O registers

On-chip RAM

Figure 3-2 Memory Map in Each Operating Mode in the H8S/2638 and H8S/2639
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83




84

HITACHI



Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Types and Priority

As table 4-1 indicates, exception handling may be caused by a reset, direct tréngisipn*
instruction, or interrupt. 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. Trap
instruction exceptions are accepted at all times, in the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending ¢
the interrupt control mode set by the INTMO and INTM1 bits of SYSCR.

Table 4-1  Exception Types and Priority

Priority  Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES
A pin, or when the watchdog overflows. The CPU enters the

reset state when the RES pin is low.

Trace** Starts when execution of the current instruction or exception
handling ends, if the trace (T) bitis setto 1

Direct transition** Starts when a direct transition occurs due to execution of a
SLEEP instruction.

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued*?

Low Trap instruction (TRAPA)*® Started by execution of a trap instruction (TRAPA)

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.
*2 Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.
*3 Trap instruction exception handling requests are accepted at all times in program
execution state.
*4 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in

the U-mask and W-mask versions only. These functions cannot be used with the other
versions.
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41.2 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as follow

1. The program counter (PC), condition code register (CCR), and extended register (EXR) are

pushed onto the stack.
2. The interrupt mask bits are updated. The T bit is cleared to 0.

3. A vector address corresponding to the exception source is generated, and program execution

starts from that address.

For a reset exception, steps 2 and 3 above are carried out.

41.3 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vector addresses are
assigned to different exception sources.

Table 4-2 lists the exception sources and their vector addresses.

Exception
sources

Reset

Trace

External interrupts: NMI, IRQ5 to IRQO

Internal interrupts: 49 (+3: Option) interrupt sources in
on-chip supporting modules

Interrupts

Trap instruction

86

Figure 4-1 Exception Sources
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Table 4-2  Exception Vector Table

Exception Source

Vector Number

Vector Address **

Advanced Mode

Reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007
2 H'0008 to H'000B

3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Direct Transition** 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

Reserved for system use 22 H'0058 to H'005B
23 H'005C to H'005F

Internal interrupt*? 24 H'0060 to H'0063

g ]
127 H'01FC to H'O1FF

Notes: *1 Lower 16 bits of the address.
*2 For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling

Vector Table.

*3 See 23B.11 Direct Transition for details on direct transition.
Subclock functions are available in the U-mask and W-mask versions of the H8S/2636,
H8S/2638, and H8S/2639 only.
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4.2 Reset

42.1 Overview
A reset has the highest exception priority.

When theRES pin goes low, all current operations are stopped, and this LSI enters reset state. A
reset initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after a reset, interrupt control mode 0 is set.

When theRES pin goes from low to high, reset exception handling starts.

The H8S/2636 can also be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

42.2 Reset Sequence
This LSI enters reset state when RES pin goes low.

To ensure that this LSI is reset, hold RieS pin low for at least 20 ms at power-up. To reset
during operation, hold thRES pin low for at least 20 states.

When theRES pin goes high after being held low for the necessary time, this LSI starts reset
exception handling as follows.

1. The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bit is cleared to 0 in EXR, and the I bit is set to 1 in EXR and CCR.

2. The reset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4-2 and 4-3 show examples of the reset sequence.
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Vector Internal  Prefetch of first program
fetch processing instruction

S|

3
m
(2]

Internal >< (1) >< (3

address bus

Internal read
signal

|
‘
1
Internal write |
signal |
‘
‘
|
‘
‘
‘
‘

Internal data
bus

(1) (3) Reset exception handling vector address (when power-on reset, (1) = H'000000,
(3) = H'000002)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Figure 4-2 Reset Sequence (Modes 6 and 7)
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Vector Internal Prefetch of first program
fetch processing  instruction

=
s
:
5

3
L

Address bus 1) >< @) ! ><
o 1 [T ] B
AWR, LWR i High |
D15 to DO ) \ (@) © |

(1) (3) Reset exception handling vector address (when reset, (1) = H'000000,
(3) = H'000002)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure 4-3 Reset Sequence (Mode 4)

4.2.3 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt request
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).
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4.2.4 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCRA to MSTPCRD are initialized to H'3F, H'FF, H'FF, and

B'11**+** " respectively, and all modules except the DTC, enter module stop mode.
Consequently, on-chip supporting module registers cannot be read or written to. Register readir
and writing is enabled when module stop mode is exited.

Note: * The value of bits 5 to 0 is undefined.

4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. For details of interrupt control modes, see section *
Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs ol
completion of each instruction.

Trace mode is canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4-3 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retains its value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table 4-3  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
Legend
1: Settol

0: Clearedto 0
—: Retains value prior to execution.
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4.4 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ5 to IRQO) ar
49 internal sources in the on-chip supporting modules. Figure 4-4 classifies the interrupt sources
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit timer-pulse unit (TPU), serial communication interface (SCI), data transfer controller
(DTC), PC break controller (PBC), A/D converter, Hitachi controller area network (HCAN),
motor control PWM timer, andC bus interface (IIC). Each interrupt source has a separate vector
address.

NMI is the highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

External NMI (1)
interrupts IRQ5 to IRQO (6)

Interrupts WDT*L (2)

TPU (26)

SCI (12)

DTC (1)

Internal PBC (1)

interrupts | a/p converter (1)
Motor control PWM (2)
HCAN (4)

IIC*2 (4) [Option]

Notes: Numbers in parentheses are the numbers of interrupt sources.
*1 When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.
*2 12C bus interface is available as an option in the H8S/2638.

Figure 4-4 Interrupt Sources and Number of Interrupts
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4.5 Trap Instruction

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

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vect

number from 0 to 3, as specified in the instruction code.

Table 4-4 shows the status of CCR and EXR after execution of trap instruction exception

handling.

Table 4-4  Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend
1. Settol

0: Clearedto 0
—: Retains value prior to execution.

HITACHI
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4.6 Stack Status after Exception Handling

Figure 4-5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

SP —» EXR
Reserved*
SP —» CCR CCR
CCR* CCR*
PC PC
””””” (16 bits) | | (16 bits)
(a) Interrupt control mode 0 (b) Interrupt control mode 2
Note: * Ignored on return.

Figure 4-5 (1) Stack Status after Exception Handling (Normal Modes: Not Available in the
H8S/2636 and H8S/2638)

\/\ \/\

SP —» EXR
Reserved*
SP —» CCR CCR
ffffffff PC - - PCoe-
,,,,,,,, (24bits) -~ Lo _.__(24bits)._______]

\/\ \/\

(a) Interrupt control mode O (b) Interrupt control mode 2

Note: * Ignored on return.

Figure 4-5 (2) Stack Status after Exception Handling (Advanced Modes)
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4.7 Notes on Use of the Stack

When accessing word data or longword data, the chip assumes that the lowest address bit is 0.
stack should always be accessed by word transfer instruction or longword transfer instruction, a
the value of the stack pointer (SP, ER7) should always be kept even. Use the following
instructions to save registers:

PUSHW R1  (or MOV.WR1, @SP)
PUSHL ER  (or MV.L ER, @SP)

Use the following instructions to restore registers:

PCP.W R1  (or MOV.W@P+ Rn)
PCP.L ER  (or MOV.L @P+ ERY)

Setting SP to an odd value may lead to a malfunction. Figure 4-6 shows an example of what
happens when the SP value is odd.

CCR SP-» R1L H'FFFEFA
SP —» H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
SPw 1 1 [ ]
””””””””””””””””””””””””””” H'FFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
E— —

SP set to H'FFFEFF  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 the interrupt control mode
is 0, in advanced mode.

Figure 4-6 Operation when SP Value is Odd
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Section 5 Interrupt Controller

51 Overview

51.1 Features

The H8S/2636 and H8S/2638 control interrupts by means of an interrupt controller. The interrup
controller has the following features:

Two interrupt control modes

O Any of two interrupt control modes can be set by means of the INTM1 and INTMO bits in
the system control register (SYSCR).

Priorities settable with IPR

O An interrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI.

0 NMIl is assigned the highest priority level of 8, and can be accepted at all times.

Independent vector addresses

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

Seven external interrupts

O NMIl is the highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

O Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IR(
to IRQO.

DTC control
0 DTC activation is performed by means of interrupts.
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5.

A block diagram of the interrupt controller is shown in Figure 5-1.

1.2 Block Diagram

| INTM1 INTMO

SYSCR|

NMIEG ¢

NMI input

IRQ input

= NMI input unit

L | IRQ input unit
ISR

ISCR ﬁ Priority

determination

Internal interrupt

Interrupt
request

CPU

Vector
number

| CCR

12to 10

| EXR

request
SWDTEND to

RMO

Interrupt controller

Legend

ISCR :IRQ sense control register
IER 1 IRQ enable register

ISR : IRQ status register

IPR . Interrupt priority register

SYSCR : System control register

L
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Figure 5-1 Block Diagram of Interrupt Controller
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5.1.3 Pin Configuration

Table 5-1 summarizes the pins of the interrupt controller.

Table 5-1  Interrupt Controller Pins

Name

Symbol

/10 Function

Nonmaskable interrupt

Input

Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt
requests 5to 0

IRQ5 to IRQO Input

Maskable external interrupts; rising, falling, or

both edges, or level sensing, can be selected

5.14 Register Configuration

Table 5-2 summarizes the registers of the interrupt controller.

Table 5-2  Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address

System control register SYSCR R/W H'01 H'FDES
IRQ sense control register H ISCRH R/W H'00 H'FE12
IRQ sense control register L ISCRL R/W H'00 H'FE13
IRQ enable register IER R/W H'00 H'FE14
IRQ status register ISR RI(W)*? H'00 H'FE15
Interrupt priority register A IPRA R/W H77 H'FECO
Interrupt priority register B IPRB R/W H'77 H'FEC1
Interrupt priority register C IPRC R/W H77 H'FEC2
Interrupt priority register D IPRD R/W H'77 H'FEC3
Interrupt priority register E IPRE R/W H'77 H'FEC4
Interrupt priority register F IPRF R/W H'77 H'FEC5
Interrupt priority register G IPRG R/W H77 H'FEC6
Interrupt priority register H IPRH R/W H'77 H'FEC7
Interrupt priority register J IPRJ R/W H77 H'FEC9
Interrupt priority register K IPRK R/W H'77 H'FECA
Interrupt priority register L IPRL R/W H'77 H'FECB
Interrupt priority register M IPRM R/W H'77 H'FECC

Notes: *1 Lower 16 bits of the address.
*2 Can only be written with O for flag clearing.

HITACHI
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5.2 Register Descriptions

5.2.1 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
MACS — INTM1 | INTMO | NMIEG — — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Contro
Register (SYSCR).

SYSCR is initialized to H'01 by a reset and in hardware standby mode. SYSCR is not initialized i
software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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5.2.2 Interrupt Priority Registers A to H, Jto M (IPRA to IPRH, IPRJ to IPRM)

Bit : 7 6 5 4 3 2 1 0
— IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

Initial value : 0 1 1 1 0 1 1 1

R/W : — R/W R/W R/W — R/W R/W R/W

The IPR registers are twelve 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupts other than NMI.

The correspondence between IPR settings and interrupt sources is shown in table 5-3.
The IPR registers set a priority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by a reset and in hardware standby mode.
Bits 7 and 3—ReservedThese bits are always read as 0 and cannot be modified.

Table 5-3  Correspondence between Interrupt Sources and IPR Settings

Bits

Register 6to4 2t00
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC —x1 DTC
IPRD Watchdog timer 0 —t
IPRE PC break A/D converter, watchdog timer 1
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRJ —x1 SCI channel 0
IPRK SCl channel 1 SClI channel 2
IPRL —x1 IIC (Option)*?
IPRM PWM channel 1, 2 HCAN channel 0

HCAN channel 1

Notes: *1 Reserved. These bits are always read as 1 and cannot be modified.

*2 1°C bus interface is available as an option in the H8S/2638.
The IIC bit becomes reserved bit when this optional feature is not used.

101
HITACHI



As shown in table 5-3, multiple interrupts are assigned to one IPR. Setting a value in the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level 0, is assigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the IPR registers is selected. This interrupt level is then compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request is issued to
the CPU.

5.2.3 IRQ Enable Register (IER)

Bit : 7 6 5 4 3 2 1 0
— — IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ5 to IRQO.

IER is initialized to H'00 by a reset and in hardware standby mode.
Bits 7 and 6—ReservedThese bits are always read as 0, and should only be written with O.

Bits 5 to 0—IRQ5 to IRQO Enable (IRQ5E to IRQOE): These bhits select whether IRQ5 to
IRQO are enabled or disabled.

Bit n
IRQNE Description

0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled

(n=5t00)
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5.2.4

IRQ Sense Control Registers H and L (ISCRH, ISCRL)

ISCRH
Bit 15 14 13 12 11 10 9 8
— — — — IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
ISCRL
Bit : 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA| IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input atIRiQs to IRQO.

The ISCR registers are initialized to H'0000 by a reset and in hardware standby mode.

Bits 15 to 12—ReservedThese bits are always read as 0, and should only be written with 0.

Bits 11 to 0:IRQ5 Sense Control A and B (IRQ5SCA, IRQ5SCB) to IRQ0 Sense Control A and

B (IRQOSCA, IRQOSCB)

Bits 11to O
IRQ5SCB to IRQ5SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ5 to IRQO input low level
(initial value)
1 Interrupt request generated at falling edge of IRQ5 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ5 to IRQO input
1 Interrupt request generated at both falling and rising edges of

IRQ5 to IRQO input
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5.2.5 IRQ Status Register (ISR)

Bit : 7 6 5 4 3 2 1 0
— — IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQLF | IRQOF

Initial value : 0 0 0 0 0 0 0 0

R/W o RI(W)*  R/I(W)*  R/(W)* R/I(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only O can be written, to clear the flag.

ISR is an 8-hit readable/writable register that indicates the status of IRQ5 to IRQO interrupt
requests.

ISR is initialized to H'00 by a reset and in hardware standby mode.
They are not initialized in software standby mode.
Bits 7 and 6—ReservedThese bits are always read as 0.

Bits 5 to 0—IRQ5 to IRQO flags (IRQ5F to IRQOF): These bits indicate the status of IRQ5 to
IRQO interrupt requests.

Bit n
IRQNF  Description

0 [Clearing conditions] (Initial value)
e Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQnF flag
« When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high
« When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQNSCB =1 or IRQNSCA =1)

e When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTC is cleared to O

1 [Setting conditions]

«  When IRQn input goes low when low-level detection is set (IRQNSCB = IRQnNSCA =
0)

« When a falling edge occurs in IRQn input when falling edge detection is set
(IRQnSCB =0, IRQNSCA =1)

« When arising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA = 0)

* When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=51t00)
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ5 to IRQO) and internal interrupts (4
sources).

5.3.1 External Interrupts

There are seven external interrupts: NMI and IRQ5 to IRQO. Of these, NMI and IRQ5 to IRQO
can be used to restore the chip from software standby mode.

NMI Interrupt: NMI is the highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIE(
bit in SYSCR can be used to select whether an interrupt is requested at a rising edge or a falling
edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ5 to IRQO Interrupts: Interrupts IRQ5 to IRQO are requested by an input signal atR@s
to IRQO. Interrupts IRQ5 to IRQO have the following features:

* Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at PR35 to IRQO.

< Enabling or disabling of interrupt requests IRQ5 to IRQO can be selected with IER.

e The interrupt priority level can be set with IPR.

« The status of interrupt requests IRQ5 to IRQO is indicated in ISR. ISR flags can be cleared tc
by software.

A block diagram of interrupts IRQ5 to IRQO is shown in figure 5-2.

IRQNE

IRQNSCA, IRQNSCB
# IRQNF

}—m= IRQn interrupt
[> Edge/level "
detection circuit S Q request

IRQn input R

Clear signal

Note: n=5t00

Figure 5-2 Block Diagram of Interrupts IRQ5 to IRQO
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Figure 5-3 shows the timing of setting IRQnF.

IRQn
input pin \

IRQNF

Figure 5-3 Timing of Setting IRQnF
The vector numbers for IRQ5 to IRQO interrupt exception handling are 21 to 16.

Detection of IRQ5 to IRQO interrupts does not depend on whether the relevant pin has been set
input or output. However, when a pin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function.

5.3.2 Internal Interrupts

There are 49 sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are set to
for a particular interrupt source, an interrupt request is issued to the interrupt controller.

» The interrupt priority level can be set by means of IPR.

» The DTC can be activated by a TPU, SCI, or other interrupt request. When the DTC is
activated by an interrupt, the interrupt control mode and interrupt mask bits are not affected.

5.3.3 Interrupt Exception Handling Vector Table

Table 5-4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more
modules are set to the same priority, and priorities within a module, are fixed as shown in
table 5-4.
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Table 5-4  Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector
1
Origin of Address *
Interrupt Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAG to 4 A
IRQ1 17 H'0044 IPRA2 to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to 0
IRQ5 21 H'0054
Reserved for system use — 22 H'0058 —
23 H'005C
SWDTEND (software activation DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved for system use — 26 H'0068 —
PC break PC break 27 H'006C IPRES6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2t0 O
WOVI1 (interval timer) Watchdog 29 H'0074
timer 1
Reserved for system use — 30 H'0078 —
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved for system use — 37 H'0094 —
to to
39 H'009C Low
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Vector

Origin of Address **
Interrupt Vector Advanced

Interrupt Source Source Number  Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00A0 IPRF2t0 0 High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) a7 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2to 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00DO
Reserved for system use — 53 H'00D4 —

to to

55 H'00DC
TGI4A (TGR4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'00E4
capture/compare match)
TCIl4V (overflow 4) 58 H'O0ES8
TCI4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2 to 0
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'0O0F8
TCI5U (underflow 5) 63 H'00FC Low
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Vector

1
Origin of Address ™
Interrupt Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
Reserved for system use — 64 H'0100 — High
to to A
79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 0
RXIO0 (reception completed 0) channel0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channell 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2 to O
RXI2 (reception completed 2) channel2 89 H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C
Reserved for system use — 92 H'0170 —
to to
99 H'018C
IICIO (1-byte transmission/ lc 100 H'0190 IPRL2 to O
reception completed) channel 0
DDCSW!1 (format switch) (option)** 101 H'0194
lICI1 Ic 102 H'0198
Reserved for system use channel1l 103 H'019C
(option)*?
PWM1 PWM 104 H'01A0 IPRM6 to 4
channel 1
PWM2 PWM 105 H'01A4
channel 2
ERSO, OVRO, RM1, SLEO, HCAN1 106 H'01A8
RMO 107 H'01AC
ERSO, OVRO, RM1, SLEQ, HCANO 108 H'01B0O IPRM2 to O
RMO 109 H'01B4
Reserved for system use — 110 H'01B8 v
111 H'01BC Low
Notes: *1 Lower 16 bits of the start address.
*2 1IC is available as an option in the H8S/2638 and H8S/2639 only.
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54 Interrupt Operation

54.1 Interrupt Control Modes and Interrupt Operation
Interrupt operations in the chip differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to 0 disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5-5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bits in SYSCR, the priorities set in IPR, and the masking state indicated
by the | bit in the CPU’s CCR, and bits 12 to 10 in EXR.

Table 5-5  Interrupt Control Modes

SYSCR

Interrupt Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5-4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 |

L

Interrupt
acceptance
control

Interrupt source — ] Default.pno.nty [ > Vector number
determination

8-level
mask control

t 1

12to 10
IPR

Interrupt control mode 2

Figure 5-4 Block Diagram of Interrupt Control Operation
(1) Interrupt Acceptance Control
In interrupt control mode 0O, interrupt acceptance is controlled by the | bit in CCR.
Table 5-6 shows the interrupts selected in each interrupt control mode.
Table 5-6 Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode | Selected Interrupts
0 0 All interrupts

1 NMI interrupts
2 * All interrupts
Legend

* : Don't care

HITACHI
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(2) 8-Level Control

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interrupts in interrupt acceptance control according to the interrupt priority level (IPR).

The interrupt source selected is the interrupt with the highest priority level, and whose priority
level set in IPR is higher than the mask level.

Table 5-7  Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10).

(3) Default Priority Determination

When an interrupt is selected by 8-level control, its priority is determined and a vector number is
generated.

If the same value is set for IPR, acceptance of multiple interrupts is 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 a lower priority than the accepted interrupt source are held pending.
Table 5-8 shows operations and control signal functions in each interrupt control mode.

Table 5-8  Operations and Control Signal Functions in Each Interrupt Control Mode

Interrupt ' Interrupt Acceptance

Control Setting Control 8-Level Control Default Priority T
Mode INTM1 INTMO | I2to 10 IPR Determination (Trace)
0 0 0 O IM X — —x*2 O —
2 1 0 X —x1 O M PR O T
Legend

O : Interrupt operation control performed
X : No operation. (All interrupts enabled)
IM : Used as interrupt mask bit
PR : Sets priority.
— : Not used.
Notes: *1 Setto 1 when interrupt is accepted.
*2 Keep the initial setting.
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5.4.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the I bit in the CPU’s CCR. Interrupts are enabled when the | bit is cleared to 0, and
disabled when set to 1.

Figure 5-5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrt
request is sent to the interrupt controller.

[2] The I bit is then referenced. If the | bit is cleared to 0, the interrupt request is accepted. If the
bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held pendin

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according t
the priority system is accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of 1
current instruction has been completed.

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

[6] Next, the I bit in CCR is set to 1. This masks all interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handl
routine starts at the address indicated by the contents of that vector address.
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1

Program execution status

|

No
Interrupt generated?

Yes

Hold pending

| Save PC and CCR |

1

| |

1

| Read vector address |

1

|Branch to interrupt handling routine|

Figure 5-5 Flowchart of Procedure Up to Interrupt Acceptance in
Interrupt Control Mode 0

114
HITACHI




5.4.3 Interrupt Control Mode 2

Eight-level masking is implemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 5-6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrt
request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority a
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5-4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level s
in EXR. An interrupt request with a priority no higher than the mask level set at that time is
held pending, and only an interrupt request with a priority higher than the interrupt mask leve
is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of 1
current instruction has been completed.

[5] The PC, CCR, and EXR 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 fri
the interrupt handling routine.

[6] The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handl
routine starts at the address indicated by the contents of that vector address.
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Y
Program execution status |

Ty

|

nterrupt gm\'\lo

Yes

. N
Level 7 interrupt?

Yes

Mask level 5
or below?

/ \
| Save PC, CCR, and EXR | |Ho|d pending

' I

| Clear T bitto 0 |

/
| Update mask level |

1

| Read vector address |

|Branch to interrupt handling routine|

Y

Figure 5-6 Flowchart of Procedure Up to Interrupt Acceptance in
Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

5.4.4

Figure 5-7 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 ¢

in on-chip memory.
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Interrupt Exception Handling

Figure 5-7
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545 Interrupt Response Times

The chip is capable of fast word transfer instruction to on-chip memory, and the program area is
provided in on-chip ROM and the stack area in on-chip RAM, enabling high-speed processing.

Table 5-9 shows interrupt response times - the interval between generation of an interrupt reque:s
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5-9 are explained in table 5-10.

Table 5-9 Interrupt Response Times

Normal Mode *° Advanced Mode

No. Execution Status INTM1=0 INTM1=1 INTM1=0 INTM1=1
1 Interrupt priority determination** 3 3 3 3
2 Number of wait states until executing 1 to 1lto 1to 1to

instruction ends*? (19+2-S)  (19+2:S) (19+2-S)  (19+2-S)
3 PC, CCR, EXR stack save 2-Sy 3-S5 2-S¢ 3-S¢
4 Vector fetch S, S, 2-S, 2-S,
5 Instruction fetch*? 2-S, 2-S, 2:S, 2:S,
6 Internal processing** 2 2 2 2
Total (using on-chip memory) 11to 31 12 to 32 12 to 32 13to0 33

Notes: *1 Two states in case of internal interrupt.
*2 Refers to MULXS and DIVXS instructions.
*3 Prefetch after interrupt acceptance and interrupt handling routine prefetch.
*4 Internal processing after interrupt acceptance and internal processing after vector fetch.
*5 Not available in the H8S/2636 and H8S/2638.

Table 5-10 Number of States in Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation Sy

Legend
m: Number of wait states in an external device access.
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55 Usage Notes

55.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupts, the disabling becomes effectiv
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and 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 same also applies when an interrupt source flag is cleared to 0.

Figure 5-8 shows an example in which the TCIEV bit in the TPU’s TIER register is cleared to 0.

TIER write cycle by CPU TCFV exception handling

. -
| |

Internal

address bus TIER address ><

Internal
write signal

TCIEV

TCFV

TCRV
interrupt signal

Figure 5-8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.
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5.5.2 Instructions that Disable Interrupts

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

5.5.3 Times when Interrupts are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.

554 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPMOV.B instruction and the EEPMOV.W instruction.

With the EEPMOV.B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

5.5.5 IRQ Interrupts

When operating by clock input, acceptance of input tlR@pin is synchronized with the clock.
In software standby mode, the input is accepted asynchronously. For details on the input
conditions, see section 24.3.2, Control Signal Timing.
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5.6 DTC Activation by Interrupt

5.6.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

e Interrupt request to CPU
e Activation request to DTC
e Selection of a number of the above

For details of interrupt requests that can be used with to activate the DTC, see section 8, Data
Transfer Controller.

5.6.2 Block Diagram

Figure 5-9 shows a block diagram of the DTC interrupt controller.

| \
Interrupt DTC activation
request N — request vector
I Selection number
circuit
IRQ
interrupt ﬂs_eleclt
signal ] )
Clear signal Control logic DTG
_ Interrupt source DTCER _
On-chip clear signal Clear signal
supporting ; C—
module
DTVECR
SWDTE )
clear signal CPU interrupt
request vector
R number
Determination of CPU
priority I, 12 t0 10
Interrupt controller

Figure 5-9 Interrupt Control for DTC
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5.6.3 Operation
The interrupt controller has three main functions in DTC control.

(1) Selection of Interrupt Source:Interrupt factors are selected as DTC activation request or
CPU interrupt request by the DTCE bit of DTCERA to DTCERG of DTC.

By specifying the DISEL bit of the DTC’s MRB, it is possible to clear the DTCE bit to 0 after
DTC data transfer, and request a CPU interrupt.

If DTC carries out the designate number of data transfers and the transfer counter reads 0, after
DTC data transfer, the DTCE bit is also cleared to 0, and a CPU interrupt requested.

(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 8.3.3 DTC Vector Table
for the respective priority.

(3) Operation Order: If the same interrupt is selected as a DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5-11 shows the interrupt factor clear control and selection of interrupt factors by
specification of the DTCE bit of DTCERA to DTCERG of DTC, and the DISEL bit of DTC’s
MRB.

Table 5-11 Interrupt Source Selection and Clearing Control

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

O A

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.
X : The relevant bit cannot be used.
Don't care

*

(4) Notes on UseSClI and A/D converter interrupt sources are cleared when the DTC reads or
writes to the prescribed register.
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Section 6 PC Break Controller (PBC)

6.1 Overview

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged wil
the chip alone, without using an in-circuit emulator. Four break conditions can be set in the PBC
instruction fetch, data read, data write, and data read/write.

6.1.1 Features

The PC break controller has the following features:
* Two break channels (A and B)

* The following can be set as break compare conditions:

0 24 address bits

Bit masking possible
0 Bus cycle

Instruction fetch

Data access: data read, data write, data read/write
[0 Bus master

Either CPU or CPU/DTC can be selected

« The timing of PC break exception handling after the occurrence of a break condition is as
follows:

O Immediately before execution of the instruction fetched at the set address (instruction fetc

O Immediately after execution of the instruction that accesses data at the set address (data
access)

¢ Module stop mode can be set

O The initial setting is for PBC operation to be halted. Register access is enabled by clearin
module stop mode.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the PC break controller.

j: PC break

interrupt

BARA BCRA
°
<
@]
o
5
j=s
Mask control @
Comparator »- ClggtiEOI
Match signal
Internal address
Access
status Comparator - clggti[:m
Match signal S
<
o
o
Mask control ‘gs_
5
@]
BARB BCRB

Figure 6-1 Block Diagram of PC Break Controller
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6.1.3

Register Configuration

Table 6-1 shows the PC break controller registers.

Table 6-1 PC Break Controller Registers
Initial Value

Name Abbreviation R/W Reset Address
Break address register A BARA R/W H'XX000000 H'FEOO
Break address register B BARB R/W H'XX000000 H'FEO4
Break control register A BCRA R/(W)?  H'00 H'FEO8
Break control register B BCRB R/(W)?  HO00 H'FE09
Module stop control register C MSTPCRC R/W H'FF H'FDEA

Notes:

*1 Lower 16 bits of the address.

*2 Only a 0 may be written to this bit to clear the flag.

6.2

6.2.1

Bit 31

Register Descriptions

Break Address Register A (BARA)

24 23 22 21 20 19 18 17 16

BAA|BAA|BAA|BAA|BAA|BAABAA |BAA
23122|21|20|19) 18|17 | 16

BAA|BAA|BAA|BAA[BAA|BAA|BAA| BAA
7 6 51| 4 3 2 1 0

Initial value ynde- ...Unde- 0 0 0O O 0 0 0 O

fined
Read/Write  —

fined

— R/W R/W R/W R/W R/W RIWR/W R/W ...

0 0 0 0O 0 o0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

BARA is a 32-bit readable/writable register that specifies the channel A break address.

BAA23 to BAAQ are initialized to H'000000 by a reset and in hardware standby mode.

Bits 31 to 24—ReservedThese bits return an undefined value if read, and cannot be modified.

Bits 23 to 0—Break Address A23 to A0 (BAA23-BAAO)These bits hold the channel A PC

break address.
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6.2.2 Break Address Register B (BARB)
BARB is the channel B break address register. The bit configuration is the same as for BARA.
6.2.3 Break Control Register A (BCRA)

Bit 7 6 5 4 3 2 1 0
| cMrA | cDA [BaMRAZ|BAMRALBAMRAG CSELAL|CSELAO| BIEA |

Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)* R/W R/W R/W R/W R/W R/W R/W

Note:* Only a 0 may be written to this bit to clear the flag.

BCRA is an 8-bit readable/writable register that controls channel A PC breaks. BCRA (1) selects
the break condition bus master, (2) specifies bits subject to address comparison masking, and (3
specifies whether the break condition is applied to an instruction fetch or a data access. It also
contains a condition match flag.

BCRA is initialized to H'00 by a reset and in hardware standby mode.

Bit 7—Condition Match Flag A (CMFA): Set to 1 when a break condition set for channel A is
satisfied. This flag is not cleared to 0.

Bit 7
CMFA Description

0 [Clearing condition]
When 0 is written to CMFA after reading CMFA = 1 (Initial value)
1 [Setting condition]

When a condition set for channel A is satisfied

Bit 6—CPU Cycle/DTC Cycle Select A (CDA)Selects the channel A break condition bus
master.

Bit 6

CDA Description

0 PC break is performed when CPU is bus master (Initial value)
1 PC break is performed when CPU or DTC is bus master
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Bits 5 to 3—Break Address Mask Register A2 to A0 (BAMRA2-BAMRAO):These bits
specify which bits of the break address (BAA23-BAAOQ) set in BARA are to be masked.

Bit 5 Bit 4 Bit 3
BAMRA2 BAMRA1 BAMRAO Description
0 0 0 All BARA bits are unmasked and included in break conditions
(Initial value)
1 BAAO (lowest bit) is masked, and not included in break
conditions
1 0 BAA1-0 (lower 2 bits) are masked, and not included in break
conditions
1 BAA2-0 (lower 3 bits) are masked, and not included in break
conditions
1 0 0 BAA3-0 (lower 4 bits) are masked, and not included in break
conditions
1 BAA7-0 (lower 8 bits) are masked, and not included in break
conditions
1 0 BAA11-0 (lower 12 bits) are masked, and not included in break
conditions
1 BAA15-0 (lower 16 bits) are masked, and not included in break
conditions

Bits 2 and 1—Break Condition Select A (CSELAL, CSELAO)These bits selection an
instruction fetch, data read, data write, or data read/write cycle as the channel A break conditior

Bit 2 Bit 1
CSELA1 CSELAO Description

0 0 Instruction fetch is used as break condition (Initial value)
1 Data read cycle is used as break condition

1 0 Data write cycle is used as break condition
1 Data read/write cycle is used as break condition

Bit 0—Break Interrupt Enable A (BIEA): Enables or disables channel A PC break interrupts.

Bit 0

$Description

0 PC break interrupts are disabled (Initial value)
1 PC break interrupts are enabled

127
HITACHI



6.2.4 Break Control Register B (BCRB)

BCRB is the channel B break control register. The bit configuration is the same as for BCRA.

6.2.5 Module Stop Control Register C (MSTPCRC)

Bit 7 6 5 4 3 2 1 0
| MsTPC7 | MSTPCB|MSTPCS5 | MSTPC4 | MSTPC3 | MSTPC2| MSTPC1| MSTPCO|
Initial value 1 1 1 1 1 1 1 1

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

MSTPCRC is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPCA4 bit is set to 1, PC break controller operation is stopped at the end of the bus
cycle, and module stop mode is entered. Register read/write accesses are not possible in module
stop mode. For details, see section 23A.5, 23B.5, Module Stop Mode.

MSTPCRC is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 4—Module Stop (MSTPC4): Specifies the PC break controller module stop mode.

Bit 4

MSTPC4 Description

0 PC break controller module stop mode is cleared

1 PC break controller module stop mode is set (Initial value)
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6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is shov
in sections 6.3.1 and 6.3.2, taking the example of channel A.

6.3.1 PC Break Interrupt Due to Instruction Fetch

(2) Initial settings
0 Setthe break address in BARA. For a PC break caused by an instruction fetch, set the
address of the first instruction byte as the break address.
0 Set the break conditions in BCRA.

BCRA bit 6 (CDA): With a PC break caused by an instruction fetch, the bus master must
be the CPU. Set 0 to select the CPU.

BCRA bits 5-3 (BAMA2-0): Set the address bits to be masked.
BCRA bits 2—-1 (CSELA1-0): Set 00 to specify an instruction fetch as the break condition.
BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.

(2) Satisfaction of break condition

O When the instruction at the set address is fetched, a PC break request is generated
immediately before execution of the fetched instruction, and the condition match flag
(CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.2 PC Break Interrupt Due to Data Access

(1) Initial settings
O Setthe break address in BARA. For a PC break caused by a data access, set the target

ROM, RAM, /O, or external address space address as the break address. Stack operatic
and branch address reads are included in data accesses.

O Setthe break conditions in BCRA.
BCRA bit 6 (CDA): Select the bus master.
BCRA bits 5-3 (BAMA2-0): Set the address bits to be masked.

BCRA bits 2—-1 (CSELA1-0): Set 01, 10, or 11 to specify data access as the break
condition.

BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.
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(2) Satisfaction of break condition

O After execution of the instruction that performs a data access on the set address, a PC bre
request is generated and the condition match flag (CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.3 Notes on PC Break Interrupt Handling

(1) The PC break interrupt is shared by channels A and B. The channel from which the request
was issued must be determined by the interrupt handler.

(2) The CMFA and CMFB flags are not cleared to 0, so 0 must be written to CMFA or CMFB
after first reading the flag while it is set to 1. If the flag is left set to 1, another interrupt will be
requested after interrupt handling ends.

(3) A PC break interrupt generated when the DTC is the bus master is accepted after the bus has
been transferred to the CPU by the bus controller.

6.3.4 Operation in Transitions to Power-Down Modes

The operation when a PC break interrupt is set for an instruction fetch at the address after a
SLEEP instruction is shown below.

(1) When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
sleep mode, or from subactive mode* to subsleep mode*:
After execution of the SLEEP instruction, a transition is not made to sleep mode or subsleep
mode*, and PC break interrupt handling is executed. After execution of PC break interrupt
handling, the instruction at the address after the SLEEP instruction is executed (figure 6-2

(A))-

(2) When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
subactive mode*:
After execution of the SLEEP instruction, a transition is made to subactive mode* via direct
transition exception handling. After the transition, PC break interrupt handling is executed,
then the instruction at the address after the SLEEP instruction is executed (figure 6-2 (B)).

(3) When the SLEEP instruction causes a transition from subactive mode* to high-speed
(medium-speed) mode:

130
HITACHI



After execution of the SLEEP instruction, and following the clock oscillation settling time, a
transition is made to high-speed (medium-speed) mode via direct transition exception
handling. After the transition, PC break interrupt handling is executed, then the instruction at
the address after the SLEEP instruction is executed (figure 6-2 (C)).

(4) When the SLEEP instruction causes a transition to software standby mode or watch mode*:

After execution of the SLEEP instruction, a transition is made to the respective mode, and P¢
break interrupt handling is not executed. However, the CMFA or CMFB flag is set (figure 6-2

(D))-

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
U-mask and W-mask versions only of the H8S/2636, H8S/2638, and H8S/2639 only.

SLEEP instruction
execution

SLEEP instruction SLEEP instruction SLEEP instruction
execution execution execution

PC break exception System clock Subclock® — Transition to
handling > subclock* _system clock, respective mode
oscillation settling time
¥ : (D)

Execution of instruction Direct transition* Direct transition*
after sleep instruction exception handling exception handling
*) Y Subactive* Y High-speed
PC break exception mode PC break exception (medium-speed)
handling handling mode
Y Y
Execution of instructio Execution of instruction
after sleep instruction after sleep instruction

(B) (©)

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available
in the U-mask and W-mask versions only of the H8S/2636, H8S/2638, and H8S/2639 only.

Figure 6-2 Operation in Power-Down Mode Transitions

6.3.5 PC Break Operation in Continuous Data Transfer

If a PC break interrupt is generated when the following operations are being performed, exceptit
handling is executed on completion of the specified transfer.

(1) When a PC break interrupt is generated at the transfer address of an EEPMOV.B instruction

PC break exception handling is executed after all data transfers have been completed and tt
EEPMOV.B instruction has ended.
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(2) When a PC break interrupt is generated at a DTC transfer address:31

PC break exception handling is executed after the DTC has completed the specified number
data transfers, or after data for which the DISEL bit is set to 1 has been transferred.

6.3.6 When Instruction Execution is Delayed by One State
Caution is required in the following cases, as instruction execution is one state later than usual.

(1) When the PBC is enabled (i.e. when the break interrupt enable bit is set to 1), execution of a
one-word branch instruction (Bcc d:8, BSR, JSR, JMP, TRAPA, RTE, or RTS) located in on-
chip ROM or RAM is always delayed by one state.

(2) When break interruption by instruction fetch is set, the set address indicates on-chip ROM or
RAM space, and that address is used for data access, the instruction that executes the data
access is one state later than in normal operation.

(3) When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction has one of the addressing
modes shown below, and that address indicates on-chip ROM or RAM, and that address is
used for data access, the instruction will be one state later than in normal operation.

@ERN, @(d:16,ERn), @(d:32,ERn), @-ERN/ERN+, @aa:8, @aa:24, @aa:32, @(d:8,PC),
@(d:16,PC), @ @aa:8

(4) When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction is NOP or SLEEP, or has
#xx,Rn as its addressing mode, and that instruction is located in on-chip ROM or RAM, the
instruction will be one state later than in normal operation.
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6.3.7 Additional Notes

(1) When a PC break is set for an instruction fetch at the address following a BSR, JSR, JMP,
TRAPA, RTE, or RTS instruction:
Even if the instruction at the address following a BSR, JSR, JMP, TRAPA, RTE, or RTS
instruction is fetched, it is not executed, and so a PC break interrupt is not generated by the
instruction fetch at the next address.

(2) When the | bit is set by an LDC, ANDC, ORC, or XORC instruction, a PC break interrupt
becomes valid two states after the end of the executing instruction. If a PC break interrupt is
set for the instruction following one of these instructions, since interrupts, including NMI, are
disabled for a 3-state period in the case of LDC, ANDC, ORC, and XORC, the next instructio
is always executed. For details, see section 5, Interrupt Controller.

(3) When a PC break is set for an instruction fetch at the address following a Bcc instruction:

A PC break interrupt is generated if the instruction at the next address is executed in
accordance with the branch condition, but is not generated if the instruction at the next addre
is not executed.

(4) When a PC break is set for an instruction fetch at the branch destination address of a Bcc
instruction:

A PC break interrupt is generated if the instruction at the branch destination is executed in
accordance with the branch condition, but is not generated if the instruction at the branch
destination is not executed.
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Section 7 Bus Controller

7.1 Overview

The chip has a built-in bus controller (BSC) that manages the external address space divided in
eight areas. The bus specifications, such as bus width and number of access states, can be set
independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal |
masters: the CPU, and data transfer controller (DTC).

7.1.1 Features
The features of the bus controller are listed below.

* Manages external address space in area units
0 Manages the external space as 8 areas of 2-Mbytes
O Bus specifications can be set independently for each area
0 Burst ROM interface can be set

« Basic bus interface
0 8-bit access or 16-hit access can be selected for each area
0 2-state access or 3-state access can be selected for each area
0 Program wait states can be inserted for each area

* Burst ROM interface
0O Burst ROM interface can be set for area 0
0 Choice of 1- or 2-state burst access

¢ Idle cycle insertion
O Anidle cycle can be inserted in case of an external read cycle between different areas

O Anidle cycle can be inserted in case of an external write cycle immediately after an
external read cycle

« Write buffer functions
O External write cycle and internal access can be executed in parallel
¢ Bus arbitration function
O Includes a bus arbiter that arbitrates bus mastership among the CPU and DTC

¢ Other features
0O External bus release function
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7.1.2 Block Diagram

Figure 7-1 shows a block diagram of the bus controller.

Internal
Area decoder address bus
ABWCR K i
External bus control signals ASTCR [ p
< BCRH [ >
BCRL K i
2]
Bus 2 Internal control
< .
controller g signals
=]
[
i — Bus mode signal
£
Wait
controller WCRH [ D
werL K
l-+—— CPU bus request signal
[-+—— DTC bus request signal
Bus arbiter — CPU bus acknowledge signal
= DTC bus acknowledge signal

Legend:
ABWCR
ASTCR
BCRH
BCRL
WCRH
WCRL

: Bus width control register

: Access state control register
: Bus control register H

: Bus control register L

: Wait control register H

: Wait control register L
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7.1.3 Pin Configuration
Table 7-1 summarizes the pins of the bus controller.

Table 7-1 Bus Controller Pins

Name Symbol I/0 Function

Address strobe AS Output  Strobe signal indicating that address output on address
bus is enabled.

Read RD Output  Strobe signal indicating that external space is being
read.

High write HWR Output  Strobe signal indicating that external space is to be
written, and upper half (D15 to D8) of data bus is
enabled.

Low write LWR Output  Strobe signal indicating that external space is to be

written, and lower half (D7 to DO) of data bus is enabled.

7.1.4 Register Configuration
Table 7-2 summarizes the registers of the bus controller.

Table 7-2  Bus Controller Registers

Name Abbreviation R/W Initial Value Address  **
Bus width control register ABWCR R/W H'FF/H'00*? H'FEDO
Access state control register ASTCR R/W H'FF H'FED1
Wait control register H WCRH R/W H'FF H'FED2
Wait control register L WCRL R/W H'FF H'FED3
Bus control register H BCRH R/W H'DO H'FED4
Bus control register L BCRL R/W H'08 H'FED5
Pin function control register PFCR R/W H'OD/H'00 H'FDEB

Notes: *1 Lower 16 bits of the address.
*2 Determined by the MCU operating mode.
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7.2 Register Descriptions

7.2.1 Bus Width Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
ABW7 ABW6 | ABW5 | ABW4 | ABW3 | ABW2 ABW1 | ABWO

Modes 5to 7

Initial value : 1 1 1 1 1 1 1 1

RW : R/W RIW RIW RIW R/W RIW RIW R/W

Mode 4

Initial value : 0 0 0 0 0 0 0 0

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

ABWCR is an 8-bit readable/writable register that designates each area for either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal I/O registers is fixed regardless of the settings in ABWCR.

After a reset and in hardware standby mode, ABWCR is initialized to H'FF in modes 5, 6, 7, and
to H'00 in mode 4. It is not initialized in software standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO):These bits select whether the
corresponding area is to be designated for 8-bit access or 16-bit access.

Bit n
WDescription
0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access
(n=71t00)
7.2.2 Access State Control Register (ASTCR)
Bit : 7 6 5 4 3 2 1 0
AST7 AST6 ASTS5 AST4 AST3 AST2 AST1 ASTO
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR is an 8-bit readable/writable register that designates each area as either a 2-state acces:
space or a 3-state access space.
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ASTCR sets the number of access states for the external memory space. The number of acces:
states for on-chip memory and internal 1/O registers is fixed regardless of the settings in ASTCR

ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTOJhese bhits select whether the
corresponding area is to be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bitn
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)
Wait state insertion in area n external space is enabled
(n=7100)
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7.2.3 Wait Control Registers H and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area.

Program waits are not inserted in the case of on-chip memory or internal I/O registers.

WCRH and WCRL are initialized to H'FF by a reset and in hardware standby mode. They are not
initialized in software standby mode.

WCRH
Bit : 7 6 5 4 3 2 1 0
w71 W70 W61 W60 W51 W50 w41 W40
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70)These bits select the number of
program wait states when area 7 in external space is accessed while the AST7 bitin ASTCR is s
to 1.

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits 5 and 4—Area 6 Wait Control 1 and 0 (W61, W60)These bits select the number of
program wait states when area 6 in external space is accessed while the AST6 bit in ASTCR is s
to 1.

Bit 5 Bit 4
w61 w60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed
(Initial value)
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Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50)These bits select the number of
program wait states when area 5 in external space is accessed while the AST5 bit in ASTCR is
to 1.

Bit 3 Bit 2
w51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40)These bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bitin ASTCR is
to 1.

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
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WCRL

Bit 7 6 5 4 3 2 1 0
w31l W30 w21 w20 wil w10 wo1l W00

Initial value : 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30)These bits select the number of
program wait states when area 3 in external space is accessed while the AST3 bitin ASTCR is s

to 1.
Bit 7 Bit 6
w31 w30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits 5 and 4—Area 2 Wait Control 1 and 0 (W21, W20)These bits select the number of
program wait states when area 2 in external space is accessed while the AST2 bitin ASTCR is s

to 1.
Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed
(Initial value)
142

HITACHI



Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10)These bits select the number of
program wait states when area 1 in external space is accessed while the AST1 bit in ASTCR is
to 1.

Bit 3 Bit 2
w11l W10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00)These bits select the number of
program wait states when area 0 in external space is accessed while the ASTO bit in ASTCR is
to 1.

Bit 1 Bit 0
wo1 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
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7.2.4 Bus Control Register H (BCRH)

Bit : 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|{BRSTSO — — —

Initial value : 1 1 0 1 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area 2 to 5, and O.

BCRH is initialized to H'DO by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Idle Cycle Insert 1 (ICIS1): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Idle Cycle Insert 0 (ICIS0): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface.

Bit5
BRSTRM Description

0 Area 0 is basic bus interface (Initial value)
1 Area 0 is burst ROM interface
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Bit 4—Burst Cycle Select 1 (BRSTS1)Selects the number of burst cycles for the burst ROM
interface.

Bit 4
BRSTS1  Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRSTSO0)Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO  Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits 2 to 0—ReservedOnly 0 should be written to these bits.

7.2.5 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
— — — — — — WDBE —

Initial value : 0 0 0 0 1 0 0 0

R/W : R/W R/W — R/W R/W R/W R/W R/W

BCRL is an 8-bit readable/writable register that performs selection of the external bus-released
state protocol, enabling or disabling of the write data buffer function.

BCRL is initialized to H'08 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 and 6—ReservedOnly 0 should be written to these bits.
Bit 5—Reserved:It is always read as 0. Cannot be written to.
Bit 4—Reserved:Only 0 should be written to this bit.

Bit 3—Reserved:Only 1 should be written to this bit.

Bit 2—Reserved:Only 0 should be written to this bit.
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Bit 1—Write Data Buffer Enable (WDBE): This bit selects whether or not to use the write

buffer function in the external write cycle.

Bit 1
WDBE Description
0 Write data buffer function not used (Initial value)
1 Write data buffer function used
Bit 0—Reserved:Only 0 should be written to these bits.
7.2.6 Pin Function Control Register (PFCR)
Bit : 7 6 5 4 3 2 1 0
— — — — AE3 AE2 AE1l AEO
Initial value : 0 0 0 0 1/0 1/0 0 1/0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit read/write register that controls the address output in expanded mode with RON

PFCR is initialized to H'OD/H'00 by a reset and in hardware standby mode. It retains its previous

state in software standby mode.

Bits 7 to 4—ReservedOnly 0 should be written to these bits.
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Bits 3 to 0—Address Output Enable 3 to 0 (AE3-AEOQ)These hits select enabling or disabling

of address outputs A8 to A23 in ROMless expanded mode and modes with ROM. When a pin is
enabled for address output, the address is output regardless of the corresponding DDR setting.
When a pin is disabled for address output, it becomes an output port when the corresponding D

bit is set to 1.

Bit3 Bit2 Bitl BitO

AE3 AE2 AE1 AEO Description
0 0 0 0 A8-A23 address output disabled (Initial value*)
A8 address output enabled; A9—A23 address output disabled
1 0 A8, A9 address output enabled; A10-A23 address output
disabled
1 A8-A10 address output enabled; A11-A23 address output
disabled
1 0 0 A8-A11 address output enabled; A12—A23 address output
disabled
1 A8-A12 address output enabled; A13-A23 address output
disabled
1 0 A8-A13 address output enabled; A14-A23 address output
disabled
1 A8-A14 address output enabled; A15-A23 address output
disabled
1 0 0 0 A8-A15 address output enabled; A16—A23 address output
disabled
1 A8-A16 address output enabled; A17-A23 address output
disabled
1 0 A8-A17 address output enabled; A18—-A23 address output
disabled
1 A8-A18 address output enabled; A19-A23 address output
disabled
1 0 0 A8-A19 address output enabled; A20-A23 address output
disabled
1 A8-A20 address output enabled; A21-A23 address output
disabled (Initial value*)
1 0 A8-A21 address output enabled; A22, A23 address output
disabled
1 A8-A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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7.3 Overview of Bus Control

7.3.1 Area Partitioning

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0
7, in 2-Mbyte units, and performs bus control for external space in area units. In normal mode*, it
controls a 64-kbyte address space comprising part of area 0. Figure 7-2 shows an outline of the
memory map.

Note: * Not available in the H8S/2636 and H8S/2638.

woooooo [ | T H'0000
Area 0 \
(2Mbytes)
H'1FFFFF
H'200000
Area 1l
(2Mbytes)
H'3FFFFF
H'400000
Area 2
2M
(eMbytes) - HEEFF.
H'SFFFFF
H'600000
Area 3
(2Mbytes)
H'7FFFFF
H'800000
Area 4
(2Mbytes)
H'OFFFFF
H'A00000
Area 5
(2Mbytes)
H'BFFFFF
H'C00000
Area 6
(2Mbytes)
H'DFFFFF
H'E00000
Area 7
(2Mbytes)
__. HFFFFFF_
(1) Advanced mode (2) Normal mode*
Note: * Not available in the H8S/2636 and H8S/2638.

Figure 7-2 Overview of Area Partitioning
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7.3.2 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal I/O registers are
fixed, and are not affected by the bus controller.

Bus Width: A bus width of 8 or 16 bits can be selected with ADWCR. An area for which an 8-bit
bus is selected functions as an 8-bit access space, and an area for which a 16-bit bus is selecte
functions as al16-bit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any area is designated for 1f
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus mode is
always set.

Number of Access StatesTwo or three access states can be selected with ASTCR. An area for
which 2-state access is selected functions as a 2-state access space, and an area for which 3-s
access is selected functions as a 3-state access space.

With the burst ROM interface, the number of access states may be determined without regard tc
ASTCR.

When 2-state access space is designated, wait insertion is disabled.

Number of Program Wait States:When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From 0 to 3 program wait states can be selected.

Table 7-3 shows the bus specifications for each basic bus interface area.
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Table 7-3  Bus Specifications for Each Area (Basic Bus Interface)

ABWCR  ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Program Wait
ABWn ASTn wnl Wno Bus Width Access States States

0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 3 0
1 1
1 0 2
1 3

7.3.3 Memory Interfaces

The chip's memory interfaces comprise a basic bus interface that allows direct connection or
ROM, SRAM, and so on, and a burst ROM interface that allows direct connection of burst ROM.
The memory interface can be selected independently for each area.

An area for which the basic bus interface is designated functions as normal space, and an area f
which the burst ROM interface is designated functions as burst ROM space.
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7.3.4 Interface Specifications for Each Area

The initial state of each area is basic bus interface, 3-state access space. The initial bus width is
selected according to the operating mode. The bus specifications described here cover basic ite
only, and the sections on each memory interface (7.4 and 7.5) should be referred to for further
details.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area 0 is
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is externa
space.

Either basic bus interface or burst ROM interface can be selected for area O.
Areas 1 to 6:1n external expansion mode, all of areas 1 to 6 is external space.
Only the basic bus interface can be used for areas 1 to 6.

Area 7: Area 7 includes the on-chip RAM and internal I/O registers. In external expansion mode
the space excluding the on-chip RAM and internal I/O registers is external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SYSCR) is set to 1; when the
RAME bit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

Only the basic bus interface can be used for the area 7.
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7.4 Basic Bus Interface

7.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (see
table 7-3).

7.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether tt
upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the d
size.

8-Bit Access SpaceFigure 7-3 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to D8) is always used for accesses. The amoun
data that can be accessed at one time is one byte: a word transfer instruction is performed as twt
byte accesses, and a longword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte S|Ze | T T T T T T T |

| 1stbuscycle |

Word size | 2nd bus cycle |

[ 1st bus cycle |
2nd bus cycle |
|
|

Longword size

3rd bus cycle

| 4th bus cycle

Figure 7-3 Access Sizes and Data Alignment Control (8-Bit Access Space)
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16-Bit Access SpaceFigure 7-4 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are
used for accesses. The amount of data that can be accessed at one time is one byte or one wol
and a longword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data bus is used is determined by whether the addre
even or odd. The upper data bus is used for an even address, and the lower data bus for an od
address.

Upper data bus Lower data bus
D15 D8 D7 DO,

Byte size « Even address [T T 7T ]
Byte size  »Odd address T

Word size |“H‘ww|www\”‘|

Longword 1st bus cycle |
size 2nd bus cycle |

Figure 7-4 Access Sizes and Data Alignment Control (16-Bit Access Space)
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7.4.3 Valid Strobes
Table 7-4 shows the data buses used and valid strobes for the access spaces.

In a read, th&D signal is valid without discrimination between the upper and lower halves of the
data bus.

In a write, theHWR signal is valid for the upper half of the data bus, and.iN& signal for the
lower half.

Table 7-4 Data Buses Used and Valid Strobes

Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write  Address  Strobe (D15 to D8) (D7 to DO)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-z Valid
Word Read — RD Valid Valid
Write  — HWR, LWR Valid Valid

Note: Hi-Z: High impedance.
Invalid: Input state; input value is ignored.
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7.4.4 Basic Timing

8-Bit 2-State Access Spaceigure 7-5 shows the bus timing for an 8-bit 2-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used.

TheLWR pin is fixed high. Wait states cannot be inserted.

+————— Buscycle —————————
i ! i

Address bus ix |

Read D15 to D8

D7 to DO T Invalid !

|

I
=
o

Write

D15 to D8 4< ' valid >7

D7 to DO

Figure 7-5 Bus Timing for 8-Bit 2-State Access Space
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8-Bit 3-State Access SpacéEigure 7-6 shows the bus timing for an 8-bit 3-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used.

TheLWR pin is fixed high. Wait states can be inserted.

- Bus cycle »
Ty ! T2 T3

Read D15 to D8

D7 to DO

I
Y

LWR

D15 to D8 ‘v—<

D7 to DO 1

Write

Figure 7-6 Bus Timing for 8-Bit 3-State Access Space
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16-Bit 2-State Access Space&igures 7-7 to 7-9 show bus timings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data bus is u:
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states cannot be inserted.

ﬁi Bus cycle 4>1

3 T : T2 :
; r J

Address bus EX 3 :X

AS | | |

N 1

Read | DI15toD8 { valid |} —
D7 to DO : : { Invalid 3 )—

HWR | | |

LWR } High }

Write | | 1
D15 to D8 ~—< ' valid >—

| iHi h impedance 3

D7 to DO ; AL ;

Figure 7-7 Bus Timing for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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Address bus

D15 to D8

D7 to DO

D15 to D8

D7 to DO

Read

Write

Figure 7-8 Bus Timing for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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T

Bus cycle

S =]
© ©
> >
=] S
© ©
> >
< I E N S I NN N I R
(2] [e0) o o [ [0} o
2 2 [ a a) = 7W Q a
n o e T - e e
% 0 ~ To) ~
5 a a ) e
©
<

Read
Write

Figure 7-9 Bus Timing for 16-Bit 2-State Access Space (3) (Word Access)

159

HITACHI



16-Bit 3-State Access Space&igures 7-10 to 7-12 show bus timings for a 16-bit 3-state access
space. When a 16-bit access space is accessed , the upper half (D15 to D8) of the data bus is us
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states can be inserted.

Bus cycle
Ty ! T, | T3

Read | D15t D8 — : valid
D710 DO —— : : { Invalid 1}—

AWR : 3

wR ! High ! !

Write 1 1 | i
D15 to D8 ——< valid | >—

: | High impedance ' :

D7 to DO T : o1 mp T T

Figure 7-10 Bus Timing for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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Bus cycle
T, Ts

—
[N

g L[
Address bus : : 3)(
RD | |
Read 1 D15 to D8 3 1 { invalid | }—
D7 to DO : Valid |

| High

Write
D15 to D8

D7 to DO

SREIRRNLE

Figure 7-11 Bus Timing for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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T3

Bus cycle
T2

Ty

Address bus
D15 to D8
D7 to DO

H
D7 to DO

Read
Write

=0to7

Note: n

Figure 7-12 Bus Timing for 16-Bit 3-State Access Space (3) (Word Access)
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7.4.5 Wait Control

When accessing external space, the chip can extend the bus cycle by inserting one or more wai
states (]). There are two ways of inserting wait states: program wait insertion.

Program Wait Insertion

From 0 to 3 wait states can be inserted automatically between $tetd and Jstate on an
individual area basis in 3-state access space, according to the settings of WCRH and WCRL.
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Figure 7-13 shows an example of wait state insertion timing.

By program wait

T, | T, Tw Tw Tw Ts

|
I
Address bus :><

RD ’(
Read
Data bus { Readdata |-
HWR, LWR
Write
Data bus 4< Write data >>

Figure 7-13 Example of Wait State Insertion Timing

The settings after a reset are: 3-state access, 3 program wait state insertion.
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7.5 Burst ROM Interface

751 Overview

In this LSI, the area 0 external space can be set as burst ROM space and burst ROM interfacin
performed. Burst ROM space interfacing allows 16-bit ROM capable of burst access to be
accessed at high-speed.

The BRSTRM bit of BCRH sets area 0 as burst ROM space. CPU instruction fetches (only) can
performed using a maximum of 4-word or 8-word continuous burst access. 1 state or 2 states ce
be selected in the case of burst access.

7.5.2 Basic Timing

The ASTO bit of ASTCR sets the number of access states in the initial cycle (full access) of the

burst ROM interface. Wait states can be inserted when the ASTO bit is set to 1. The burst cycle

can be set for 1 state or 2 sttes by setting the BRSTS1 bit of BCRH. Wait states cannot be inser
When area 0O is set as burst ROM space, area 0 is a 16-bit access space regardless of the ABW
of ABWCR.

When the BRSTSO bit of BCRH is cleared to 0, 4-word max. burst access is performed. When tl
BRSTSO bit is set to 1, 8-word max. burst access is performed.

Figure 7-14 (a) and (b) shows the basic access timing for the burst ROM space.
Figure 7-14 (a) is an example when both the ASTO and BRSTSL1 bits are set to 1.

Figure 7-14 (b) is an example when both the ASTO and BRSTSL1 bits are set to 0.
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Full access

Burst access

T

Address bus :><

\/
Low address/c\mly changes

\

Data bus —< Read data >—< Read data >—< Read data >>

Figure 7-14 (a) Example Burst ROM Access Timing (ASTO=BRSTS1=1)

Full access

T

Tz

Burst access

T

Ty

Address bus x

A

\/

Low address only changes
/\

I

Data bus 4< Read data ><Read data><Read data>i

Figure 7-14 (b) Example Burst ROM Access Timing (ASTO=BRSTS1=0)
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75.3 Wait Control

As with the basic bus interface, program waits can be inserted in the burst ROM interface initial
cycle (full access). See section 7.4.5, Wait Control.

Wait states cannot be inserted in the burst cycle.
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7.6 Idle Cycle

7.6.1 Operation

When the chip accesses external space , it can insert a 1-state idle gymenden bus cycles in

the following two cases: (1) when read accesses between different areas occur consecutively, ar
(2) when a write cycle occurs immediately after a read cycle. By inserting an idle cycle it is
possible, for example, to avoid data collisions between ROM, with a long output floating time, anc
high-speed memory, I/O interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH is set to 1, an idle
cycle is inserted at the start of the second read cycle.

Figure 7-15 shows an example of the operation in this case. In this example, bus cycle A is a rea
cycle from ROM with a long output floating time, and bus cycle B is a read cycle from SRAM,
each being located in a different area. In (a), an idle cycle is not inserted, and a collision occurs i
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

| | | |
- r Tt 1
| | | |
| | | |
| | | |

Address bus :b( X X: Address bus :b( Y

CS* (area A) 3 CS* (area A)

CS* (areaB) |

S I o T 1T

N \ :
Data bus § Data bus ‘ )—( ’)—
‘ : Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 = 1)

Note: * The CS signal is generated externally rather than inside the LSI device.

Figure 7-15 Example of Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICISO bit in BCRH is set to 1, an idle

cycle is inserted at the start of the write cycle.

Figure 7-16 shows an example of the operation in this case. In this example, bus cycle A is are
cycle from ROM with a long output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycle is not inserted, and a collision occurs in cycle B between the read data from ROM anc

the CPU write data. In (b), an idle cycle is inserted, and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

Address bus :b( :X X: Address bus j X

CS* (area A) ! CS* (area A)

: CS* (area B) 3

I
‘
‘
I
‘
! N —
‘
I
‘
|
I

CS* (area B)

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 = 1)

Note: * The CS signal is generated externally rather than inside the LS| device.

A5 e LT

Figure 7-16 Example of Idle Cycle Operation (2)
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(3) Relationship between Chip SelecqS*) Signal and Read RD) Signal

Depending on the system’s load conditions,RBesignal may lag behind th@S signal*. An
example is shown in figure 7-17.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle RD signal and the bus cycle®s signal.

Setting idle cycle insertion, as in (b), however, will prevent any overlap betweRbtardCS
signals.

In the initial state after reset release, idle cycle insertion (b) is set.

Note: * TheCS signal is generated externally rather than inside the LSI device.

, BuscycleA Buscycle B , BuscycleA  BuscycleB
T T, T T T, T T, T T T T,
o _[LILITLITLILD o LI LI LT LTI L
Address bus :b( 9( X: Address bus j 1X X:
CS* (area A) | CS* (area A) |
CS* (areaB) CS* (areaB) i
RD | 1 RD | |
FWR s s HWR s s
oata s N omams }——A"
‘ : Data
Long output | ;jisjon
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0 =0) (Initial value ICISO = 1)

Note: * The CS signal is generated externally rather than inside the LSI device.

Figure 7-17 Relationship between Chip Selec€f)* and Read RD)

7.6.2 Pin States During Idle Cycles

Table 7-5 shows the pin states during idle cycles.

170
HITACHI




Table 7-5 Pin States During Idle Cycles

Pins Pin State

A23 to AO Content identical to immediately following bus cycle
D15 to DO High impedance

AS High level

RD High level

HWR High level

LWR High level
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7.7 Write Data Buffer Function

The chip has a write data buffer function in the external data bus. Using this function enables the
write data buffer to be accessed in parallel. The write data buffer function is made available by
setting the WDBE bit in BCRL to 1.

Figure 7-18 shows an example of the timing when the write data buffer function is used. When
this function is used, if an external write continues for 2 states or longer, and there is an internal
access next, only an external write is executed in the first state, but from the next state onward al
internal access (on-chip memory or internal I/O register read/write) is executed in parallel with the
external write rather than waiting until it ends.

On-chip memory read Internal I/O register read

External write cycle

Ty Ts Tw Tw T3

Internal address bus >< >< >< >< ><

Internal memory  Internal I/O register address

Internal read signal

A231t0 AO >< External address ‘
External _— _—
space | AWR,[WR | |
write ! !
D15 to DO ——< >7
Figure 7-18 Example of Timing when Write Data Buffer Function is Used
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7.8 Bus Arbitration

7.8.1 Overview
The chip has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and DTC which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of a bus request sign:
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means «
bus request acknowledge signal. The selected bus master then takes possession of the bus an
begins its operation.

7.8.2 Operation

The bus arbiter detects the bus masters’ bus request signals, and if the bus is requested, sends
request acknowledge signal to the bus master making the request. If there are bus requests frot
more than one bus master, the bus request acknowledge signal is sent to the one with the highe
priority. When a bus master receives the bus request acknowledge signal, it takes possession o
bus until that signal is canceled.

The order of priority of the bus masters is as follows:

(Highy ~DTC > CPU (Low)

7.8.3 Bus Transfer Timing

Even if 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 bus is not necessarily transferre
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU is the lowest-priority bus master, and if a bus request is received from the DTC,
the bus arbiter transfers the bus to the bus master that issued the request. The timing for transfe
the bus is as follows:

« The bus is transferred at a break between bus cycles. However, if a bus cycle is executed in
discrete operations, as in the case of a longword-size access, the bus is not transferred betw
the operations. See Appendix A-5, Bus States During Instruction Execution, for timings at
which the bus is not transferred.

« If the CPU is in sleep mode, it transfers the bus immediately.

DTC: The DTC sends the bus arbiter a request for the bus when an activation request is genere
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The DTC can release the bus after a vector read, a register information read (3 states), a single c
transfer, or a register information write (3 states). It does not release the bus during a register
information read (3 states), a single data transfer, or a register information write (3 states).

79 Resets and the Bus Controller

In a reset, the chip, including the bus controller, enters the reset state at that point, and an
executing bus cycle is discontinued.
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Section 8 Data Transfer Controller (DTC)

8.1 Overview

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

8.1.1 Features

« Transfer possible over any number of channels
O Transfer information is stored in memory
O One activation source can trigger a number of data transfers (chain transfer)

« Wide range of transfer modes
O Normal, repeat, and block transfer modes available
O Incrementing, decrementing, and fixing of source and destination addresses can be selec

< Direct specification of 16-Mbyte address space possible
O 24-bit transfer source and destination addresses can be specified

« Transfer can be set in byte or word units

e A CPU interrupt can be requested for the interrupt that activated the DTC
O An interrupt request can be issued to the CPU after one data transfer ends

O An interrupt request can be issued to the CPU after the specified data transfers have
completely ended

e Activation by software is possible

¢ Module stop mode can be set

O The initial setting enables DTC registers to be accessed. DTC operation is halted by setti
module stop mode.
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8.1.2 Block Diagram

Figure 8-1 shows a block diagram of the DTC.

The DTC's register information is stored in the on-chip RAM*. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information.

Note: * When the DTC is used, the RAME bit in SYSCR must be set to 1.

Internal address bus
‘ ‘ On-chip
Interrupt controller DTC RAM
c
o
T |
¢ e g 32
Interrupt o ||m = =
request) 5o > 3 g 2 E(:EE C> =
=5 ||IBl |ew | E | |S|<|gow T
(=) g ] Q —ee 2
=3 | O <|O|0 >
@ 5 o o
1) = = a4 !
'_
0
CPU interrupt Internal data bus
request
Legend
MRA, MRB : DTC mode registers A and B
CRA, CRB : DTC transfer count registers A and B
SAR : DTC source address register
DAR : DTC destination address register
DTCERA to DTCERG : DTC enable registers A to G
DTVECR : DTC vector register
Figure 8-1 Block Diagram of DTC
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8.1.3 Register Configuration
Table 8-1 summarizes the DTC registers.

Table 8-1 DTC Registers

Name Abbreviation R/W Initial Value  Address **

DTC mode register A MRA —*2  Undefined —x3

DTC mode register B MRB —*2  Undefined —*3

DTC source address register SAR —*2  Undefined —*3

DTC destination address register DAR —*2  Undefined —x3

DTC transfer count register A CRA —*2  Undefined —*3

DTC transfer count register B CRB —*2  Undefined —3

DTC enable registers DTCER R/W  H'00 H'FE16 to H'FE1C
DTC vector register DTVECR R/W  H'00 H'FEL1F

Module stop control register A MSTPCRA R/W  H'3F H'FDES8

Notes: *1 Lower 16 bits of the address.

*2 Registers within the DTC cannot be read or written to directly.

*3 Register information is located in on-chip RAM addresses H'EBCO to H'EFBF. It cannot
be located in external memory space. When the DTC is used, do not clear the RAME

bitin SYSCR to 0.
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8.2 Register Descriptions

8.2.1 DTC Mode Register A (MRA)

Bit : 7 6 5 4 3 2 1 0

SM1 SMO DM1 DMO MD1 MDO DTS Sz

Initial value : * * * * * * * *

RIW : — — — — — — — —
*: Undefined

MRA is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source Address Mode 1 and 0 (SM1, SMQ)hese bits specify whether SAR is
to be incremented, decremented, or left fixed after a data transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by =1 when Sz = 0; by —2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM1, DMO)hese bits specify whether
DAR is to be incremented, decremented, or left fixed after a data transfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)
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Bits 3 and 2—DTC Mode (MD1, MDO): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 J—

Bit 1—DTC Transfer Mode Select (DTS):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.

Bit 1

DTS Description

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

Bit 0—DTC Data Transfer Size (Sz):Specifies the size of data to be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer
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8.2.2 DTC Mode Register B (MRB)

Bit : 7 6 5 4 3 2 1 0

CHNE DISEL — — — — — —

Initial value: * * * * * * * *

RIW : — — — — — — — —
*: Undefined

MRB is an 8-bit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of data transfers can be performed consecutively in response to a single transfer reques

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

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6

DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the

interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—ReservedThese bits have no effect on DTC operation in the chip, and should
always be written with 0.
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8.2.3 DTC Source Address Register (SAR)

Bit : 23 22 21 20 19 - 4 3 2 1 0

Initial value: * * * * * --- * * * * *

R/W : —_ = = = = --- —_ = = = —
*: Undefined

SAR is a 24-bit register that designates the source address of data to be transferred by the DTC
For word-size transfer, specify an even source address.

8.2.4 DTC Destination Address Register (DAR)

Bit : 23 22 21 20 19 --- 4 3 2 1 0

Initial value : * * * * * --- * * * * *

RIW - - - - - - - -
*: Undefined

DAR is a 24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.

8.2.5 DTC Transfer Count Register A (CRA)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: * * * * * * * * * * * * * * * *
RIW _ - - - - - - - = = = = = = = =

*: Undefined

CRA is a 16-bit register that designates the number of times data is to be transferred by the DT(

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). It is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'0
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In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 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 data is
transferred, and the contents of CRAH are sent when the count reaches H'00. This operation is
repeated.

8.2.6 DTC Transfer Count Register B (CRB)

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

Initial value: * * * * * * * * * * * * * * * *

RIW - = = = = = = = = = = = = = = =
*: Undefined

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

8.2.7 DTC Enable Registers (DTCER)

Bit : 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The DTC enable registers comprise seven 8-bit readable/writable registers, DTCERA to DTCERC
with bits corresponding to the interrupt sources that can control enabling and disabling of DTC
activation. These bits enable or disable DTC service for the corresponding interrupt sources.

The DTC enable registers are initialized to H'00 by a reset and in hardware standby mode.
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Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 1 and the data transfer has ended
* When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 9-4, together with the vector number

(n=7100)

generated for each interrupt controller.

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR for reading anc
writing. If all interrupts are masked, multiple activation sources can be set at one time by writing

data after executing a dummy read on the relevant register.

8.2.8 DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVECS5|DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO

Initial value: 0 0 0 0 0 0 0 0

R/W o RI(W)*1  R/W*2  R/W*2  R/W*2 R/W*2 R/W*2 R/W*2 R/W*2

Notes: *1 Only 1 can be written to the SWDTE bit.
*2 Bits DTVEC6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR is initialized to H'00 by a reset and in hardware standby mode.

183
HITACHI



Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7
SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 0 and the specified number of transfers have not ended

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

1 DTC software activation is enabled
[Holding conditions]
* When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
» During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors 6 to 0 (DTVECG6 to DTVECO)These bits
specify a vector number for DTC software activation.

The vector address is expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit left
shift. For example, when DTVECG6 to DTVECO = H'10, the vector address is H'0420.

8.2.9 Module Stop Control Register A (MSTPCRA)

Bit 7 6 5 4 3 2 1 0

| MSTPA7 | MsTPAG | MSTPAS | MSTPA4 | MSTPA3 | MsTPA2 | MsTPAL | MSTPAO |
Initial value 0 0 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W RIW R/W

MSTPCRA is a 8-bit readable/writable register that performs module stop mode control.

When the MSTPAG bit in MSTPCRA is set to 1, the DTC operation stops at the end of the bus
cycle and a transition is made to module stop mode. However, 1 cannot be written in the MSTPA
bit while the DTC is operating. For details, see section 23A.5, 23B.5, Module Stop Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 6—Module Stop (MSTPASG): Specifies the DTC module stop mode.

Bit 6

MSTPA6  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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8.3 Operation

8.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfel
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible
perform a number of transfers with a single activation.

Figure 8-2 shows a flowchart of DTC operation.

Start

\
Read DTC vector

Next transfer

v

Read register information

Y

Data transfer

L

Write register information

i

No

Transfer Counter= 0
or DISEL=1

Yes

Y
Clear an activation flag Clear DTCER

End Interrupt exception
handling

Figure 8-2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

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.

Table 8-2 outlines the functions of the DTC.

Table 8-2 DTC Functions

Address Registers

Transfer Transfer
Transfer Mode Activation Source Source Destination
* Normal mode « IRQ 24 bits 24 bits
O One transfer request transfers one e TPUTGI
byte or one word e SCITXl or RXI

O Memory addresses are incremented
or decremented by 1 or 2

A/D converter ADI
Motor control PWM

0 Up to 65,536 transfers possible CMI
¢ Repeat mode « HCAN RMO
O One transfer request transfers one (mail box 0)
byte or one word « Software

O Memory addresses are incremented
or decremented by 1 or 2
O After the specified number of
transfers (1 to 256), the initial state
resumes and operation continues
» Block transfer mode

0 One transfer request transfers a block

of the specified size

O Block size is from 1 to 256 bytes or
words

O Up to 65,536 transfers possible

O A block area can be designated at
either the source or destination
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8.3.2 Activation Sources

The DTC operates when activated by an interrupt or by a write to DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCEI
bit. An interrupt becomes a DTC activation source when the corresponding bit is setto 1, and a
CPU interrupt source when the bit is cleared to 0.

At the end of a data transfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 8-3 shows activation source and
DTCER clearance. The activation source flag, in the case of RXIO, for example, is the RDRF flag
of SCIO0.

Table 8-3  Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source  Transfers Have Not Ended Have Ended

Software activation The SWDTE bit is cleared to 0 The SWDTE bit remains set to 1
An interrupt is issued to the CPU

Interrupt activation The corresponding DTCER bit The corresponding DTCER bit is cleared

remains set to 1 to 0
The activation source flag is The activation source flag remains set to 1
cleared to O A request is issued to the CPU for the

activation source interrupt

Figure 8-3 shows a block diagram of activation source control. For details see section 5, Interrup
Controller.

Source flag cleared

Clear
controller

Clear
A

DTCER
Clear request
Select
Y Y
On-chip -~
supporting = pTC
module o
'S
. c
IRQ interrupt 18
Interrupt ©
(0]
request @ -
DTVECR n »| Interrupt controller CPU

Interrupt mask

Figure 8-3 Block Diagram of DTC Activation Source Control
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When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the sal
time, the DTC operates in accordance with the default priorities.

8.3.3 DTC Vector Table
Figure 8-4 shows the correspondence between DTC vector addresses and register information.

Table 8-4 shows the correspondence between activation and vector addresses. When the DTC
activated by software, the vector address is obtained from: H'0400 + (DTVECR][6:0] << 1) (wher
<< lindicates a 1-bit left shift). For example, if DTVECR is H'10, the vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for eact
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address o
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal* and advanced modes, a 2-t
unit being used in both cases. These two bytes specify the lower bits of the address in the on-ct
RAM.

Note: * Not available in the H8S/2636 and H8S/2638.

m m
DTC vector Register information / _ .
| — Register information

address start address

.

Chain transfer
\_ﬂ \_ﬂ

Figure 8-4 Correspondence between DTC Vector Address and Register Information
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Table 8-4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector
Interrupt Source Source Number Address DTCE ** Priority
Write to DTVECR Software DTVECR H0400+ — High
(DTVECR A
[6:0]
<<1)
IRQO External pin 16 H'0420 DTCEA7Y
IRQ1 17 H'0422 DTCEAG6
IRQ2 18 H'0424 DTCEAS
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEAS3
IRQ5 21 H'042A DTCEA2
Reserved — 22 to 27 H'042Cto —
H'0436
ADI (A/D conversion end) A/ID 28 H'0438 DTCEBG6
Reserved — 29to 31 H'043Ato —
H'043E
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEBS
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
Reserved — 36to 39 H'0448t0 —
H'044E
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCEC7
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCEC6
input capture) Low
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Origin of

Interrupt Vector Vector

Interrupt Source Source Number Address DTCE ** Priority
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCEC5 High
input capture) channel 3 A
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCEC3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
Reserved — 52 to 55 H'0468t0 —

H'046E
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
Reserved — 58, 59 H'0474t0 —

H'0476
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCEDS
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCED4
input capture)
Reserved — 62 to 80 H'047Cto —

H'04A0
RXIO0 (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel 0 82 H04A4  DTCEE2
Reserved — 83, 84 H'04A6to0 —

H'04A8
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 HO4AC  DTCEEO
Reserved — 87, 88 H'O4AEto —

H'04B0
RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) channel 2 ) H04B4  DTCEF6
Reserved — 91to 97 H'04B6t0 — Low

H'04C2
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Origin of

Interrupt Vector Vector

Interrupt Source Source Number Address DTCE ** Priority
IICIO (1-byte transmission/ 1IC channel O 100 H'04C8 DTCEF1 High
reception completed)*? (option) A
IICI1 (1-byte transmission/ IIC channel 1 102 H'04CC DTCEFO
reception completed)*? (option)
CMI1 (PWCYR1 compare match) PWM 104 H'04D0 DTCEGY
CMI2 (PWCYR2 compare match) 105 H'04D2 DTCEG6
Reserved — 106 H'04D4 —
RMO (HCAN1 mail box 0) HCAN1 107 H'04D6 DTCEG4
Reserved — 108 H'04D8 —
RMO (HCANO mail box 0) HCANO 109 H'04DA DTCEG2
Reserved — 110to 124 H'04DC — Low

to

H'04F8

Notes: *1 DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
*2 1°C bus interface is available as an option in the H8S/2638 and H8S/2639.

These bits become reserved bits when this optional feature is not used or in the

H8S/2636.
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8.3.4 Location of Register Information in Address Space
Figure 8-5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start addres
of the register information (contents of the vector address). In the case of chain transfer, registel

information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: H'FFEBCO to H'FFEFBF).

Lower address

. 0 1 2
Register T T
information — ™| MRA SAR
start address
MRB DAR
Chain CRA CRB
transfer = MRA SAR
MRB DAR
CRA CRB
h 4 bytes o

T

Register information

Register information
for 2nd transfer in
chain transfer

Figure 8-5 Location of Register Information in Address Space
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8.3.5 Normal Mode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended

CPU interrupt can be requested.

Table 8-5 lists the register information in normal mode and figure 9-6 shows memory mapping in

normal mode.

Table 8-5 Register Information in Normal Mode

Name Abbreviation

Function

DTC source address register SAR

Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used
v—\ v—\
SAR —» -— DAR

~N_

Transfer

~N_

Figure 8-6 Memory Mapping in Normal Mode
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8.3.6 Repeat Mode
In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended,
initial state of the transfer counter and the address register specified as the repeat area is restor
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.

Table 8-6 lists the register information in repeat mode and figure 9-7 shows memory mapping in
repeat mode.

Table 8-6  Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used

e e

SAR or DAR or
DAR — ™ Repeat area <:> -— 5AR
Transfer

Figure 8-7 Memory Mapping in Repeat Mode
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8.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or th
transfer destination is designated as a block area.

The block size is 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified as the block area is restored. The other address regist
is then incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended
CPU interrupt is requested.

Table 8-7 lists the register information in block transfer mode and figure 8-8 shows memory
mapping in block transfer mode.

Table 8-7 Register Information in Block Transfer Mode

Name Abbreviation Function

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

DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Transfer count
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H First block

B MM
SAR or B a B DAR or
DAR <:> Block area -— AR

- -| Transfer |-

~ — ~N_

Nth block
m
Figure 8-8 Memory Mapping in Block Transfer Mode
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8.3.8 Chain Transfer

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

Figure 8-9 shows the memory map for chain transfer.

/\_/
Source
/\_/ /\_/
_ _ . ) Destination
Register information
CHNE=1
DTC vector Register information
address start address
Register information
CHNE =0
7 Source
L\ .
) Destination
/—\_/

Figure 8-9 Chain Transfer Memory Map

In the case of transfer with CHNE 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 bit to 1, and the interrupt
source flag for the activation source is not affected.
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8.3.9 Operation Timing

Figures 8-10 to 8-12 show an example of DTC operation timing.

° JUuyubiuuddybdyubL
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

e e
s O OOt SO0
-~ -

Transfer Transfer
information read information write

Figure 8-10 DTC Operation Timing (Example in Normal Mode or Repeat Mode)

o JUuuuuuuUUyUnL
DTC activation

request / \

DTC request / \

Data transfer

Vector read

B T
parss O OO et OO0

- -
Transfer Transfer
information read information write

Figure 8-11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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o vy iriryiuuyyyuy

DTC activation
request J \
DTC
request J \_
Data transfer Data transfer
Vector read B — B —
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure 8-12 DTC Operation Timing (Example of Chain Transfer)

8.3.10 Number of DTC Execution States

Table 8-8 lists execution statuses for a single DTC data transfer, and table 8-9 shows the numbe
of states required for each execution status.

Table 8-8 DTC Execution Statuses

Register Information Internal
Vector Read  Read/Write Data Read Data Write  Operations
Mode I J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table 8-9 Number of States Required for Each Execution Status

On- On-
Chip  Chip  On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 16 8 16 8 8 16 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S, — 1 — — 4 6+2m 2 3+m
status Register S, 1 U —
information
read/write
Byte data read Sy 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 6+2m 2 3+m
Byte data write S, 1 1 2 2 2 3+tm 2 3+m
Word data write S, 1 1 4 2 4 6+2m 2 3+m
Internal operation S,, 1 1 1 1 1 1 1 1

The number of execution states is calculated from the formula below. Nokerttestns the sum
of all transfers activated by one activation event (the number in which the CHNE bit is set to 1,
plus 1).

Number of execution states = 1,463 (J - S+ K- S +L-S)+M - §,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is se
and data is transferred from the on-chip ROM to an internal I/O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the data write is 10 states.
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8.3.11 Procedures for Using DTC

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 the on-chip RAM.

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

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

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

[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC is to continue
transferring data, set the DTCE bit to 1.

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 the on-chip RAM.

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

[3] Check that the SWDTE bit is 0.

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

[5] Check the vector number written to DTVECR.

[6] After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit is held at 1 and a CPU interrupt is requested.

202
HITACHI



8.3.12 Examples of Use of the DTC
(1) Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data via the SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DML :
1, DMO = 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 address in SAR, the start address of the RAM area where the data will be receivec
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 recep
complete (RXI) interrupt. Since the generation of a receive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive el
interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR is setto 1, a
RXI interrupt is generated, and the DTC is activated. The receive data is transferred from RLC
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDRF flag is
automatically cleared to 0.

[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, t
DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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(2) Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG.
Chain transfer can be used to perform pulse output data transfer and PPG output trigger cycle
updating. Repeat mode transfer to the PPG’s NDR is performed in the first half of the chain
transfer, and normal mode transfer to the TPU’s TGR in the second half. This is because clearinc
of the activation source and interrupt generation at the end of the specified number of transfers a
restricted to the second half of the chain transfer (transfer when CHNE = 0).

[1]

(2]

3]

[4]
[5]
[6]

[7]

[8]
[9]

Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 =0,
MDO = 1), and word size (Sz = 1). Set the source side as a repeat area (DTS = 1). Set MRB
chain mode (CHNE = 1, DISEL = 0). Set the data table start address in SAR, the NDRH
address in DAR, and the data table size in CRAH and CRAL. CRB can be set to any value.

Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), normal mode (MD1 =

MDO = 0), and word size (Sz = 1). Set the data table start address in SAR, the TGRA addres
in DAR, and the data table size in CRA. CRB can be set to any value.

Locate the TPU transfer register information consecutively after the NDR transfer register
information.

Set the start address of the NDR transfer register information to the DTC vector address.
Set the bit corresponding to TGIA in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bits in DDR and
NDER for which output is to be performed to 1. Using PCR, select the TPU compare match
to be used as the output trigger.

Set the CST bit in TSTR to 1, and start the TCNT count operation.

Each time a TGRA compare match occurs, the next output value is transferred to NDR and
the set value of the next output trigger period is transferred to TGRA. The activation source
TGFA flag is cleared.

[10] When the specified number of transfers are completed (the TPU transfer CRA value is 0), th
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(3) Software Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by mean
of software activation. The transfer source address is H'1000 and the destination address is
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 destination address (H'2000) in DAI
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'04CO0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activate
by software.

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

[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. This is presumably because an interrupt occurred between ste
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 a block of 128 bytes of data is transferre

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

An interrupt request is issued to the CPU when the DTC finishes the specified number of data
transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt activatiot
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

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

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit is held at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should 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 is set to 1.

8.5 Usage Notes

Module Stop: When the MSTPAG bit in MSTPCRA is set to 1, the DTC clock stops, and the
DTC enters the module stop state. However, 1 cannot be written in the MSTPAG bit while the
DTC is operating.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip
RAM. When the DTC is used, the RAME bit in SYSCR must not be cleared to O.

DTCE Bit Setting: For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR. If all interrupts are masked, multiple activation sources can be set at one time by writing
data after executing a dummy read on the relevant register.
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Section 9 1/O Ports

9.1 Overview

The chip has 10 I/O ports (ports 1, 3 and A to F, H, J), and two input-only port (ports 4 and 9).
Table 9-1 summarizes the port functions. The pins of each port also have other functions.

Each 1/O port includes a data direction register (DDR) that controls input/output, a data register
(DR) that stores output data, and a port register (PORT) used to read the pin states. The input-c
ports do not have a DR or DDR register.

Ports A to E have a built-in pull-up MOS function, and in addition to DR and DDR, have a MOS
input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3, and A to C include an open-drain control register (ODR) that controls the on/off state of
the output buffer PMOS.

When ports 10 to 13 and A to F are used as the output pins for expanded bus control signals, th
can drive one TTL load plus a 90pF capacitance load. Those ports in other cases and ports 14 t
and 3 can drive one TTL load and a 30pF capacitance load. All /O ports can drive Darlington
transistors when set to output.

Port 1 pins (P16 and P14) and port 3 pins (P35 and P32) are Schmitt-trigger inputs.

See appendix C, I/O Port Block Diagrams, for a block diagram of each port.
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Table 9-1

Port Functions

Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port 1 |« 8-bit 1/0 P17/PO15/TIOCB2/ 8 bit 1/0O port also functioning as TPU I/O pins |8-hit I/O port
port TCLKD (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO, also function-
. Schmitt- | P16/PO14/TIOCA2 | TIOCBO, TIOCCO, TIOCDO, TIOCAL, TIOCBL, |ing as TPU 1/0
triggered RQT TIOCA2, TIOCB2), PPG output pins (PO15 to |pins (TCLKA,
; PO8), interrupt input pins (IRQO, IRQ1), and TCLKB,
input (P16,
Pf4) ( P15/PO13/TIOCBY/ address outputs (A20 to A23) TCLKC,
TCLKC TCLKD,
P14/PO12/TIOCA1/ TIOCAO,
IRQO TIOCBO,
P13/PO11/TIOCDO/ TIOCCO,
TCLKB/A23 TIOCDO,
P12/PO10/TIOCCO/ Egggi
TCLKA/A22 TIOCA2,
P11/PO9/TIOCBO/A21 TIOCB2), PPG
P10/PO8/TIOCAO/A20 output pins
(PO15 to
PO8), interrupt
input pins
(IRQO, IRQ1)
Port 3 | 6-bit 110 P35/SCK1/SCLO*/ 6-bit I/0 port also functioning as SCI (channel 0, 1) I/O pins
port IRQ5 (TxDO, RxDO, SCKO, TxD1, RxD1, SCK1), interrupt input pins
- Open-drain |P34/RxD1/SDAO* (IRQ4, TRQ5), IIC (channel 0, 1) /0 pins (SCLO, SDAO, SCL1,
SDA1)*
output P33/TXD1/SCL1* )
capability
P32/SCKO/SDA1*/
* Schmitt- IRQ4
triggered 31/ 0
input (P35, |P31/RXD
P32) P30/TxDO
Port 4 | 8-bitinput |P47 /AN7/DA1 8-bit input port also functioning as A/D converter analog inputs
port P46 JANG/DAO (AN7 to ANO) and D/A converter analog outputs (DA1, DAQ)
P45 /AN5
P44 |AN4
P43 /AN3
P42 /AN2
P41 /AN1
P40/ANO
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port 9 | 4-bitinput |P93/AN11 4-bit input port also functioning as A/D converter analog inputs
port P92/AN10 (AN11 to AN8)
P91/AN9
P90/AN8
Port A |+ 4-bit 110 PA3/A19/SCK2 4-bit I/O port also functioning as SCI (channel |4-bit I/O port
port PA2/A18/RXD2 2) I/0 pins (TxD2, RxD2, SCK2) and address glso function-
« Built-in P ALALT/TXD2 outputs (A19 to A16) ing as SCI
X
MOS input (chaqnel 2)
pull-up PAO/A16 I/0 pins (TxD2,
RxD2, SCK2)

» Open-drain
output
capability

Port B |+ 8-bit I/10 PB7/A15/TIOCB5 8-bit 1/0 port also functioning as TPU /O pins |8-bit I/O port
port PB6/A14/TIOCAS (TIOCBS, TIOCAS, TIOCB4, TIOCA4, TIOCD3,|also o

« Built-in TIOCC3, TIOCB3, TIIOCA3) and address functioning as
MOS input PB5/A13/TIOCB4 outputs (A15 to A8) TPU /O pins
pull-up PB4/A12/TIOCA4 (TIOCBS,

TIOCAS5,

. Open_drain PB3/A11/TIOCD3 T|OCB4,
output PB2/A10/TIOCC3 TIOCA4,
capabilit

PabIY | pB1/AGITIOCES TIochs,
TIOCC3,
PBO/A8/TIOCA3 TIOCBS,
TIOCA3)
Port C |+ 8-bit I/O PC7/A7 8-bit I/O port also functioning as address 1/0 port
port PC6/AG outputs (A7 to AO)

*Buitin - Ipeg/as
MOS input
pu"_up PC4/A4

« Open-drain |PC3/A3
output PC2/A2
capabilit

P y PC1/A1
PCO/A0
Port D | 8-bit I/O PD7/D15 Data bus input/output 1/0 port
port PD6/D14

*Buitin  Ippgp13

MOS input
PD3/D11
PD2/D10
PD1/D9
PDO0/D8
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port E | 8-bit I/0 PE7/D7 In 8-bit-bus mode: I/O port 1/0O port
port PE6/D6 In 16-bit-bus mode: data bus input/output
* Builtin - peg/pg
MOS input
pu”_up PE4/D4
PE3/D3
PE2/D2
PE1/D1
PEO/DO
Port F | 6-bit 110 PF7 /g When DDR = 0: input port When
port When DDR = 1 (after reset): g output DDR =_O (after
reset): input
port
When
DDR=1: 9
output
PF6 /AS RD, HWR, LWR outputs 1/0 port
PF5 /RD ADTRG, IRQS3 input ADTRG, IRQ3
PF4 /AWR nput
PF3/LWR/ADTRG/
IRQ3
PFO/IRQ2 IRQ2 input, 1/O port
Port H |« 8-bit 110 PH7/PWM1H Function as both Motor Control PWM Timer output pins and 8-
port PH6/PWM1G bit 1/0 port.
PH5/PWM1F
PH4/PWM1E
PH3/PWM1D
PH2/PWM1C
PH1/PWM1B
PHO/PWM1A
Port J |« 8-bit I/O PJ7/PWM2H Function as both Motor Control PWM Timer output pins and 8-
port PJ6/IPWM2G bit I/O port.
PJ5/PWM2F
PJ4/PWM2E
PJ3/PWM2D
PJ2/PWM2C
PJ1/PWM2B
PJO/PWM2A

Note: * Pins for I°C bus interface.
I°C bus interface is available as an option in the H8S/2638 and H8S/2639.
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9.2 Port 1

9.2.1 Overview

Port 1 is an 8-bit I/O port. Port 1 pins also function as PPG output pins (PO15 to PO8), TPU I/O
pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO, TIOCAL1,
TIOCB1, TIOCA2, and TIOCB?2), external interrupt piiRQ0 andIRQ1), and address bus
output pins (A23 to A20). Port 1 pin functions change according to the operating mode.

Figure 9-1 shows the port 1 pin configuration.

Port 1 pins
Pin functions in modes 4 to 6

- P17 (1/O) / PO15 (output) / TIOCB2 (I/O) / TCLKD (input)
—= P16 (1/0) / PO14 (output) / TIOCA2 (/0) / TRQT (input)
~— P15 (1/0) / PO13 (output) / TIOCBL1 (1/0O) / TCLKC (input)
—= P14 (1/0) / PO12 (output) / TIOCA1 (1/0) / IRQO (input)
Portt ~—> P13 (I/0) / PO11 (output) / TIOCDO (I/0) / TCLKB (input) / A23 (output)
~— P12 (1/0) / PO10 (output) / TIOCCO (I/0O) / TCLKA (input) / A22 (output)

«—» P11 (I/O)/ PO9 (output) / TIOCBO (I/O) / A21 (output)

~—> P10 (//0) / PO8 (output) / TIOCAO (I/O) / A20 (output)

Pin functions in mode 7

P17 (1/0) / PO15 (output) / TIOCB2 (1/O) / TCLKD (input)
P16 (1/0) / PO14 (output) / TIOCA2 (I/0) / TRQT (input)
P15 (1/0) / PO13 (output) / TIOCB1 (I/O) / TCLKC (input)
P14 (1/0) / PO12 (output) / TIOCAL (I/O) / TRQO (input)
P13 (1/0) / PO11 (output) / TIOCDO (1/O) / TCLKB (input)
P12 (1/0) / PO10 (output) / TIOCCO (I/0) / TCLKA (input)
P11 (I/O)/ PO9 (output) / TIOCBO (I/O)

P10 (1/0) / PO8 (output) / TIOCAO (I/O)

Figure 9-1 Port 1 Pin Functions
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9.2.2 Register Configuration
Table 9-2 shows the port 1 register configuration.

Table 9-2  Port 1 Registers

Name Abbreviation R/W Initial Value Address  *
Port 1 data direction register P1DDR W H'00 H'FE30
Port 1 data register P1DR R/W H'00 H'FF00
Port 1 register PORT1 R Undefined H'FFBO

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit L7 6 5 4 3 2 1 0

| P17DDR | P16DDR| P15DDR | P14DDR| P13DDR | P12DDR| P11DDR | PLODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w W W W W w w

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. P1DDR cannot be read; if it is, an undefined value will be read.

Setting a P1DDR bit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port 1 Data Register (P1DR)

Bit L7 6 5 4 3 2 1 0

| P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P1ODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10

P1DR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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Port 1 Register (PORT1)

Bit L7 6 5 4 3 2 1 0

| P17 | P16 | P15 | P14 | P13 | P12 | PIL | P10 |
Initial value : —* —* —* —x % _x % _
RIW . R R R R R R R R

Note: * Determined by state of pins P17 to P10.

PORT1 is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P17 to P10) must always be performed on P1DR.

If a port 1 read is performed while P1DDR bits are set to 1, the P1DR values are read. If a port !
read is performed while P1DDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORT1 contents are determined by the pin states,
P1DDR and P1DR are initialized. PORT1 retains its prior state in software standby mode.
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9.2.3 Pin Functions

Port 1 pins also function as PPG output pins (PO15 to PO8), TPU I/O pins (TCLKA, TCLKB,
TCLKC, TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and
TIOCB?2), external interrupt input pinsRQ0 andIRQ1), and address bus output pins (A23 to
A20). Port 1 pin functions are shown in table 9-3.

Table 9-3  Port 1 Pin Functions

Pin Selection Method and Pin Functions
P17/PO15/ The pin function is switched as shown below according to the combination of
TIOCB2/ the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOB3 to IOB0O
TCLKD in TIOR2, and bits CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO0 in
TCRO and TCRS5, bit NDER15 in NDERH, and bit P17DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P17DDR — 0 1 1
NDER15 — — 0 1
Pin function TIOCB2 output P17 P17 PO15
input output output
TIOCB2 input **
TCLKD input *?

Notes: *1 TIOCB2 input when MD3 to MDO = B'0000 or B'01xx, and IOB3 =
1.
*2 TCLKD input when the setting for either TCRO or TCR5 is: TPSC2
to TPSCO =B'111.
TCLKD input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
2 Setting (2) (2) (2) (2) @ @
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'1xXxX B'0101 to

B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output

x: Don't care
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Pin

Selection Method and Pin Functions

P16/PO14/
TIOCA2/
IRQ1

The pin function is switched as shown below according to the combination of
the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOA3 to IOA0
in TIOR2, and bits CCLR1 and CCLRO in TCR2), bit NDER14 in NDERH, and

bit PA6DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P16DDR — 0 1 1
NDER14 — — 0 1
Pin function TIOCAZ2 output P16 P16 PO14 output
input output
TIOCAZ input **
IRQ1 input
TPU Channel
2 Setting 2 @) )] (@) (@) 2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxXx B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output *?| output
x: Don't care

Notes: *1 TIOCAZ2 input when MD3 to MDO = B'0000 or B'01xx, and I0A3 =

1

*2 TIOCB2 output is disabled.
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Pin

Selection Method and Pin Functions

P15/PO13/ The pin function is switched as shown below according to the combination of
TIOCB1/TCLKC  the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOB3 to IOB0O
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO0 in
TCRO, TCR2, TCR4, and TCRS5, bit NDER13 in NDERH, and bit P15DDR.
TPU Channel
1 Setting Table Below (1) Table Below (2)
P15DDR — 0 1 1
NDER13 — — 0 1
Pin function TIOCBL1 output P15 P15 PO13
input output output
TIOCB1 input **
TCLKC input *?
Notes: *1 TIOCB1 input when MD3 to MDO = B'0000 or B'01xx, and I0B3
to IOBO = B'10xx.
*2 TCLKC input when the setting for either TCRO or TCR2 is: TPSC2
to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is
TPSC2 to TPSCO = B'101.
TCLKC input when channels 2 and 4 are set to phase counting
mode.
TPU Channel
1 Setting (2) (1) (2) (2) (1) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Pin

Selection Method and Pin Functions

P14/PO12/
TIOCAL/IRQO

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOA0
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bit NDER12 in NDERH, and

bit P14DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)

P14DDR — 0 1 1

NDER12 — — 0 1
Pin function TIOCAZ1 output P14 P14 PO12

input output output
TIOCA1 input **
IRQO input

TPU Channel

1 Setting (2) (1) 2 (1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to, B'xx00 Other than B'xx00

B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output

x: Don't care

Notes: *1 TIOCA1L input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
IOAQ = B"10xx.

*2 TIOCBL1 output is disabled.
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Pin

Selection Method and Pin Functions

P13/PO11/
TIOCDO/TCLKB/
A23

The pin function is switched as shown below according to the combination of
the operating mode, and the TPU channel O setting (by bits MD3 to MDO in
TMDRO, bits IOD3 to I0DO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO),
bits TPSC2 to TPSCO in TCRO to TCR2, bits AE3 to AEO in PFCR, bit

NDER11 in NDERH, and bit P13DDR.

Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P13DDR — 0 1 1 —
NDER11 — — 0 1 —
Pin function TIOCDO | P13 input | P13 output PO11 A23 output
output output
TIOCDO input **
TCLKB input *?
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Table Below (2)
0 Setting Below (1)
P13DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCDO P13 input P13 output | PO11 output
output

TIOCDO input **

TCLKB input *?

Notes: *1 TIOCDO input when MD3 to MDO = B'0000, and 10D3 to I0DO0 =
B'10xx.

*2 TCLKB input when the setting for TCRO to TCR2 is: TPSC2 to
TPSCO = B'101.

TCLKB input when channels 1 and 5 are set to phase counting

mode.
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Pin Selection Method and Pin Functions
P13/PO11/ TPU Channel
TIOCDO/TCLKB/ | 0 Setting 2 (@D)] )] )] @ 2)
AZ3 MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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Pin

Selection Method and Pin Functions

P12/PO10/ The pin function is switched as shown below according to the combination of
TIOCCO/TCLKA/  the operating mode, and the TPU channel O setting (by bits MD3 to MDO in
A22 TMDRO, bits IOC3 to IOCO in TIOROL, and bits CCLR2 to CCLRO in TCRO),
bits TPSC2 to TPSCO in TCRO to TCRS5, bits AE3 to AEO in PFCR, bit
NDER10 in NDERH, and bit P12DDR.
Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P12DDR — 0 1 1 —
NDER10 — — 0 1 —
Pin function TIOCCO P12 P12 PO10 A22 output
output input output output
TIOCCO input **
TCLKA input *?
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Table Below (2)
0 Setting Below (1)
P12DDR — 0 1 1
NDER10 — — 0 1
Pin function TIOCCO P12 input P12 output | PO10 output
output
TIOCCO input **
TCLKA input *?
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Pin Selection Method and Pin Functions
P12/P0O10/ TPU Channel
TIOCCO/TCLKA/ | O Setting 2) (1) 2) (1) (1) 2)
A22 MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*® | output
x: Don't care
Notes: *1 TIOCCO input when MD3 to MDO = B'0000, and IOC3 to I0CO =
B'10xx.
*2 TCLKA input when the setting for TCRO to TCR5 is: TPSC2 to
TPSCO = B'100.
TCLKA input when channels 1 and 5 are set to phase counting
mode.

*3 TIOCDO output is disabled.

When BFA =1 or BFB = 1 in TMDRO, output is disabled and setting
(2) applies.
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Pin

Selection Method and Pin Functions

P11/PO9/TIOCBO/ The pin function is switched as shown below according to the combination of

A21 the operating mode, and the TPU channel O setting (by bits MD3 to MDO in
TMDRO, and bits IOB3 to I0BO0 in TIOROH), bits AE3 to AEO in PFCR, bit
NDER9 in NDERH, and bit P11DDR.

Operating Modes 4 to 6

mode

AE3 to AEO B'0000 to B'1101 B'1110 to

B'1111

TPU Channel Table Table Below (2) —

0 Setting Below (1)

P11DDR — 0 1 1 —
NDER9 — — 0 1 —
Pin function TIOCBO P11 P11 PO9 A21 output

output input output output
TIOCBO input *

Operating Mode 7

mode

AE3 to AEO —

TPU Channel Table Table Below (2)

0 Setting Below (1)

P11DDR — 0 1 1
NDER9 — — 0 1

Pin function TIOCBO P11 P11 PO9

output input output output
TIOCBO input *
Note: * TIOCBO input when MD3 to MDO = B'0000, and IOB3 to IOB0 =
B'10xx.
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Pin Selection Method and Pin Functions
P11/PQO9/TIOCBO/ | TPU Channel
A21 0 Setting 2 (@D)] )] )] @ 2)
MD3 to MDO B'0000 B'0010 B'0011
I0OB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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Pin Selection Method and Pin Functions

P10/PO8/TIOCAO0/ The pin function is switched as shown below according to the combination of

A20 the operating mode, and the TPU channel O setting (by bits MD3 to MDO in
TMDRO, bits IOA3 to IOAQ in TIOROH, and bits CCLR2 to CCLRO in TCRO),
bits AE3 to AEO in PFCR, bit NDERS8 in NDERH, SAEO bit in DMABCRH, and

bit P1ODDR.
Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1101 to
B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P10DDR — 0 1 1 —
NDERS8 — — 0 1 —
Pin function TIOCAO P10 P10 POS8 A20 output
output input output output
TIOCAO input **
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Table Below (2)
0 Setting Below (1)
P10DDR — 0 1 1
NDERS8 — — 0 1
Pin function TIOCAO P10 P10 PO8
output input output output
TIOCAOQ input **
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Pin Selection Method and Pin Functions
P10/PO8/TIOCAO/ | TPU Channel
A20 0 Setting 2 (@D)] )] @ @ 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOA0 | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care

Notes: *1 TIOCAO input when MD3 to MDO = B'0000, and IOA3 to IOAQ =
B'10xx.

*2 TIOCBO output is disabled.
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9.3 Port 3

9.3.1 Overview

Port 3 is an 6-bit I/O port. Port 3 is a multi-purpose port for SCI I/O pins (TxD0, RxDO0, SCKO,
TxD1, RxD1, SCK1), external interrupt input pii&Q4, IRQ5), and IIC 1/O pins* (SCLO,

SDAO, SCL1, SDA1). All of the port 3 pin functions have the same operating mode. The
configuration for each of the port 3 pins is shown in figure. 9-2.

Note: * Available when using’C bus interface as an option in the H8S/2638 and H8S/2639.

Port 3 pins

~-—— P35 (I/0) / SCK1 (I/0) / SCLO* (I/0) / IRQ5 (input)
~—— P34 (1/0) / RxD1 (input) / SDAO* (1/O)
~«—— P33 (I/0) / TxD1 (input) / SCL1* (I/O)
Port 3
——— P32 (I1/0) / SCKO (I/0) / SDA1* (1/O) / IRQ4 (input)

~«—— P31 (//0) / RxDO (input)

~«—— P30 (I//0) / TxDO (output)

Note: * Available when using 12C bus interface as an option in the H8S/2638 and H8S/2639.

Figure 9-2 Port 3 Pin Functions

9.3.2 Register Configuration
Table 9-4 shows the configuration of port 3 registers.

Table 9-4  Port 3 Register Configuration

Name Abbreviation ~ R/W Initial Value *® Address **
Port 3 data direction register P3DDR w B 000000 H'FE32
Port 3 data register P3DR R/W B 000000 H'FF02
Port 3 register PORT3 R Undefined H'FFB2
Port 3 open drain control register P30ODR R/W B 000000 H'FE46

Notes: *1 Indicates the lower-place 16 bits.
*2 Indicates the values for bits 0 to 5.
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Port 3 Data Direction Register (P3DDR)

Bit 7 6 5 4 3 2 1 0

| — | — |P35DDR|P34DDR |P33DDR | P32DDR| P31DDR| P30DDR |
Initial value  Undefined Undefined 0 0 0 0 0 0
Read/Write — — W W W W W W

P3DDR is an 8-bit write-dedicated register, which specifies the I/O for each port 3 pin by bit.
Read is disenabled. If a read is carried out, undefined values are read out.

By setting P3DDR to 1, the corresponding port 3 pins become output, and be clearing to 0 they
become input.

P3DDR is initialized to B**000000 by a reset and in hardware standby mode. The previous stat
is maintained in software standby mode. The pin state is determined by specifying SCI, IIC,
P3DDR, and P3DR.

Port 3 Data Register (P3DR)

Bit 7 6 5 4 3 2 1 0

| — | — | P3sDR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value  Undefined Undefined 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

P3DR is an 8-bit readable/writable register, which stores the output data of port 3 pins (P35 to
P30).

P3DR is initialized to B**000000 by a reset and in hardware standby mode. The previous state
maintained in software standby mode.
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Port 3 Register (PORT3)

Bit 7 6 5 4 3 2 1 0

| — | — | pss | Paa | pPaz | P32 | P31 | P30 |
Initial value  Undefined Undefined = —* —* —* —* —* —*
Read/Write — — R R R R R R

Note: * Determined by the state of pins P35 to P30.
PORT3 is an 8-bit read-dedicated register, which reflects the state of pins. Write is disenabled.

Always carry out writing off output data of port 3 pins (P35 to P30) to P3DR without fail.

When P3DDR is set to 1, if port 3 is read, the values of P3DR are read. When P3DDR is cleared
0, if port 3 is read, the states of pins are read out.

P3DDR and P3DR are initialized by a reset and in hardware standby mode, so PORT3 is
determined by the state of the pins. The previous state is maintained in software standby mode.

Port 3 Open Drain Control Register (P30DR)

Bit 7 6 5 4 3 2 1 0

| — | — |P350DR|P340DR |P330DR | P320DR| P310DR| P30ODR |
Initial value  Undefined Undefined 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

P30ODR is an 8-bit readable/writable register, which controls the on/off of port 3 pins (P35 to P30

By setting P30ODR to 1, the port 3 pins become an open drain out, and when cleared to 0 they
become CMOS output.

P30ODR is initialized to B**000000 by a reset and in hardware standby mode. The previous state
is maintained in software standby mode.
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9.3.3 Pin Functions

The port 3 pins double as SCI I/O input pins (TxDO, RxD0, SCKO, TxD1, RxD1, and SCK1)
external interrupt input pingdRQ4 andIRQ5), and IIC I/O pins (SCLO, SDAO, SCL1, and SDA1).
The functions of port 3 pins are shown in Table 9-5.

Table 9-5 Port 3 Pin Functions
Pin Selection Method and Pin Functions
P35/SCK1/  Switches as follows according to combinations of ICCRO ICE bit** of 11CO, bit C/A of

SCLO*/IRQ5 SMR1, bits CKEO and CKE1 of SCR1, and bit P35DDR.

When used as a SCLO I/O pin, always be sure to clear the following bits to 0: bit C/A
of SMR1, and bits CKEOQ and CKE1 of SCR1. The SCLO output format is NMOS

open drain output, enabling direct bus driving.

ICE*! 0 1

CKE1 1 0

C/A 0 1 — 0

CKEO 0 1 — — 0

P35DDR 0 1 — — — —

Pin function P35 P35 SCK1 SCK1 SCK1 SCLO
input output* output* output* input 110

IRQ5 input

Note: * When P350DR = 1, it becomes NMOS open drain output*?.

P34/RxD1/ Switches as follows according to combinations of ICCRO ICE bit** of 1ICO, bit RE of
SDAO**! SCR1 and bit P34DDR. The SDAO output format is NMOS open drain output,
enabling direct bus driving.
ICE** 0 1
RE 0 1 —
P34DDR 0 1 — —
Pin function P34 input P34 output* RxD1 input SDAO I/0
Note: * When P340DR = 1, it becomes NMOS open drain output*?.
P33/TxD1/ Switches as follows according to combinations of ICCR1 ICE bit** of 1IC1, bit TE of
SCL1** SCR1 and bit P33DDR. The SCL1 output format is NMOS open drain output,
enabling direct bus driving.
ICE*" 0 1
TE 0 1 —
P33DDR 0 1 — —
Pin function P33 input P33 output* TxD1 output* SCL11/O0

Note: * When P330DR = 1, it becomes NMOS open drain output.
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Pin

Selection Method and Pin Functions

P32/SCKO0/

Switches as follows according to combinations of ICCR1 ICE bit** of IIC1, bit C/A of
SDA1*!/IRQ4 SMRO, bits CKEO and CKE1 of SCRO, and bit P32DDR. Whgn used as a SDA1 I/O
pin, always be sure to clear the following bits to 0: SMRO C/A bit, SCR0O CKEO and

CKEL1 bits.

The SDAL1 output format is NMOS open drain output, enabling direct bus driving.
ICE*! 0 1
CKE1l 0 1 0
C/A 0 1 — 0
CKEO 0 1 — — 0
P32DDR 0 1 — — — —
Pin function P32 P32 SCKO SCKO SCKO SDAl

input output output* output* input 110
IRQ4 input

Note: * When P320DR = 1, it becomes NMOS open drain output.

P31/RxD0/ Switches as follows according to combinations of bit RE of SCRO and bit P31DDR.
IrRxD

RE 0 1

P31DDR 0 1 —

Pin function P31 input P31 output* RxDO input

Note: * When P310DR = 1, it becomes NMOS open drain output.
P30/TxD0/ Switches as follows according to combinations of bit TE of SCRO and bit P30DDR.
IrTxD

TE 0 1
P30DDR 0 1 —
Pin function P30 input P30 output* TxDO output*

Note: * When P300DR = 1, it becomes NMOS open drain output.

Notes: *1 Available when using I1>C bus interface as an option (available in the H8S/2638 and

H8S/2639 only).

*2 When using the I°C bus interface in the H8S/2638 and H8S/2639, the output format for
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94 Port 4

9.4.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as A/D converter analog input pins
(ANO to AN7) and D/A converter analog output pins (DAO, DA1). Port 4 pin functions are the
same in all operating modes. Figure 9-3 shows the port 4 pin configuration.

Port 4 pins

~—— P47 (input) / AN7 (input) / DA1 (output)
~+—— P46 (input) / ANG6 (input) / DAO (output)
+—— P45 (input) / AN5 (input)

Port 4 —— P44 (input) / AN4 (input)

~+—— P43 (input) / AN3 (input)
+—— P42 (input) / AN2 (input)
—— P41 (input) / AN1 (input)
~+—— P40 (input) / ANO (input)

Figure 9-3 Port 4 Pin Functions

231
HITACHI



9.4.2 Register Configuration

Table 9-6 shows the port 4 register configuration. Port 4 is an input-only port, and does not have
data direction register or data register.

Table 9-6  Port 4 Registers

Name Abbreviation R/W Initial Value Address *
Port 4 register PORT4 R Undefined H'FFB3
Note: * Lower 16 bits of the address.

Port 4 Register (PORT4): The pin states are always read when a port 4 read is performed.

Bit L7 6 5 4 3 2 1 0

| P47 | Pa6 | P45 | Pa4 | P43 | P42 | Pa1 | Pao |
Initial value : —* —* —* —x % _x _x %
RIW . R R R R R R R R

Note: * Determined by state of pins P47 to P40.

9.4.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANO to AN7) and D/A converter
analog output pins (DAO and DA1).
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95 Port 9

951 Overview

Port 9 is a 4-bit input-only port. Port 9 pins also function as A/D converter analog input pins (AN
to AN11). Port 9 pin functions are the same in all operating modes. Figure 9-4 shows the port 9
pin configuration.

Port 9 pins

~—— P93 (input) / AN11 (input)
—— P92 (input) / AN10 (input)
Port 9
~—— P91 (input) /AN9 (input)

—— P90 (input) / AN8 (input)

Figure 9-4 Port 9 Pin Functions
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9.5.2 Register Configuration

Table 9-7 shows the port 9 register configuration. Port 9 is an input-only port, and does not have
data direction register or data register.

Table 9-7  Port 9 Registers

Name Abbreviation R/W Initial Value Address *
Port 9 register PORT9 R Undefined H'FFB8
Note: * Lower 16 bits of the address.

Port 9 Register (PORT9): The pin states are always read when a port 9 read is performed.

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | P3| P92 | Por | P90 |
Initial value : —* —* —* —x % _x _x %
RIW - — — — R R R R

Note: * Determined by state of pins P93 to P90.

9.5.3 Pin Functions

Port 9 pins also function as A/D converter analog input pins (AN8 to AN11) are multipurpose pins
which function as A/D converter analog input pins (AN8 to AN11).
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9.6 Port A

9.6.1 Overview

Port A is a 4-bit I/0 port. Port A pins also function as address bus outputs and SCI2 I/O pins
(SCK2, RxD2, and TxD2). The pin functions change according to the operating mode.

Port A has a built-in MOS input pull-up function that can be controlled by software.

Figure 9-5 shows the port A pin configuration.

Port A pins Pin functions in modes 4 to 6
— PA3/A19/SCK2 PA3 (I/0) / A19 (output) / SCK2 (I/0)
Port A ~— PA2/A18/RxD2 PAZ2 (1/0) / A18 (output) / RxD2 (input)
—» PA1/A17/TXD2 PAL (1/O) / A17 (output) / TxD2 (output)
- PAQO/AL6 PAO (1/0) / A16 (output)

Pin functions in mode 7
PA3 (I/0) / SCK2 (output)

PA2 (1/0) / RxD2 (input)
PA1 (1/0) / TxD2 (output)

PAO (1/0)

Figure 9-5 Port A Pin Functions
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9.6.2 Register Configuration
Table 9-8 shows the port A register configuration.

Table 9-8 Port A Registers

Name Abbreviation RIW Initial Value **>  Address **
Port A data direction register PADDR w H'0 H'FE39
Port A data register PADR R/W H'0 H'FF09
Port A register PORTA R Undefined H'FFB9
Port A MOS pull-up control register PAPCR R/W H'0 H'FF40
Port A open-drain control register PAODR R/W H'0 H'FF47

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 3 to 0.

Port A Data Direction Register (PADDR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — |PA3DDR| PA2DDR|PAIDDR PAODDR|
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — W W w w

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port A. PADDR cannot be read; if it is, an undefined value will be read.

Bits 7 to 4 are reserved; they return an undetermined value if read.

PADDR is initialized to H'O (bits 3 to 0) by a reset, and in hardware standby mode. It retains its
prior state in software standby mode. The OPE bit in SBYCR is used to select whether the addre
output pins retain their output state or become high-impedance when a transition is made to
software standby mode.

e Modes4to6

The corresponding port A pins become address outputs in accordance with the setting of bits
AE3 to AEO in PFCR, irrespective of the value of bits PA3DDR to PAODDR. When pins are
not used as address outputs, setting a PADDR bit to 1 makes the corresponding port A pin an
output port, while clearing the bit to O makes the pin an input port.

e Mode 7

Setting a PADDR bit to 1 makes the corresponding port A pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port A Data Register (PADR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | PA3DR| PA2DR| PAIDR | PAODR |
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RW RW RW  RW

PADR is an 8-bit readable/writable register that stores output data for the port A pins (PA3 to
PAO).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

PADR is initialized to H'0 (bits 3 to 0) by a reset, and in hardware standby mode. It retains its
prior state in software standby mode.

Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | — | pPa3 | PA2 | PAL | PAO |
Initial value : Undefined Undefined Undefined Undefined —* —* —* —*
R/W : — — — — R R R R

Note: * Determined by state of pins PA3 to PAO.

PORTA is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA3 to PAO) must always be performed on PADR.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

If a port A read is performed while PADDR bits are set to 1, the PADR values are read. If a port
read is performed while PADDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTA contents are determined by the pin states.
PADDR and PADR are initialized. PORTA retains its prior state in software standby mode.
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Port A MOS Pull-Up Control Register (PAPCR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — |PA3PCR| PA2PCR| PAIPCR| PAOPCR)
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RW RW RW  RW

PAPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port A on an individual bit basis.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified. In
modes 4 to 6, if a pin is in the input state in accordance with the settings in PFCR, in the SCI's
SCMR, SMR, and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

In mode 7, if a pin is in the input state in accordance with the settings in the SCI's SCMR, SMR,
and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up
for that pin.

PAPCR is initialized by a reset or to H'0 (bits 3 to 0), and in hardware standby mode. It retains its
prior state in software standby mode.

Port A Open Drain Control Register (PAODR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — |PA30DR|PA20DR| PALODR| PAOODR]
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RW  RW RW  RW

PAODR is an 8-bit readable/writable register that controls whether PMOS is on or off for each
port A pin (PA3 to PAO).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

When pins are not address outputs in accordance with the setting of bits AE3 to AEO in PFCR,
setting a PAODR bit makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PAODR is initialized to H'O (bits 3 to 0) by a reset, and in hardware standby mode. It retains its
prior state in software standby mode.
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9.6.3 Pin Functions

Port A pins also function as SCI input/output pins (TxD2, RxD2, SCK2) and address bus output
pins (A19 to A16). Port A pin functions are shown in table 9-9.

Table 9-9  Port A Pin Functions

Pin Selection Method and Pin Functions

PA3/A19/SCK2  The pin function is switched as shown below according to the operating mode,
bits AE3 to AEO in PFCR, bit C/A in SMR and bits CKEO and CKEL1 in SCR of
SCI2, and bit PASDDR.

Operating mode Modes 4 to 6

AE3 to AEO B'0000 to B'1011 B'1100 to B'1111

CKE1l 0 1 —

C/A 0 1 — —

CKEO 0 1 — — —

PA3DDR 0 1 — — — —

Pin function PA3 PA3 | SCK2 | SCK2 | SCK2 A19 output
input | output | output | output | input

Operating mode Mode 7

CKE1l 0 1

C/IA 0 1 —

CKEO 0 1 — —

PA3DDR 0 1 — — —

Pin function PA3 PA3 SCK2 SCK2 SCK2
input output output output input
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Pin Selection Method and Pin Functions
PA2/A18/RxD2  The pin function is switched as shown below according to the operating mode,
bits AE3 to AEO in PFCR, bit RE in SCR of SCI2, and bit PA2DDR.
Operating mode Modes 4 to 6
AE3 to AEO B'0000 to B'1011 B'1011to B'1111
RE 0 1 —
PA2DDR 0 1 — —
Pin function PA2 input PA2 output | RxD2 input A18 output
Operating mode Mode 7
RE 0 1
PA2DDR 0 1 —
Pin function PA2 input PA2 output RxD2 input
PA1/A17/TxD2  The pin function is switched as shown below according to the operating mode,
bits AE3 to AEO in PFCR, bit TE in SCR of SCI2, and bit PA1DDR.
Operating mode Modes 4 to 6
AE3 to AEO B'0000 to B'1001 B'1010 to B'1111
TE 0 1 —
PA1DDR 0 1 — —
Pin function PAL1 input PA1 output | TxD2 output A17 output
Operating mode Mode 7
TE 0 1
PA1DDR 0 1 —
Pin function PAL input PAL1 output TxD2 output
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Pin Selection Method and Pin Functions

PAO/A16 The pin function is switched as shown below according to the operating mode,
bits AE3 to AEO in PFCR, and bit PAODDR.
Operating mode Modes 4 to 6
AE3 to AEO B'0000 to B'1000 B'1001 to B'1111
PAODDR 0 1 —
Pin function PAO input PAO output A16 output
Operating mode Mode 7
PAODDR 0 1
Pin function PAO input PAO output

9.6.4 Pin Functions

Modes 4 to 6:In modes 4 to 6, port A pins function as address outputs according to the setting o
AE3 to AEO in PFCR; when they do not function as address outputs, the pins function as SCI 1/(
pins and 1/O ports.

Port A pin functions in modes 4 to 6 are shown in figure 9-6.

-— PA3 (I/O) / A19 (output) / SCK2 (I/O)
~— PA2 (I/O) / A18 (output) / RxD2 (input)
—» PA1 (I1/0) / A17 (output) / TxD2 (output)
~+— PAQ (I/0) / A16 (output)

Port A

Figure 9-6 Port A Pin Functions (Modes 4 to 6)

Mode 7:In mode 7, port A pins function as I/O ports and SCI2 I/O pins (SCK2, TxD2, RxD2).
Input or output can be specified for each pin on an individual bit basis. Setting a PADDR bit to 1
makes the corresponding port A pin an output port, while clearing the bit to 0 makes the pin an
input port.

Port A pin functions are shown in figure 9-7.
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[—» PA3 (I/0) / SCK2 (1/O)
[—» PA2 (I/0O) / RxD2 (input
Port A (Vo) (input)
— PA1 (I/O) / TxD2 (output)

~—» PAOQ (I/O)

Figure 9-7 Port A Pin Functions (Mode 7)

9.6.5 MOS Input Pull-Up Function

Port A has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if a pin is in the input state in accordance with the settings in PFCR, in the SCI's
SCMR, SMR, and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

In mode 7, if a pin is in the input state in accordance with the settings in the SCI's SCMR, SMR,
and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up
for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9-10summarizes the MOS input pull-up states.

Table 9-10 MOS Input Pull-Up States (Port A)

Hardware Software In Other
Pin States Reset Standby Mode Standby Mode Operations
Address output or OFF OFF OFF OFF
SCI output
Other than above ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PADDR = 0 and PAPCR = 1; otherwise off.
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9.7 Port B

9.7.1 Overview

Port B is an 8-bit I/O port. Port B pins also function as TPU I/O pins (TIOCA3, TIOCB3,
TIOCC3, TIOCD3, TIOCA4, TIOCB4, TIOCA5, TIOCB5) and as address outputs; the pin

functions change according to the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 9-8 shows the port B pin configuration.

Port B pins Pin functions in modes 4 to 6
—» PB7/A15/TIOCB5 PB7 (input) / A15 (output) / TIOCBS (I/O)
~— PB6/A14/TIOCA5 PB6 (input) / A14 (output) / TIOCAS (I/0)
—» PB5/A13/TIOCB4 PB5 (input) / A13 (output) / TIOCB4 (1/0)
la—» PB4/A12/TIOCA4 PB4 (input) / A12 (output) / TIOCA4 (I/O)
PortB |4 » PB3/A11/TIOCD3 PB3 (input) / A11 (output) / TIOCD3 (1/O)
l«—» PB2/A10/TIOCC3 PB2 (input) / A10 (output) / TIOCC3 (I/O)
'«—» PB1/A9 /TIODB3 PB1 (input) /A9 (output) / TIOCB3 (I/O)
—m PB0/A8 /TIOCA3 PBO (input) / A8 (output) / TIOCAS3 (I/0)

Pin functions in mode 7

PB7 (1/0) / TIOCBS5 (1/0)
PB6 (1/0) / TIOCAS5 (1/0)
PBS5 (1/0) / TIOCB4 (1/0)
PB4 (1/0) / TIOCA4 (I/O)
PB3 (1/0) / TIOCD3 (I/O)
PB2 (1/0) / TIOCC3 (I/O)
PB1 (1/0) / TIOCB3 (1/0)
PBO (1/0) / TIOCA3 (1/0)

Figure 9-8 Port B Pin Functions
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9.7.2 Register Configuration
Table 9-10 shows the port B register configuration.

Table 9-10 Port B Registers

Name Abbreviation R/W Initial Value Address *
Port B data direction register PBDDR W H'00 H'FE3A
Port B data register PBDR R/W H'00 H'FFOA
Port B register PORTB R Undefined H'FFBA
Port B MOS pull-up control register PBPCR R/W H'00 H'FF41
Port B open-drain control register PBODR R/W H'00 H'FE48

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit L7 6 5 4 3 2 1 0
|PB7DDR | PB6DDR| PBSDDR | PB4DDR| PB3DDR | PB2DDR| PB1DDR| PBODDR|

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w W W w w

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pin:
retain their output state or become high-impedance when a transition is made to software standb
mode.

e Modes4to6

The corresponding port B pins become address outputs in accordance with the setting of bits
AE3 to AEO in PFCR, irrespective of the value of the PBDDR bits. When pins are not used as
address outputs, setting a PBDDR bit to 1 makes the corresponding port B pin an output port,
while clearing the bit to 0 makes the pin an input port.

e Mode 7

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port B Data Register (PBDR)

Bit L7 6 5 4 3 2 1 0

| PB7DR | PB6DR | PBSDR | PB4DR | PB3DR | PB2DR | PBIDR | PBODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBDR is an 8-bit readable/writable register that stores output data for the port B pins (PB7 to
PBO0). PBDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior
state in software standby mode.

Port B Register (PORTB)

Bit L7 6 5 4 3 2 1 0

| PB7 | PB6 | PBS | PB4 | PB3 | PB2 | PBL | PBO |
Initial value : —* —* —* % _* _x _ %
RIW . R R R R R R R R

Note: * Determined by state of pins PB7 to PBO.

PORTB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB7 to PB0) must always be performed on PBDR.

If a port B read is performed while PBDDR bits are set to 1, the PBDR values are read. If a port
read is performed while PBDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTB contents are determined by the pin states
PBDDR and PBDR are initialized. PORTB retains its prior state in software standby mode.
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Port B MOS Pull-Up Control Register (PBPCR)

Bit L7 6 5 4 3 2 1 0

| PB7PCR| PB6PCR PBSPCR| PBAPCR| PB3PCR| PB2PCR| PBIPCR| PBOPCR]
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port B on an individual bit basis.

In modes 4 to 6, if a pin is in the input state in accordance with the settings in PFCR, in the TPU’:
TIOR, and in DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for
that pin.

In mode 7, if a pin is in the input state in accordance with the settings in the TPU’s TIOR and in
DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for that pin.

PBPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port B Open Drain Control Register (PBODR)

Bit L7 6 5 4 3 2 1 0
|PB7ODR | PB6ODR PBSODR | PB4ODR| PB3ODR | PB20DR| PBLODR| PBOODR]

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PBODR is an 8-bit readable/writable register that controls the PMOS on/off state for each port B
pin (PB7 to PBO).

When pins are not address outputs in accordance with the setting of bits AE3 to AEO in PFCR,
setting a PBODR bit makes the corresponding port B pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PBODR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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9.7.3 Pin Functions

Modes 4 to 6:In modes 4 to 6, the corresponding port B pins become address outputs in
accordance with the setting of bits AE3 to AEO in PFCR. When pins are not used as address
outputs, they function as TPU 1/O pins and 1/O ports.

Port B pin functions in modes 4 to 6 are shown in figure 9-9.

Port B

PB7 (1/0) / A15 (output) / TIOCBS (1/O)
PB6 (1/0) / Al4 (output) / TIOCAS (1/O)
PB5 (I/0) / A13 (output) / TIOCBA4 (I/O)
PB4 (I/0) / A12 (output) / TIOCA4 (I/O)
PB3 (1/0) / Al1 (output) / TIOCD3 (I/O)
PB2 (I/0) / A10 (output) / TIOCC3 (1/O)
PB1 (1/O) / A9 (output) / TIOCBS3 (I/0)
PBO (/0) / A8 (output) / TIOCAS (1/O)

Figure 9-9 Port B Pin Functions (Modes 4 to 6)

Mode 7:In mode 7, port B pins function as I/O ports and TPU I/O pins (TIOCA3, TIOCB3,
TIOCC3, TIOCD3, TIOCA4, TIOCB4, TIOCA5, and TIOCBS). Input or output can be specified
for each pin on an individual bit basis. Setting a PBDDR bit to 1 makes the corresponding port E
pin an output port, while clearing the bit to 0 makes the pin an input port.

Port B pin functions in mode 7 are shown in figure 9-10.

Port B

~—» PB7 (I/O) / TIOCBS (I/O)
= PB6 (I/O) / TIOCAS (I/O)
«—» PB5 (I/O) / TIOCB4 (I/O)
> PB4 (I/0) / TIOCAA4 (I/O)
~—» PB3 (I/0) / TIOCD3 (1/0)
«—» PB2 (I/0) / TIOCC3 (1/0)
= PBL1 (I/O) / TIOCBS3 (I/O)
«—» PBO (I/O) / TIOCA3 (I/O)

Figure 9-10 Port B Pin Functions (Mode 7)
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9.7.4 MOS Input Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if a pin is in the input state in accordance with the settings in PFCR, in the TPU’:
TIOR, and in DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for
that pin.

In mode 7, if a pin is in the input state in accordance with the settings in the TPU’s TIOR and in
DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained by a manual reset or in software standby mode.

Table 9-11 summarizes the MOS input pull-up states.

Table 9-11 MOS Input Pull-Up States (Port B)

Hardware Software In Other
Pin States Reset Standby Mode  Standby Mode Operations
Address output or OFF OFF OFF OFF
TPU output
Other than above ON/OFF ON/OFF
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PBDDR = 0 and PBPCR = 1; otherwise off.
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9.8 Port C

9.8.1 Overview

Port C is an 8-bit I/O port. Port C has an address bus output function. The pin functions changg
according to the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 9-11 shows the port C pin configuration.

Port C pins Pin functions in modes 4 and 5
— PC7/A7 AT (output)
—= PCG6/A6 A6 (output)
- PC5/A5 A5 (output)
Pt ™ PC4/A4 A4 (output)
—= PC3/A3 A3 (output)
- PC2/A2 A2 (output)
a—» PCI1/A1 Al (output)
— PCO/AQ A0 (output)
Pin functions in mode 6 Pin functions in mode 7
PCDDR=1 PCDDR=0
A7 (output)  PC7 (input) PC7 (I/O)
A6 (output)  PC6 (input) PC6 (I/0)
A5 (output)  PC5 (input) PC5 (I/0)
A4 (output)  PC4 (input) PC4 (1/0)
A3 (output) PC3 (input) PC3 (1/0)
A2 (output) PC2 (input) PC2 (1/0)
Al (output)  PC1 (input) PC1 (1/O)
AO (output)  PCO (input) PCO (1/0)

Figure 9-11 Port C Pin Functions
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9.8.2 Register Configuration
Table 9-12 shows the port C register configuration.

Table 9-12 Port C Registers

Name Abbreviation R/W Initial Value Address *
Port C data direction register PCDDR w H'00 H'FE3B
Port C data register PCDR R/W H'00 H'FFOB
Port C register PORTC R Undefined H'FFBB
Port C MOS pull-up control register PCPCR R/W H'00 H'FF42
Port C open-drain control register PCODR R/W H'00 H'FE49

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit L7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PC5DDR| PC4DDR| PC3DDR| PC2DDR| PC1DDR| PCODDR]

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w W W w w

PCDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pin:
retain their output state or become high-impedance when the mode is changed to software stand
mode.

* Modes 4 and 5
The corresponding port C pins are address outputs irrespective of the value of the PCDDR hit

e Mode 6

Setting a PCDDR bit to 1 makes the corresponding port C pin an address output, while
clearing the bit to 0 makes the pin an input port.

e Mode 7

Setting a PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port C Data Register (PCDR)

Bit L7 6 5 4 3 2 1 0

| PC7DR | PC6DR| PCSDR | PCADR | PC3DR | PC2DR | PCIDR | PCODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PCDR is an 8-bit readable/writable register that stores output data for the port C pins (PC7 to
PCO).

PCDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port C Register (PORTC)

Bit L7 6 5 4 3 2 1 0
| Pc7 | PC6 | PCs | Pca | PC3 | PC2 | PCl | PCO |

Initial value : —* —* —x % _x _x _ _x

RIW . R R R R R R R R

Note: * Determined by state of pins PC7 to PCO.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC7 to PC0) must always be performed on PCDR.

If a port C read is performed while PCDDR bits are set to 1, the PCDR values are read. If a port
read is performed while PCDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTC contents are determined by the pin states
PCDDR and PCDR are initialized. PORTC retains its prior state in software standby mode.
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Port C MOS Pull-Up Control Register (PCPCR)

Bit L7 6 5 4 3 2 1 0
|PC7PCR | PC6PCR| PCSPCR | PC4PCR| PC3PCR | PC2PCR| PC1PCR | PCOPCR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PCPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individual bit basis.

In modes 6 and 7, if PCPCR is set to 1 when the port is in the input state in accordance with the
settings of PCDDR, the MOS input pull-up is set to ON.

PCPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state b
a manual reset or in software standby mode.

Port C Open Drain Control Register (PCODR)

Bit 7 6 5 4 3 2 1 0
| PC70DR | PC60ODR|PC50DR | PC40DR |PC30DR | PC20DR| PC10DR| PCOODR]|

Initial value 0 0 0 0 0 0 0 0

Read/Wite ~ RW ~ RW RW RW RW RW  RW RW

PCDDR is an 8-bit Read/Write register and controls PMOS On/Off of each pin (PC7 to PCO) of
port C.

If PCODR is set to 1 by setting AE3 to AEO in PFCR in mode other than address output mode,
port C pins function as NMOS open drain outputs and when the setting is cleared to 0, the pins
function as CMOS outputs.

PCODR is initialized to H'00 in reset mode or hardware standby mode. PCODR retains the last
state in software standby mode.
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9.8.3 Pin Functions for Each Mode

Modes 4 and 5:In mode 4 and 5, port C pins function as address outputs automatically.

Figure 9-12 shows the port C pin functions.

Port C

A7 (output)
A6 (output)
A5 (output)
A4 (output)
A3 (output)
A2 (output)
Al (output)
A0 (output)

Figure 9-12 Port C Pin Functions (Modes 4 and 5)

Mode 6: In mode 6, port C pints function as address outputs or input ports and I/O can be
specified in bit units. When each bit in PCDDR is set to 1, the corresponding pin functions as ai
address output and when the bit cleared to 0, the pin functions as an input port.

Figure 9-13 shows the port C pin functions.

Port C

PCDDR=1

~—— A7 (output)
~—— A6 (output)
~—— A5 (output)
~—— A4 (output)
~+—— A3 (output)
~—— A2 (output)
~—— Al (output)

~—— AO (output)

PCDDR=0

PC7 (input)
PC6 (input)
PC5 (input)
PC4 (input)
PC3 (input)
PC2 (input)
PC1 (input)
PCO (input)

Figure 9-13 Port C Pin Functions (Mode 6)
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Mode 7:In mode 7, port C pins function as I/O ports and I/O can be specified for each pin in bit
units. When each bit in PCDDR is set to 1, the corresponding pin functions as an output port anc
when the bit is cleared to 0, the pin functions as an input port.

Figure 9-14 shows the port C pin functions.

~—— PC7 (1/0)
-—— PC6 (1/0)
~—— PC5 (1/0)
botc [ PC4(/0)
«—— PC3 (1/0)
- PC2 (1/0)
~—— PC1 (1/0)

«—— PCO (1/0)

Figure 9-14 Port C Pin Functions (Mode 7)
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9.8.4 MOS Input Pull-Up Function

Port C has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individual bit basis.

In modes 6 and 7, when PCPCR is set to 1 in the input state by setting of PCDDR, the MOS inp
pull-up is set to ON.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained by a manual reset or in software standby mode.

Table 9-13 summarizes the MOS input pull-up states.

Table 9-13 MOS Input Pull-Up States (Port C)

Hardware Software In Other
Pin States Reset Standby Mode Standby Mode Operations
Address output OFF OFF OFF OFF
Other than above ON/OFF ON/OFF

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PCDDR = 0 and PCPCR = 1; otherwise off.
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9.9 Port D

9.9.1 Overview

Port D is an 8-bit I/0 port. Port D has a data bus I/O function, and the pin functions change
according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 9-15 shows the port D pin configuration.

Port D pins Pin functions in modes 4 to 6
~+—» PD7/D15 D15 (I/O)
~— PD6/D14 D14 (1/0)
~+— PD5/D13 D13 (I/0)
Port D — PD4/D12 D12 (I/0)
~— PD3/D11 D11 (I/O)
—— PD2/D10 D10 (I/0)
~— PD1/D9 D9 (I/O)
~—3 PD0/D8 D8 (I/O)

Pin functions in mode 7

PD7 (1/O)
PD6 (1/O)
PD5 (1/0)
PD4 (1/0)
PD3 (I/O)
PD2 (1/0)
PD1 (1/0)
PDO (1/0)

Figure 9-15 Port D Pin Functions

256
HITACHI




9.9.2 Register Configuration
Table 9-14 shows the port D register configuration.

Table 9-14 Port D Registers

Name Abbreviation R/W Initial Value Address *
Port D data direction register PDDDR w H'00 H'FE3C
Port D data register PDDR R/W H'00 H'FFOC
Port D register PORTD R Undefined H'FFBC
Port D MOS pull-up control register PDPCR R/W H'00 H'FE43

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit L7 6 5 4 3 2 1 0

| PD7DDR| PD6DDR| PDSDDR| PD4DDR PD3DDR | PD2DDR| PDIDDR | PDODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW SRYY W W W w w w w

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

PDDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state i
software standby mode.

¢ Modes 4to6

The input/output direction specification by PDDDR is ignored, and port D is automatically
designated for data 1/O.

* Mode 7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.

257
HITACHI



Port D Data Register (PDDR)

Bit L7 6 5 4 3 2 1 0

| PD7DR | PD6DR | PDSDR | PD4DR | PD3DR | PD2DR | PDIDR | PDODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PDDR is an 8-bit readable/writable register that stores output data for the port D pins (PD7 to
PDO0).

PDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0

\ PD7 \ PD6 \ PD5 \ PD4 \ PD3 \ PD2 \ PD1 \ PDO \
Initial value : —* —* —* —x % _x % _ %
RIW : R R R R R R R R

Note: * Determined by state of pins PD7 to PDO.

PORTD is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD7 to PDO) must always be performed on PDDR.

If a port D read is performed while PDDDR bits are set to 1, the PDDR values are read. If a port [
read is performed while PDDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTD contents are determined by the pin states,
PDDDR and PDDR are initialized. PORTD retains its prior state in software standby mode.
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Port D MOS Pull-Up Control Register (PDPCR)

Bit L7 6 5 4 3 2 1 0
|PD7PCR | PDB6PCR| PDSPCR | PD4PCR| PD3PCR | PD2PCR| PDIPCR | PDOPCR)|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PDPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

When a PDDDR bit is cleared to 0 (input port setting) in mode 7, setting the corresponding
PDPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PDPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state i
software standby mode.

9.9.3 Pin Functions

Modes 4 to 6:In modes 4 to 6, port D pins are automatically designated as data I/O pins.

Port D pin functions in modes 4 to 6 are shown in figure 9-16.

e D15 (I/O)
= D14 (I/O)
~— D13 (I/O)
portp [+ ™ D12 (V0)
e—» D11 (I/O)
= D10 (I/O)

-« D9 (I/O)

< D8 (I/O)

Figure 9-16 Port D Pin Functions (Modes 4 to 6)

Mode 7:In mode 7, port D pins function as I/O ports. Input or output can be specified for each pi
on an individual bit basis. Setting a PDDDR bit to 1 makes the corresponding port D pin an outp
port, while clearing the bit to 0 makes the pin an input port.
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Port D pin functions in mode 7 are shown in figure 9-17.

~—> PD7 (I/O)
- PD6 (I/O)
—» PD5 (I/O)
bortp [ PD4 (I/0)
— PD3 (I/0)
~— PD2 (I/O)
e PD1 (I/O)

— PDO (1/0)

Figure 9-17 Port D Pin Functions (Mode 7)

9.94 MOS Input Pull-Up Function

Port D has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in mode 7, and can be specified as on or off on an individual b
basis.

When a PDDDR bit is cleared to 0 in mode 7, setting the corresponding PDPCR bit to 1 turns on
the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9-15 summarizes the MOS input pull-up states.

Table 9-15 MOS Input Pull-Up States (Port D)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
4106 OFF OFF OFF OFF
7 ON/OFF ON/OFF

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PDDDR = 0 and PDPCR = 1; otherwise off.
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9.10 Port E

9.10.1 Overview

Port E is an 8-bit I/O port. Port E has a data bus I/O function, and the pin functions change
according to the operating mode and whether 8-bit or 16-bit bus mode is selected.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 9-18 shows the port E pin configuration.

Port E pins Pin functions in modes 4 to 6
~— PE7/D7 PE7 (1/0O) /D7 (I/O)
~—» PEG6/D6 PE6 (1/O) /D6 (1/0)
~+—» PE5/D5 PES5 (1/O) / D5 (I/0)
Port E — PE4/D4 PE4 (1/0O) / D4 (I/0)
~— PE3/D3 PE3 (1/0) / D3 (I/0)
— PE2/D2 PE2 (I/0) /D2 (1/O)
~— PE1/D1 PE1 (1/O) /D1 (I/O)
— PEO/DO PEO (1/O) /DO (I/0)

Pin functions in mode 7

PE7 (I/0)
PEG6 (1/O)
PE5 (1/0O)
PE4 (1/0)
PE3 (1/0)
PE2 (1/O)
PE1 (I/0)
PEO (1/O)

Figure 9-18 Port E Pin Functions
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9.10.2 Register Configuration

Table 9-16 shows the port E register configuration.

Table 9-16 Port E Registers

Name Abbreviation ~ R/W Initial Value Address *
Port E data direction register PEDDR w H'00 H'FE3D
Port E data register PEDR R/W H'00 H'FFOD
Port E register PORTE R Undefined H'FFBD
Port E MOS pull-up control register PEPCR R/W H'00 H'FE44

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit L7 6 5 4 3 2 1 0

| PE7DDR | PE6DDR| PESDDR| PE4DDR| PE3DDR | PE2DDR| PE1DDR | PEODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW SR w w w w w w w

PEDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state b
a manual reset or in software standby mode.

e Modes 4to6

When 8-bit bus mode has been selected, port E pins function as I/O ports. Setting a PEDDR |
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the
pin an input port.

When 16-bit bus mode has been selected, the input/output direction specification by PEDDR i
ignored, and port E is designated for data 1/O.

For details of 8-bit and 16-bit bus modes, see section 7, Bus Controller.

e Mode 7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing th
bit to 0 makes the pin an input port.
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Port E Data Register (PEDR)

Bit L7 6 5 4 3 2 1 0

| PE7DR | PEG6DR | PESDR | PE4DR | PE3DR | PE2DR | PEIDR | PEODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEDR is an 8-bit readable/writable register that stores output data for the port E pins (PE7 to PE

PEDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port E Register (PORTE)

Bit L7 6 5 4 3 2 1 0
| PE7 | PE6 | PE5 | PE4 | PE3 | PE2 | PEl | PEO |

Initial value : —* —* —* —* —* —* _* _*

RIW . R R R R R R R R

Note: * Determined by state of pins PE7 to PEO.

PORTE is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE7 to PEO) must always be performed on PEDR.

If a port E read is performed while PEDDR bits are set to 1, the PEDR values are read. If a port
read is performed while PEDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTE contents are determined by the pin states
PEDDR and PEDR are initialized. PORTE retains its prior state in software standby mode.
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Port E MOS Pull-Up Control Register (PEPCR)

Bit L7 6 5 4 3 2 1 0

| PE7TPCR| PE6PCR PESPCR| PE4PCR| PE3PCR| PE2PCR| PEIPCR| PEOPCR]
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.

When a PEDDR bit is cleared to O (input port setting) with 8-bit bus mode selected in mode 4, 5,
or 6, or in mode 7, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for
the corresponding pin.

PEPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

9.10.3 Pin Functions

Modes 4 to 6:In modes 4 to 6, when 8-bit access is designated and 8-bit bus mode is selected,
port E pins are automatically designated as 1/O ports. Setting a PEDDR bit to 1 makes the
corresponding port E pin an output port, while clearing the bit to 0 makes the pin an input port.

When 16-bit bus mode is selected, the input/output direction specification by PEDDR is ignored,
and port E is designated for data I/O.

Port E pin functions in modes 4 to 6 are shown in figure 9-19.

8-bit bus mode 16-bit bus mode
~—m PE7 (1/O) D7 (1/0)
~— PEG6 (1/O) D6 (I/0)
~—m PE5 (1/O) D5 (1/0)
Port E ~—m PE4 (1/O) D4 (1/0)
~— PE3 (1/0O) D3 (I/0)
-—> PE2 (1/0O) D2 (I/0)
~— PE1 (1/O) D1 (1/0)
—— PEQ (I/O) DO (1/0)

Figure 9-19 Port E Pin Functions (Modes 4 to 6)
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Mode 7:In mode 7, port E pins function as I/O ports. Input or output can be specified for each pi
on a bit-by-bit basis. Setting a PEDDR bit to 1 makes the corresponding port E pin an output po
while clearing the bit to 0 makes the pin an input port.

Port E pin functions in mode 7 are shown in figure 9-20.

~—>» PE7 (I/0)
~—» PEG6 (I/O)
-—» PE5 (I/O)
Port E ~—>» PE4 (I/0)
- PE3 (I/O)
-—» PE2 (I/O)

- PE1 (1/O)

- PEO (1/O)

Figure 9-20 Port E Pin Functions (Mode 7)

9.10.4 MOS Input Pull-Up Function

Port E has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 4 to 6 when 8-bit bus mode is selected, or in mode
and can be specified as on or off on an individual bit basis.

When a PEDDR bit is cleared to 0 in mode 4 to 6 when 8-bit bus mode is selected, or in mode 7
setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9-17 summarizes the MOS input pull-up states.

Table 9-17 MOS Input Pull-Up States (Port E)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
7 OFF OFF ON/OFF ON/OFF
4106 8-bit bus
16-bit bus OFF OFF
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PEDDR = 0 and PEPCR = 1; otherwise off.
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9.11 Port F

9.11.1 Overview

Port F is a 6-bit I/O port. Port F pins also function as external interrupt inpuiR{@2 &nd
IRQ3), A/D trigger input pin ADTRG), bus control signal input/output pins§, RD, HWR, and
LWR), and the system clock (@) output pin.

Figure 9-21 shows the port F pin configuration.

Port F pins Pin functions in modes 4 to 6

PF7 (input) / @ (output)

«—» PF7/g AS (output)
«—» PF6/AS/LCAS RD (output)
PortE [ ™ PF5/RD HWR (output)
l«—» PF4/HWR PF3 (1/0) / LWR (output) / ADTRG (input) / TIRQ3 (input)

«—» PF3/LWR/ADTRG/IRQ3  PFO (1/0) / TRQ2 (input)
~—» PF0/IRQ2

Pin functions in mode 7

PF7 (input) / @ (output)

PF6 (1/0)

PF5 (1/0)

PF4 (1/0)

PF3 (1/0) / ADTRG (input) / TRQ3 (input)
PFO (1/0) / TRQ2 (input)

Figure 9-21 Port F Pin Functions
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9.11.2 Register Configuration
Table 9-18 shows the port F register configuration.

Table 9-18 Port F Registers

Name Abbreviation R/W Initial Value Address *!

Port F data direction register PFDDR W B'1000070"% H'FE3E
B'0000070"?

Port F data register PFDR R/W B'00000"0 H'FFOE

Port F register PORTF R Undefined H'FFBE

Notes: *1 Lower 16 bits of the address.
*2 Initial value depends on the mode.

Port F Data Direction Register (PFDDR)

Bit L7 6 5 4 3 2 1 0
\ PF7DDR‘ PF6DDR‘ PF5DDR‘ PF4DDR‘ PF3DDR‘ — \ — \ PFODDR‘

Modes 4 to 6

Initial value : 1 0 0 0 0 undefined undefined 0

RIW LW w w w w — — w
Mode 7

Initial value : 0 0 0 0 0 undefined undefined 0

RIW LW w w w w — — w

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDR is initialized by a reset, and in hardware standby mode, to B'20000**0 in modes 4 to 6,
and to B'00000**0 in mode 7. It retains its prior state in software standby mode. The OPE bit in
SBYCR is used to select whether the bus control output pins retain their output state or become
high-impedance when a transition is made to software standby mode.

e Modes 4106
Pin PF7 functions as the g output pin when the corresponding PFDDR bit is set to 1, and as
input port when the bit is cleared to 0.
The input/output direction specified by PFDDR is ignored for pins PF6 to PF3, which are
automatically designated as bus control outptis RD, HWR, andLWR).
Pin PFO is setting a PFDDR bit to 1 makes the corresponding port F pin an output port, while
clearing the bit to 0 makes the pin an input port.
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e Mode 7

Setting a PFDDR bit to 1 makes the corresponding port F pin PF6 to PF3, PFO an output port,
or in the case of pin PF7, the g output pin. Clearing the bit to 0 makes the pin an input port.

Port F Data Register (PFDR)

Bit L7 6 5 4 3 2 1 0

| PF7DR | PF6DR | PFSDR | PFADR | PF3DR | — | — | PFODR|
Initial value : 0 0 0 0 0 undefined undefined 0
RIW . RW RW RW RW  RW — _ RIW

PFDR is an 8-bit readable/writable register that stores output data for the port F pins (PF7 to PFZ
PFO).

PFDR is initialized to B'00000**0 by a reset, and in hardware standby mode. It retains its prior
state in software standby mode.

Port F Register (PORTF)

Bit L7 6 5 4 3 2 1 0

| PF7 | PF6 | PFs | PF4 | PF3 | — | — | PFO |
Initial value : —* —* —* —* —* undefined undefined —*
RIW . R R R R R — — R

Note: * Determined by state of pins PF7 to PF3, PFO.

PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF7 to PF3, PFO) must always be performed on PFDR.

If a port F read is performed while PFDDR bits are set to 1, the PFDR values are read. If a port F
read is performed while PFDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTF contents are determined by the pin states,
PFDDR and PFDR are initialized. PORTF retains its prior state in software standby mode.
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9.11.3 Pin Functions

Port F pins also function as external interrupt input pins (IRQ2 and IRQ3), A/D trigger input pin
(ADTRG), bus control signal input/output pins§, RD, HWR, LWR), and the system clock (2)
output pin. The pin functions differ between modes 4 to 6, and mode 7. Port F pin functions are
shown in table 9-19.

Table 9-19 Port F Pin Functions

Pin Selection Method and Pin Functions

PF7/a The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF7 input @ output

PF6/AS The pin function is switched as shown below according to bit PF6DDR.
Operating Modes 4 to 6 Mode 7
Mode
PF6DDR — 0 1
Pin function AS output PF6 input PF6 output
PF5/RD The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating
Mode Modes 4 to 6 Mode 7
PF5DDR — 0 1
Pin function RD output PF5 input PF5 output
PF4/HWR The pin function is switched as shown below according to the operating mode
and bit PFADDR.
Operating
Mode Modes 4 to 6 Mode 7
PF4DDR — 0 1
Pin function HWR output PF4 input PF4 output
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Pin Selection Method and Pin Functions

PF3/LWR/ The pin function is switched as shown below according to the operating mode,
ADTRG/IRQ3 the bus mode, A/D converter bits TRGS1 and TRGSO0, and bit PF3DDR.

Operating Modes 4 to 6 Mode 7

mode

Bus mode 16-bit bus 8-bit bus mode —

mode
PF3DDR — 0 1 0 1
Pin function LWR output| PF3 input | PF3 output| PF3 input | PF3 output
pin pin pin pin pin

ADTRG input pin**

IRQ3 input pin*?
Notes: *1 ADTRG input when TRGSO=TRGS1=1.

*2 When used as an external interrupt input pin, do not use as an 1/O
pin for another function.

PFO/IRQ2 The pin function is switched as shown below according to the combination of
the operating mode, and bits BRLE and PFODDR.
PFODDR 0 1
Pin function PFO input PFO output
TRQ2 input
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9.12 PortH

9.12.1 Overview

Port H is an 8-bit I/0 port. Port H pins also function as motor control PWM timer output pins
(PWM1A to PWM1H).

Figure 9-22 shows the port H pin configuration.

Port H pin

— PH7 / PWM1H
~— PH6 / PWM1G
—» PH5/PWM1F
Port H — PH4/PWMI1E
~— PH3/PWM1D
—» PH2/PWMI1C

~— PH1/PWM1B

— PHO/PWM1A

Figure 9-22 Port H Pin Functions

9.12.2 Register Configuration

Table 9-20 shows the port H register configuration.

Table 9-20 Port H Registers

Name Abbreviation  R/W Initial Value ~ Address  *
Port H data direction register PHDDR w H'00 H'FC20
Port H data register PHDR RW H'00 H'FC24
Port H register PORTH R Undefined H'FC28

Note: * Lower 16 bits of the address.
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Port H Data Direction Register (PHDDR)

Bit L7 6 5 4 3 2 1 0
|PH7DDR | PHG6DDR| PHSDDR | PH4DDR| PH3DDR | PH2DDR| PH1DDR| PHODDR]

Initial value : 0 0 0 0 0 0 0 0

RIW LW w W W W W W W

PHDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port H. PHDDR cannot be read. If it is, an undefined value will be read.

PHDDR is initialized to H'00 by a reset and in hardware standby mode. It retains its prior state in
software standby mode.

Port H Data Register (PHDR)

Bit L7 6 5 4 3 2 1 0
| PH7DR | PH6DR | PHSDR | PH4DR | PH3DR | PH2DR | PHIDR | PHODR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PHDR is an 8-bit readable/writeable register that stores output data for the port H pins (PH7 to
PHO).

PHDR is initialized to H'00 by a reset and in hardware standby mode. It retains its prior state in
software standby mode.

Port H Register (PORTH)

Bit L7 6 5 4 3 2 1 0

| PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PHL | PHO |
Initial value : —* —* — —* = _* _* _
RIW . R R R R R R R R

Note: * Determined by the state of PH7 to PHO

PORTH is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port H pins (PH7 to PHO) must always be performed on PHDR.

If a port H read is performed while PHDDR bits are set to 1, the PHDR values are read. If a port |
read is performed while PHDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTH contents are determined by the pin states,
PHDDR and PHDR are initialized. PORTH retains its prior state in software standby mode.
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9.12.3 Pin Functions

As shown in Table 9-21, the port H pin functions can be switched, bit by bit, by changing the
values of OE1A to OE1H of motor control PWM timer PWOCR21 and PHDDR.

Table 9-21 Port H Pin Functions

OE1A to OE1H 1 0
PHDDR — 0 1
Pin function PWM output PH7 to PHO input PH7 to PHO output
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9.13 Port J

9.13.1 Overview

Port J is an 8-hit I/0 port. Port J pins also function as motor control PWM timer output pins
(PWM2A to PWM2H).

Figure 9-23 shows the port J pin configuration.

Port J pin

— PJ7 / PWM2H
~— PJ6/ PWM2G
—> PJ5/PWM2F
Port J — PJ4/PWM2E
~— PJ3/PWM2D
— PJ2/ PWM2C

~—> PJ1/PWM2B

— PJO/PWM2A

Figure 9-23 Port J Pin Functions

9.13.2 Register Configuration

Table 9-22 shows the port J register configuration.

Table 9-22 Port J Registers

Name Abbreviation  R/W Initial Value  Address *
Port J data direction register PJDDR W H'00 H'FC21
Port J data register PJDR RW H'00 H'FC25
Port J register PORTJ R Undefined H'FC29

Note: * Lower 16 bits of the address
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Port J Data Direction Register (PJDDR)

Bit L7 6 5 4 3 2 1 0

| PJ7DDR | PJ6DDR| PI5DDR | PJ4DDR| PJ3DDR | PJ2DDR | PJLDDR | PJODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW SRYY W W W W W w w

PJDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port J. PJIDDR cannot be read. If it is, an undefined value will be read.

PJDDR is initialized to H'00 by a reset and in hardware standby mode. It retains its prior state in
software standby mode.

Port J Data Register (PIDR)

Bit L7 6 5 4 3 2 1 0
| PI7TDR | PJ6DR | PJSDR | PJ4DR | PJ3DR | PJ2DR | PJIDR | PJODR |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW RW

PJDR is an 8-bit readable/writeable register that stores output data for the port J pins (PJ7 to P.

PJDR is initialized to H'00 by a reset and in hardware standby mode. It retains its prior state in
software standby mode.

Port J Register (PORTJ)

Bit L7 6 5 4 3 2 1 0
| P37 | P | P | PM | P | P2 | P | PO |

Initial value : —* —* —* —* —* _* _* _

RIW . R R R R R R R R

PORTJ is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port J pins (PJ7 to PJO) must always be performed on PJDR.

If a port J read is performed while PJDDR bits are set to 1, the PJDR values are read. If a port J
read is performed while PJDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTJ contents are determined by the pin states,
PJDDR and PJDR are initialized. PORTJ retains its prior state in software standby mode.
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9.13.3 Pin Functions

As shown in Table 9-23, the port J pin functions can be switched, bit by bit, by changing the
values of OE2A to OE2H of motor control PWM timer PWOCR2 and PJDDR.

Table 9-23 Port J Pin Functions

OE2A to OE2H 1 0

PJDDR — 0 1

Pin function PWM output PJ7 to PJO input PJ7 to PJO output
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.1  Overview

The chip has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer channels.

10.1.1  Features

e Maximum 16-pulse input/output

0 A total of 16 timer general registers (TGRs) are provided (four each for channels 0 and 3,
and two each for channels 1, 2, 4, and 5), each of which can be set independently as an
output compare/input capture register

0 TGRC and TGRD for channels 0 and 3 can also be used as buffer registers
» Selection of 8 counter input clocks for each channel

« The following operations can be set for each channel:

Waveform output at compare match: Selection of 0, 1, or toggle output

Input capture function: Selection of rising edge, falling edge, or both edge detection
Counter clear operation: Counter clearing possible by compare match or input capture
Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible

Register simultaneous input/output possible by counter synchronous operation

PWM mode: Any PWM output duty can be set

Maximum of 15-phase PWM output possible by combination with synchronous operation

OoOooogooao

« Buffer operation settable for channels 0 and 3
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible

« Phase counting mode settable independently for each of channels 1, 2, 4, and 5
O Two-phase encoder pulse up/down-count possible

e Cascaded operation

O Channel 2 (channel 5) input clock operates as 32-bit counter by setting channel 1 (chann
4) overflow/underflow

« Fast access via internal 16-bit bus
0 Fast access is possible via a 16-bit bus interface

e 26 interrupt sources
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O For channels 0 and 3, four compare match/input capture dual-function interrupts and one
overflow interrupt can be requested independently

O For channels 1, 2, 4, and 5, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently

» Automatic transfer of register data

O Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC)

* Programmable pulse generator (PPG) output trigger can be generated
0 Channel 0 to 3 compare match/input capture signals can be used as PPG output trigger

» A/D converter conversion start trigger can be generated

O Channel 0 to 5 compare match Alinput capture A signals can be used as A/D converter
conversion start trigger

e Module stop mode can be set

O As the initial setting, TPU operation is halted. Register access is enabled by exiting modul
stop mode.

Table 10-1 lists the functions of the TPU.
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Table 10-1 TPU Functions

Item Channel 0 Channel1 Channel 2 Channel 3 Channel 4 Channel 5

Count clock /1 2/l @/l /1 2/l o/l
al4 al4 al4 al4 ol4 al4
2/16 /16 2/16 /16 /16 2/16
/64 /64 /64 /64 /64 /64
TCLKA /256 2/1024 /256 2/1024 21256
TCLKB TCLKA TCLKA 2/1024 TCLKA TCLKA
TCLKC TCLKB TCLKB /4096 TCLKC TCLKC
TCLKD TCLKC TCLKA TCLKD

General registers TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
TGROB TGR1B TGR2B TGR3B TGR4B TGR5B

General registers/ TGROC — — TGR3C — —

buffer registers TGROD TGR3D

1/0O pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCAS5
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear TGR TGR TGR TGR TGR TGR

function compare compare compare compare compare  compare
matchor matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture

Compare Ooutput O O O O O O

match loutput O O O O O O

output

P Toggle O O O O O O
output

Input capture O O O O O O

function

Synchronous O O O O O O

operation

PWM mode O O O O O O

Phase counting — O O — O O

mode

Buffer operation O — — O — —
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Item Channel0  Channell Channel2 Channel3 Channel4  Channel 5
DTC TGR TGR TGR TGR TGR TGR
activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
A/D TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
converter compare compare compare compare compare compare
trigger match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
PPG TGROA/ TGR1A/ TGR2A/ TGR3A/ — —
trigger TGROB TGR1B TGR2B TGR3B
compare compare compare compare
match or match or match or match or
input capture input capture input capture input capture
Interrupt 5 sources 4 sources 4 sources 5 sources 4 sources 4 sources
sources Compare ¢ Compare ¢ Compare  Compare  Compare ¢ Compare
match or match or match or match or match or match or
input input input input input input
capture OA  capture 1A capture 2A  capture 3A  capture 4A  capture 5A
e Compare « Compare « Compare « Compare « Compare  Compare
match or match or match or match or match or match or
input input input input input input
capture 0B capture 1B capture 2B capture 3B capture 4B capture 5B
e Compare e+ Overflow e« Overflow e« Compare  Overflow -+ Overflow
matchor « Underflow «+ Underflow  matchor « underflow « Underflow
input input
capture 0C capture 3C
« Compare  Compare
match or match or
input input
capture OD capture 3D
e Overflow « Overflow
Legend
(O :Possible
— : Not possible
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10.1.2  Block Diagram

Figure 10-1 shows a block diagram of the TPU.
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Legend
TSTR: Timer start register TIOR (H, L): Timer I/O control registers (H, L)
TSYR: Timer synchro register TIER: Timer interrupt enable register
TCR:  Timer control register TSR: Timer status register
TMDR: Timer mode register TGR (A, B, C, D): Timer general registers (A, B, C, D)

Figure 10-1 Block Diagram of TPU
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10.1.3

Table 10-2 summarizes the TPU pins.

Pin Configuration

Table 10-2 TPU Pins

Channel  Name Symbol I/O Function
All Clock input A TCLKA  Input  External clock A input pin
(Channel 1 and 5 phase counting mode A
phase input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 and 5 phase counting mode B
phase input)
Clock input C TCLKC  Input  External clock C input pin
(Channel 2 and 4 phase counting mode A
phase input)
Clock input D TCLKD  Input  External clock D input pin
(Channel 2 and 4 phase counting mode B
phase input)
0 Input capture/out  TIOCAO 1/O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/out TIOCBO /O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out  TIOCCO 1/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO 1/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out  TIOCA1l 1/O TGR1A input capture input/output compare
compare match Al output/PWM output pin
Input capture/out TIOCB1 1/O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/out  TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/out TIOCB2 1/O TGR2B input capture input/output compare
compare match B2 output/PWM output pin
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Channel  Name Symbol 1/O Function

3 Input capture/out TIOCA3 1I/O TGR3A input capture input/output compare
compare match A3 output/PWM output pin
Input capture/out TIOCB3 1/O TGRS3B input capture input/output compare
compare match B3 output/PWM output pin
Input capture/out TIOCC3 I/O TGR3C input capture input/output compare
compare match C3 output/PWM output pin
Input capture/out  TIOCD3 1/O TGR3D input capture input/output compare
compare match D3 output/PWM output pin

4 Input capture/out TIOCA4 1/O TGRA4A input capture input/output compare
compare match A4 output/PWM output pin
Input capture/out  TIOCB4  1/O TGR4B input capture input/output compare
compare match B4 output/PWM output pin

5 Input capture/out TIOCA5 1I/O TGR5A input capture input/output compare
compare match A5 output/PWM output pin
Input capture/out TIOCB5 1/O TGRS5B input capture input/output compare

compare match B5

output/PWM output pin
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10.1.4 Register Configuration
Table 10-3 summarizes the TPU registers.

Table 10-3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address  **
0 Timer control register O TCRO R/W H'00 H'FF10
Timer mode register 0 TMDRO R/W H'CO H'FF11
Timer I/O control register OH TIOROH R/W H'00 H'FF12
Timer 1/O control register OL TIOROL R/W H'00 H'FF13
Timer interrupt enable register 0 TIERO R/W H'40 H'FF14
Timer status register 0 TSRO R/(W)** H'CO H'FF15
Timer counter O TCNTO R/W H'0000 H'FF16
Timer general register 0A TGROA RIW H'FFFF H'FF18
Timer general register 0B TGROB R/W H'FFFF H'FF1A
Timer general register 0C TGROC R/W H'FFFF H'FF1C
Timer general register 0D TGROD RIW H'FFFF H'FF1E
1 Timer control register 1 TCR1 R/W H'00 H'FF20
Timer mode register 1 TMDR1 R/W H'CO H'FF21
Timer 1/O control register 1 TIOR1 R/W H'00 H'FF22
Timer interrupt enable register 1 TIER1 R/W H'40 H'FF24
Timer status register 1 TSR1 R/(W) ** H'CO H'FF25
Timer counter 1 TCNT1 R/W H'0000 H'FF26
Timer general register 1A TGR1A R/W H'FFFF H'FF28
Timer general register 1B TGR1B R/W H'FFFF H'FF2A
2 Timer control register 2 TCR2 R/W H'00 H'FF30
Timer mode register 2 TMDR2 R/W H'CO H'FF31
Timer I/O control register 2 TIOR2 R/W H'00 H'FF32
Timer interrupt enable register 2 TIER2 R/W H'40 H'FF34
Timer status register 2 TSR2 R/(W) ** H'CO H'FF35
Timer counter 2 TCNT2 R/W H'0000 H'FF36
Timer general register 2A TGR2A RIW H'FFFF H'FF38
Timer general register 2B TGR2B R/W H'FFFF H'FF3A
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Channel Name Abbreviation R/W Initial Value Address  **
3 Timer control register 3 TCR3 R/W H'00 H'FE80
Timer mode register 3 TMDR3 R/W H'CO H'FE81
Timer 1/O control register 3H TIOR3H R/W H'00 H'FE82
Timer 1/O control register 3L TIOR3L R/W H'00 H'FE83
Timer interrupt enable register 3 TIER3 R/W H'40 H'FE84
Timer status register 3 TSR3 RI(W)** H'CO H'FE85
Timer counter 3 TCNT3 R/W H'0000 H'FE86
Timer general register 3A TGR3A R/W H'FFFF H'FE88
Timer general register 3B TGR3B R/IW H'FFFF H'FESA
Timer general register 3C TGR3C R/W H'FFFF H'FE8SC
Timer general register 3D TGR3D R/W H'FFFF H'FESE
4 Timer control register 4 TCR4 R/W H'00 H'FE90
Timer mode register 4 TMDRA4 R/W H'CO H'FE91
Timer I/O control register 4 TIOR4 R/W H'00 H'FE92
Timer interrupt enable register 4 TIER4 R/W H'40 H'FE94
Timer status register 4 TSR4 R/(W) ** H'CO H'FE95
Timer counter 4 TCNT4 R/W H'0000 H'FE96
Timer general register 4A TGR4A R/W H'FFFF H'FE98
Timer general register 4B TGR4B R/W H'FFFF H'FE9A
5 Timer control register 5 TCR5 R/W H'00 H'FEAO
Timer mode register 5 TMDR5 R/W H'CO H'FEAL
Timer I/O control register 5 TIOR5 R/W H'00 H'FEA2
Timer interrupt enable register 5 TIERS5 R/W H'40 H'FEA4
Timer status register 5 TSR5 R/(W) *> H'CO H'FEA5
Timer counter 5 TCNTS R/W H'0000 H'FEAG
Timer general register 5A TGR5A R/W H'FFFF H'FEA8
Timer general register 5B TGR5B R/IW H'FFFF H'FEAA
All Timer start register TSTR R/W H'00 H'FEBO
Timer synchro register TSYR R/W H'00 H'FEB1
Module stop control register A MSTPCRA R/W H'3F H'FDES8
Notes: *1 Lower 16 bits of the address.

*2 Can only be written with O for flag clearing.

HITACHI

285



10.2  Register Descriptions

10.2.1  Timer Control Register (TCR)

Channel 0: TCRO
Channel 3: TCR3

Bit L7 6 5 4 3 2 1 0

| CCLR2 | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Channel 1: TCR1
Channel 2: TCR2
Channel 4: TCR4
Channel 5: TCR5

Bit L7 6 5 4 3 2 1 0

| — | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
RIW S RW RW RW RW RW RW  RW

The TCR registers are 8-bit registers that control the TCNT channels. The TPU has six TCR
registers, one for each of channels 0 to 5. The TCR registers are initialized to H'00 by a reset, an
in hardware standby mode.

TCR register settings should be made only when TCNT operation is stopped.
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Bits 7 to 5—Counter Clear 2, 1, and 0 (CCLR2, CCLR1, CCLRO)These bhits select the TCNT

counter clearing source.

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation **

1 0 0 TCNT clearing disabled

1 TCNT cleared by TGRC compare match/input
capture *?

1 0 TCNT cleared by TGRD compare match/input
capture *?

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation **

Bit 7 Bit 6 Bit 5
Channel Reserved **CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation **

Notes: *1 Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

*2 When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

*3 Bit 7 is reserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be

modified.
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Bits 4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO0)These bits select the input clock edge.
When the input clock is counted using both edges, the input clock period is halved (e.g. /4 both
edges = ¢/2 rising edge). If phase counting mode is used on channels 1, 2, 4, and 5, this setting
ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is @/4 or slower. This setting is
ignored if the input clock is @/1, or when overflow/underflow of another channel is selected.

Bits 2 to 0—Time Prescaler 2, 1, and 0 (TPSC2 to TPSCO)hese bits select the TCNT counter
clock. The clock source can be selected independently for each channel. Table 10-4 shows the
clock sources that can be set for each channel.

Table 10-4 TPU Clock Sources

Overflow/
Underflow
Internal Clock External Clock on Another

Channel @/l w@/A 2/16 @/64 /256 /1024 @/4096 TCLKA TCLKB TCLKC TCLKD Channel

0 o O O O O O O O

1 o o O O O O O O

2 o O O O O O O O

3 o o o O O O O O

4 o O O O O O O O

5 o o O O O O O O

Legend

QO: Setting

Blank: No setting
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Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on @/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on 8/256
1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on @/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on 8/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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Bit 2 Bit 1 Bit O
Channel  TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 Internal clock: counts on @/1024
1 0 Internal clock: counts on @/256
1 Internal clock: counts on 8/4096
Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on @/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on /1024
1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on @/256

1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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10.2.2  Timer Mode Register (TMDR)

Channel 0: TMDRO
Channel 3: TMDR3

Bit L7 6 5 4 3 2 1 0

. — | — | BFB | BFA | MD3 | MD2 | MDL | MDO |
Initial value : 1 1 0 0 0 0 0 0
RIW S — RW RW RW RW RW  RW

Channel 1: TMDR1
Channel 2: TMDR2
Channel 4: TMDR4
Channel 5: TMDR5

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | mp3 | mp2 | MD1 | MDO |
Initial value : 1 1 0 0 0 0 0 0
RIW S — — — RW RW RW  RW

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mod
for each channel. The TPU has six TMDR registers, one for each channel. The TMDR registers
are initialized to H'CO by a reset, and in hardware standby mode.

TMDR register settings should be made only when TCNT operation is stopped.
Bits 7 and 6—ReservedThese bits are always read as 1 and cannot be modified.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRD, bit 5 is reserved. It is always read as 0 and
cannot be modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA is to operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRC, bit 4 is reserved. It is always read as 0 and can
be modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits 3 to 0—Modes 3 to 0 (MD3 to MDO)These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit 0
MD3*' MD2** MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * _

*: Don't care
Notes: *1 MD3 is a reserved bit. In a write, it should always be written with 0.

*2 Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.
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10.2.3  Timer I/O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2
Channel 3: TIOR3H
Channel 4: TIOR4
Channel 5: TIOR5

Bit L7 6 5 4 3 2 1 0
| 10B3 | 10B2 | I0B1 | I0BO | I0A3 | I10A2 | IOAL | IOAO |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW RW

Channel 0: TIOROL
Channel 3: TIOR3L

Bit L7 6 5 4 3 2 1 0
| 1op3 | 10D2 | loD1 | 10DO | 10C3 | 0C2 | 10C1 | 10CO |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit registers that control the TGR registers. The TPU has eight TIOR
registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers are initialized to H'00 by a reset, and in hardware standby mode.

Care is required since TIOR is affected by the TMDR setting. The initial output specified by
TIOR is valid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also that,
PWM mode 2, the output at the point at which the counter is cleared to 0 is specified.
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Bits 7 to 4— I/O Control B3 to BO (IOB3 to IOB0)

I/O Control D3 to DO (IOD3 to I0DO0):
Bits IOB3 to IOBO specify the function of TGRB.
Bits IOD3 to 10D0 specify the function of TGRD.

Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 I10B1 I0OB0O Description

0 0 0 0 0 TGROB is Output disabled (Initial value)

1 output Initial output is 0 0 output at compare match

—compare

1 0 register 1 output at compare match
1 Toggle output at compare

match
1 0 0 Output disabled

1 Initial outputis 1 0 output at compare match

1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0 TGROB is Capture input Input capture at rising edge

1 input source is Input capture at falling edge
__ capture TIOCBO pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count- up/count-down**
1/count clock

*: Don't care

Note: *1 When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6 Bit5 Bit4

Channel 10D3 10D2 IOD1 I0DO Description
0 0 0 0 0 TGROD is Output disabled (Initial value)
1 OUtPUt isial outputis 0 0 output at compare match
——compare g 0t
1 0 register? 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROD is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
~_ capture TIOCDO pin
1 * register*? Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down**
1/count clock
*: Don't care
Notes: *1 When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1

count clock, this setting is invalid and input capture is not generated.

*2 When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.

295

HITACHI



Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 I0B0O Description
1 0 0 0 0 TGR1B is Output disabled (Initial value)
1 OUtpUt nitial outputis 0 O output at compare match
compare
1 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
. capture TIOCBL1 pin
1 register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGROC TGROC compare match/input
compare match/ capture
input capture
*: Don'’t care
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 I0B0 Description
2 0 0 0 0 TGR2B is Output disabled (Initial value)
1 output pitial outputis 0 0 output at compare match
————————compare ¢
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
. capture TIOCB2 pin
1 register Input capture at both edges
*: Don't care
296

HITACHI



Bit7 Bit6 Bit5 Bit4

Channel 10B3 10B2 IOB1 I0B0 Description
3 0 0 0 0 TGR3B is Output disabled (Initial value)
1 output nitial outputis 0 O output at compare match
————————compare gt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3B is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
. capture TIOCB3 pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT4
source is channel count-up/count-down**
4/count clock
*: Don'’t care
Note: *1 When bits TPSC2 to TPSCO in TCR4 are set to B'000 and g/1 is used as the TCNT4

count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10D3 10D2 IOD1 10DO Description

3 0 0 0 0 TGR3D is Output disabled (Initial value)

1 OUtpUt |itial outputis 0 O output at compare match

compare

1 0 register*> 1 output at compare match
1 Toggle output at compare

match
1 0 0 Output disabled

1 Initial outputis 1 0 output at compare match

1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0 TGR3D is Capture input Input capture at rising edge

1 input source is Input capture at falling edge
~_ capture TIOCD3 pin
1 * register*? Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down**
4/count clock

*: Don'’t care
Notes: *1 When bits TPSC2 to TPSCO in TCR4 are set to B'000 and g/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.

*2 When the BFB bit in TMDR3 is set to 1 and TGR3D is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 I0B0 Description
4 0 0 0 0 TGR4B is Output disabled (Initial value)
1 OUtPUt itial outputis 0 0 output at compare match
—————————compare ot
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4B is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
. capture TIOCB4 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3C TGR3C compare match/
compare match/ input capture
input capture
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 I0B0 Description
5 0 0 0 0 TGR5B is Output disabled (Initial value)
1 OUtPUt itia) outputis 0 0 output at compare match
—compare g0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5B is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
. capture TIOCBS pin
1 * register Input capture at both edges

HITACHI

*: Don't care

299



Bits 3 to 0— I/O Control A3 to A0 (IOA3 to IOAQ)

I/O Control C3 to CO (I0OC3 to I0CO0):

IOA3 to IOAQ specify the function of TGRA.
IOC3 to I0CO specify the function of TGRC.

Bit3 Bit2 Bitl Bit0O

Channel 10A3 I0A2 IOAl1 IOAO0 Description
0 0 0 0 0 TGROA is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
———————————compare .+t
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROA is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
_ capture TIOCAO pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down
1/ count clock
*: Don't care
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Bit3 Bit2 Bitl BitO

Channel [10C3 10C2 IOC1 I0CO Description
0 0 0 0 0 TGROC is Output disabled (Initial value)
1 output nitial outputis 0 O output at compare match
————————compare gt
1 0 register** 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROC is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
. capture TIOCCO pin
1 registers* Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down
1/count clock
*: Don'’t care
Note: *1 When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Bit 3

Bit2 Bitl BitO

Channel [I0A3 I0A2 IOAl1 IOAO0 Description
1 0 0 0 0 TGR1A is Output disabled (Initial value)
1 output pitial outputis 0 0 output at compare match
—————————compare
1 0 register P 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1A is Capture input Input capture at rising edge
1 input sourceIs Input capture at falling edge
. capture TIOCAL pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGROA channel 0/TGROA compare
compare match/ match/input capture
input capture
*: Don'’t care
Bit3 Bit2 Bitl BitO
Channel [0A3 I0A2 IOAl1 IOAO0 Description
2 0 0 0 0 TGR2A is Output disabled (Initial value)
1 output pitial outputis 0 0 output at compare match
—————————compare .+
1 0 register P 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
~ capture TIOCAZ2 pin
1 * register Input capture at both edges
*: Don't care
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Channel

Bit3 Bit2 Bitl BitO
IOA3 I0OA2 I0Al

IOAO Description

3

0 0 0 0

TGR3A is Output disabled

(Initial value)

output

1 Initial output is 0 0 output at compare match
—compare ¢
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3A is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
~ capture TIOCAS3 pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down

4/count clock
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Bit3 Bit2 Bitl BitO0
Channel 10C3 10C2 IOC1 I0CO Description

3 0 0 0 0 TGR3C is Output disabled (Initial value)

1 output pitial outputis 0 0 output at compare match

——————————compare

1 0 register*" P 1 output at compare match
1 Toggle output at compare

match
1 0 0 Output disabled

1 Initial output is 1 0 output at compare match

1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0 TGR3C is Capture input Input capture at rising edge

1 input source is Input capture at falling edge
~ capture TIOCC3 pin
1 * register** Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down
4/count clock

*: Don't care

Note: *1 When the BFA bit in TMDR3 is set to 1 and TGR3C is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit 3

Bit2 Bitl BitO

Channel 10A3 I0A2 IOAl1 IOAO0 Description
4 0 0 0 0 TGR4A is Output disabled (Initial value)
1 output nitial outputis 0 O output at compare match
——compare g0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4A is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
. capture TIOCA4 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3A TGR3A compare match/input
compare match/ capture
input capture
*: Don't care
Bit3 Bit2 Bitl BitO
Channel [0A3 I0A2 IOAl1 IOAO0 Description
5 0 0 0 0 TGR5A is Output disabled (Initial value)
1 output nitial outputis 0 O output at compare match
————————compare gt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5A is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
. capture TIOCAS pin
1 * register Input capture at both edges

HITACHI

*: Don't care
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10.2.4  Timer Interrupt Enable Register (TIER)

Channel 0: TIERO
Channel 3: TIER3

Bit L7 6 5 4 3 2 1 0

| TTGE | — | — | TCIEV | TGIED | TGIEC | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
RIW . RW — — RW RW RW RW  RW

Channel 1: TIER1
Channel 2: TIER2
Channel 4: TIER4
Channel 5: TIER5

Bit L7 6 5 4 3 2 1 0

| TTGE | — | TCIEU | TCEV| — | — | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
RIW . RW — RW  RW — — RW  RW

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has six TIER registers, one for each channel. The TIER registers are
initialized to H'40 by a reset, and in hardware standby mode.
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Bit 7—A/D Conversion Start Request Enable (TTGE):Enables or disables generation of A/D
conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved: This bit is always read as 1 and cannot be modified.

Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by
the TCFU flag when the TCFU flag in TSR is set to 1 in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit 5

TCIEU Description

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TCIV) by
the TCFV flag when the TCFV flag in TSR is set to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is set to 1 in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled
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Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR is set to 1 in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bitin TSR is set to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bitin TSR is setto 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled
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10.2.5 Timer Status Register (TSR)

Channel 0: TSRO
Channel 3: TSR3

Bit L7 6 5 4 3 2 1 0

\ — \ — \ — \ TCFV \ TGFD \ TGFC\ TGFB \ TGFA \
Initial value : 1 1 0 0 0 0 0 0
RIW S — —  RIW)*  RIW)*  RIW)*  RIW)*  RIW)*

Note: * Can only be written with 0 for flag clearing.

Channel 1: TSR1
Channel 2: TSR2
Channel 4: TSR4
Channel 5: TSR5

Bit L7 6 5 4 3 2 1 0
TcPD | — | TCRU | TCRV | — | — | TGFB | TGFA |

Initial value : 1 1 0 0 0 0 0 0

RIW . R —  R(WY  RIW  — —  R(W)*  RIW)*

Note: * Can only be written with O for flag clearing.

The TSR registers are 8-bit registers that indicate the status of each channel. The TPU has six
registers, one for each channel. The TSR registers are initialized to H'CO by a reset, and in
hardware standby mode.
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Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
counts in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 is reserved. It is always read as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved:This bit is always read as 1 and cannot be modified.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1, 2, 4, and 5 are set to phase counting mode.

In channels 0 and 3, bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU = 1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )
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Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3

TGFD Description

0 [Clearing conditions] (Initial value)
* When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is 0
* When 0O is written to TGFD after reading TGFD =1

1 [Setting conditions]

*  When TCNT = TGRD while TGRD is functioning as output compare register

* When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2

TGFC Description

0 [Clearing conditions] (Initial value)
* When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is O
* When 0 is written to TGFC after reading TGFC =1

1 [Setting conditions]

*  When TCNT = TGRC while TGRC is functioning as output compare register

* When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register
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Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1

TGFB Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is 0
* When 0 is written to TGFB after reading TGFB =1

1 [Setting conditions]

When TCNT = TGRB while TGRB is functioning as output compare register

* When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register

Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0
TGFA Description
0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is 0
*  When 0 is written to TGFA after reading TGFA = 1
1 [Setting conditions]
* When TCNT = TGRA while TGRA is functioning as output compare register
* When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
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10.2.6  Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter *)
Channel 2: TCNT2 (up/down-counter *)
Channel 3: TCNT3 (up-counter)
Channel 4: TCNT4 (up/down-counter *)
Channel 5: TCNT5 (up/down-counter *)

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

Initalvalue: 0 O O0 0 O O O O O O O O o o o0 o
R/W : RIW R/W R/W R/W R/W R/IW R/IW R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * These counters can be used as up/down-counters only in phase counting mode or when
counting overflow/underflow on another channel. In other cases they function as up-
counters.

The TCNT registers are 16-bit counters. The TPU has six TCNT counters, one for each channel
The TCNT counters are initialized to H'0000 by a reset, and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-b
unit.
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10.2.7  Timer General Register (TGR)

Bit 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/W R/IW R/IW R/W R/W

The TGR registers are 16-bit registers with a dual function as output compare and input capture
registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for chanr
1,2,4,and 5. TGRC and TGRD for channels 0 and 3 can also be designated for operation as
buffer registers*. The TGR registers are initialized to H'FFFF by a reset, and in hardware standby
mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-hit

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.
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10.2.8 Timer Start Register (TSTR)

Bit L7 6 5 4 3 2 1 0

| — | — | csT5 | cST4 | cST3 | CsT2 | CST1 | CSTO |
Initial value : 0 0 0 0 0 0 0 0
RIW S — RW RW RW RW RW  RW

TSTR is an 8-bit readable/writable register that selects operation/stoppage for channels 0 to 5.
TSTR is initialized to H'00 by a reset, and in hardware standby mode. When setting the operatin
mode in TMDR or setting the count clock in TCR, first stop the TCNT counter.

Bits 7 and 6—ReservedShould always be written with 0.

Bits 5 to 0—Counter Start 5 to 0 (CST5 to CSTO0)These bits select operation or stoppage for
TCNT.

Bit n

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=5to0
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bit is cleared to 0, the pin output level will be changed to the set initial output
value.
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10.2.9 Timer Synchro Register (TSYR)

Bit L7 6 5 4 3 2 1 0
| — | — | SYNC5| SYNC4| SYNC3 | SYNC2| SYNCL | SYNCO|

Initial value : 0 0 0 0 0 0 0 0

RIW S — RW RW RW RW RW  RW

TSYR is an 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0 to 4 TCNT counters. A channel performs synchronous operation whe
the corresponding bit in TSYR is set to 1.

TSYR is initialized to H'00 by a reset, and in hardware standby mode.
Bits 7 and 6—ReservedShould always be written with 0.

Bits 5 to 0—Timer Synchro 5 to 0 (SYNC5 to SYNCO)These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple chHaandls*
synchronous clearing through counter clearing on another chaanelpossible.

Notes: *1 To set synchronous operation, the SYNC bits for at least two channels must be set to

*2 To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.

Bit n
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to

other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

n=5t0
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10.2.10 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0

| MSTPA7| MSTPAG| MSTPAS | MSTPA4| MSTPA3| MSTPA2| MSTPA1| MSTPAO|
Initial value : 0 0 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

MSTPCRA is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPAS bit in MSTPCRA is set to 1, TPU operation stops at the end of the bus cycle
and a transition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 23A.5, 23B.5, Module Stop Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 5—Module Stop (MSTPADS): Specifies the TPU module stop mode.

Bit 5

MSTPAS5  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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10.3 Interface to Bus Master

10.3.1  16-Bit Registers

TCNT and TGR are 16-bit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 10-2.

Internal data bus
H

master : L ::

Bus interface

> Module

data bus

VAN

U @

TCNTH

TCNTL

Figure 10-2 16-Bit Register Access Operation [Bus Mastes TCNT (16 Bits)]

10.3.2  8-Bit Registers

Registers other than TCNT and TGR are 8-bit. As the data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit

units.
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Examples of 8-bit register access operation are shown in figures 10-3, 10-4, and 10-5.

Internal data bus

H
G < >
Bus L ) \\l (x Module
master Bus interface % > data bus
ﬁ N
TCR
Figure 10-3 8-Bit Register Access Operation [Bus Mastes TCR (Upper 8 Bits)]
Internal data bus
H
Bus : :: ) > Module
master L Bus interface

VANPAN

H

> data bus

TMDR

Figure 10-4 8-Bit Register Access Operation [Bus Mastes TMDR (Lower 8 Bits)]

Internal data bus

> Module
> data bus

master Bus interface

=

VANAN

T3

TMDR |

Figure 10-5 8-Bit Register Access Operation [Bus Mastes TCR and TMDR (16 Bits)]
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10.4  Operation

10.4.1  Overview
Operation in each mode is outlined below.

Normal Operation: Each channel has a TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event counting

Each TGR can be used as an input capture register or output compare register.

Synchronous Operation:When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten ¢
the same time. Synchronous clearing of the TCNT counters is also possible by setting the timer
synchronization bits in TSYR for channels designated for synchronous operation.

Buffer Operation

* When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

 When TGR is an input capture register

When input capture occurs, the value in TCNT is transfer to TGR and the value previously
held in TGR is transferred to the buffer register.

Cascaded Operation:The channel 1 counter (TCNT1), channel 2 counter (TCNT2), channel 4
counter (TCNT4), and channel 5 counter (TCNT5) can be connected together to operate as a 32:
bit counter.

PWM Mode: In this mode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode:ln this mode, TCNT is incremented or decremented by detecting the
phases of two clocks input from the external clock input pins in channels 1, 2, 4, and 5. When
phase counting mode is set, the corresponding TCLK pin functions as the clock pin, and TCNT
performs up- or down-counting.

This can be used for two-phase encoder pulse input.
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10.4.2 Basic Functions

Counter Operation: When one of bits CSTO to CST5 is setto 1 in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, period
counter, and so on.

« Example of count operation setting procedure

Figure 10-6 shows an example of the count operation setting procedure.

C Operation selection > [1] Select the counter
clock with bits

TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Periodi ‘ F ) ) [2] For periodic counter
eriodic counter ree-running counter operation, select the

TGR to be used as
the TCNT clearing
2] source with bits
CCLR2 to CCLRO in
TCR.

[3] Designate the TGR
Select output compare register | [3] selected in [2] as an
output compare
register by means of
TIOR.

Set the periodic
counter cycle in the
TGR selected in [2].

Set the CST bitin
TSTR to 1 to start
the counter
operation.

—

Select counter clearing source

[t}

Set period [4] [4]

Start count operation [5] Start count operation [5] [5

—

<Periodic counter> <Free-running counter>

Figure 10-6 Example of Counter Operation Setting Procedure
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» Free-running count operation and periodic count operation
Immediately after a reset, the TPU’s TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bitin TSR is set to 1. If the value of the corresponding TCIEV bitin TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 10-7 illustrates free-running counter operation.

TCNT value
[ e e LR E T R PR

H'0000 Time

CST bit

TCFV

Figure 10-7 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selectec
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matches the value in TGR, the TGF bitin TSR is set to 1 and TCNT is clearec
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.
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Figure 10-8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
compare match
TOR b oo 4~ _COmpare match
H'0000 , Time
CST bit ;
Flag cleared by software or
.+ DTC activation

TGF

Figure 10-8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

« Example of setting procedure for waveform output by compare match
Figure 10-9 shows an example of the setting procedure for waveform output by compare ma

. [1] Select initial value 0 output or 1 output, and
Output selection
compare match output value 0 output, 1 output,

or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
first compare match occurs.

Select waveform output mode | [1]

[2] Set the timing for compare match generation in

TGR.
Set output timing 2] [3] Set thg CST bitin TSTR to 1 to start the count
operation.
Start count operation [3]

i

<Waveform output>

Figure 10-9 Example Of Setting Procedure For Waveform Output By Compare Match
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e Examples of waveform output operation
Figure 10-10 shows an example of 0 output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have beer
made so that 1 is output by compare match A, and 0 is output by compare match B. When the

set level and the pin level coincide, the pin level does not change.

TCNT value

Time

~No change

i ~ i ~ 1 output
TIOCA ‘,—I | | P

TIOCB ~~ No change ~~ No change 0 output
o o

Figure 10-10 Example of 0 Output/1 Output Operation

Figure 10-11 shows an example of toggle output.

In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by b

compare match A and compare match B.

TCNT value

Time

TIOCB Toggle output

TIOCA Toggle output

Figure 10-11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0,
and 4, it is also possible to specify another channel’s counter input clock or compare match sigr
as the input capture source.

Note: When another channel’s counter input clock is used as the input capture input for chann
0 and 3, g/1 should not be selected as the counter input clock used for input capture inpt
Input capture will not be generated if g/1 is selected.

« Example of input capture operation setting procedure
Figure 10-12 shows an example of the input capture operation setting procedure.

< . > [1] Designate TGR as an input capture register by
Input selection . .
means of TIOR, and select rising edge, falling
edge, or both edges as the input capture source
and input signal edge.

Select input capture input 11 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure 10-12 Example of Input Capture Operation Setting Procedure
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« Example of input capture operation
Figure 10-13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value // input (falling edge)
H'O180 |- - - === mm e e

17 U > <N O

H'0010 |- - oo oot

H'0005 |- - o ey e e e

L

H'0000 : \

TIOCA \

TGRA

Figure 10-13 Example of Input Capture Operation
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10.4.3  Synchronous Operation

In synchronous operation, the values in a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.
Channels 0 to 5 can all be designated for synchronous operation.

Example of Synchronous Operation Setting ProcedureFigure 10-14 shows an example of the
synchronous operation setting procedure.

Synchronous 0peration>

selection
Set synchronous 1]
operation
C‘Synchronous presettin@ CSynchronous clearing>
Set TCNT [2] Clearing No
sourcegeneration
channel?
Yes
Select counter 3] Set synchronous [4]
clearing source counter clearing
\ \
Start count [5] Start count [5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,
etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing
source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 10-14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous OperationFigure 10-15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0
2, TGROB compare match has been set as the channel 0 counter clearing source, and synchronc
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performec
for channel 0 to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 10.4.6, PWM Modes.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values

TGROB
TGR1B

TGROA
TGR2B
TGR1A
TGR2A
H'0000

.........................

E ' Time
TIOCOA

TIOC1A

TIOC2A

Figure 10-15 Example of Synchronous Operation
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10.4.4  Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer

registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 10-5 shows the register combinations used in buffer operation.

Table 10-5 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register

0 TGROA TGROC
TGROB TGROD

3 TGR3A TGR3C
TGR3B TGR3D

« When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channe
transferred to the timer general register.

This operation is illustrated in figure 10-16.

Buffer register

Compare match signal

Timer general ——\|
register |/

Comparator

L
N

TCNT

Figure 10-16 Compare Match Buffer Operation
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e When TGR is an input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

This operation is illustrated in figure 10-17.

Input capture
signal

Buffer register Timer general TCNT
register

Figure 10-17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure:Figure 10-18 shows an example of the buffer
operation setting procedure.

C Buff i > [1] Designate TGR as an input capture register or
utier operation output compare register by means of TIOR.
‘ [2] Designate TGR for buffer operation with bits
Select TGR function [1] BFA and BFB in TMDR.

‘ [3] Setthe CST bitin TSTR to 1 to start the count
operation.

Set buffer operation [2]

Start count [3]

'

<Buffer operation>

Figure 10-18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation

When TGR is an output compare register

Figure 10-19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings use
in this example are TCNT clearing by compare match B, 1 output at compare match A, and (
output at compare match B.

As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details of PWM modes, see section 10.4.6, PWM Modes.

TCNT value
TOROB| s gy s
Ho200 | | -

TGROA|. . 1 : 5 D
H'0000 L : : ! ————Time
TGROC H02000 X | HO450 | X | Hos20 X

Transferi\‘ I\ I l\ \ I :\:\:
TGROA X | Ho2o0! X | H0450 ¢
TIOCA

Figure 10-19 Example of Buffer Operation (1)
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e When TGR is an input capture register
Figure 10-20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence o
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

HIOFO7 [ - == m e e e e e e e e e e e e e e e e e e e e e

HUOOFB |-« «xm oo

0151 7. N SN« SN I

H'0000 Time

TIOCA

TGRA H'0532 H'OF07

TGRC

H0532 X HoFo7

Figure 10-20 Example of Buffer Operation (2)
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10.4.5 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock upon overflow/underfio
of TCNT2 (TCNT5) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase-counting mode.
Table 10-6 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1 or 4, the counter clock setting is invalid
and the counter operates independently in phase counting mode.

Table 10-6 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT1 TCNT2
Channels 4 and 5 TCNT4 TCNT5

Example of Cascaded Operation Setting Procedurdzigure 10-21 shows an example of the
setting procedure for cascaded operation.

< Cascaded operation > [1] Set bits TPSC2 to TPSCO in the channel 1
P (channel 4) TCR to B'111 to select TCNT2
‘ (TCNT5) overflow/underflow counting.

Set cascading [1] [2] Setthe CST bitin TSTR for the upper and lower
‘ channel to 1 to start the count operation.

Start count 2]

'

<Cascaded operation>

Figure 10-21 Cascaded Operation Setting Procedure
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Examples of Cascaded Operationkigure 10-22 illustrates the operation when counting upon
TCNT2 overflow/underflow has been set for TCNT1, TGR1A and TGR2A have been designated
as input capture registers, and TIOC pin rising edge has been selected.

When a rising edge is input to the TIOCA1 and TIOCAZ2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGR1A, and the lower 16 bits to TGR2A.

TCNT1 ,_l
clock

TCNT1T  HO03AL X H'03A2

dlock [ [

TCNT2  HFFFF X H'0000 X H'0001
TiocA? | -
TGRIA X H'03A2

TGR2A X H'0000

Figure 10-22 Example of Cascaded Operation (1)

Figure 10-23 illustrates the operation when counting upon TCNT2 overflow/underflow has been
set for TCNT1, and phase counting mode has been designated for channel 2.

TCNTL1 is incremented by TCNT2 overflow and decremented by TCNT2 underflow.

TCLKC _,—\—, I—,_
TCLKD m

TCNT2 XeFFDX FFFE YEFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT1 0000 X 0001 X oooo

Figure 10-23 Example of Cascaded Operation (2)
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10.4.6 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in
register. All channels can be designated for PWM mode independently. Synchronous operation
also possible.

There are two PWM modes, as described below.

L]

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOAO0 and IOC3 to IOCO in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to IOB0 and 10D3 to IODO0 in TIOR is output at compare matches B
and D. The initial output value is the value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registe
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pin is the init
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 10-7.
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Table 10-7 PWM Output Registers and Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCA1
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2
3 TGR3A TIOCA3 TIOCA3
TGR3B TIOCB3
TGR3C TIOCC3 TIOCC3
TGR3D TIOCD3
4 TGR4A TIOCA4 TIOCA4
TGR4B TIOCB4
5 TGR5A TIOCAS TIOCAS5
TGR5B TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM Mode Setting ProcedureFigure 10-24 shows an example of the PWM mode
setting procedure.

< PWM mode > [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [3] Use TIOR to designate the TGR as an output

compare register, and select the initial value and
Select waveform output level | [3] output value.

‘ [4] Setthe cycle in the TGR selected in [2], and set
the duty in the other the TGR.

Set TGR [4]
‘ [5] Select the PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] .
[6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure 10-24 Example of PWM Mode Setting Procedure

Examples of PWM Mode Operation: Figure 10-25 shows an example of PWM mode 1
operation.

In this example, TGRA compare match is set as the TCNT clearing source, 0 is set for the TGR,
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers
the duty.
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TCNT value
Counter cleared by

/ TGRA compare match
TORA |ccmomoe oo L

Figure 10-25 Example of PWM Mode Operation (1)
Figure 10-26 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare ma
is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the output
value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value setin TGR1B is used as the cycle, and the values set in the other TGRs a
the duty.

Counter cleared by TGR1B
TCNT value / compare match

TGRLIB |- ccmmmmmm e
TGRLA oo o o
TGROD ecmceccecece T [ S i R

TGROC fcmmcmceee et T ; :

TGROB }-veeeeee et [ P i (< T g .
TGROA |- _ =77 - -

H'0000

_______________________________________________________

__________

TIOCAO — |

TIOCBO

TIOCCO

TIOCDO

TIOCAlL |

Figure 10-26 Example of PWM Mode Operation (2)
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Figure 10-27 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TONT value TGRB rewritten
TGRA |[----cemeaann T e e S PR
. § O " TGRB
TORB oo TGRB rewritten” | rewnten 1.
|~ Time

H'0000 E | |
TIOCA | 0% duty :

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA |----comemnn- O-mmmmmmm o
TGRB |, :
Time

H'0000 :

d
o
]
>

100% duty I_I

Output does not change when cycle register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA |--eemoeme- [@
: TGRB rewritten
TGRB | : O
! TGRB rewritten
H'0000 : | |+ Time
, 100% duty 0% duty ,
TIOCA . )
Figure 10-27 Example of PWM Mode Operation (3)
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10.4.7 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and &

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bit
CKEGL1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 10-8 shows the correspondence between external clock pins and channels.

Table 10-8 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting Mode Setting ProcedurdEigure 10-28 shows an example of the
phase counting mode setting procedure.

] [1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

v

<Phase counting mode>

Figure 10-28 Example of Phase Counting Mode Setting Procedure
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Examples of Phase Counting Mode Operationn phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

¢ Phase counting mode 1

Figure 10-29 shows an example of phase counting mode 1 operation, and table 10-9
summarizes the TCNT up/down-count conditions.

TCLKA (ch Is 1 and 5)
TOLKC (chamels 2 and &) —  ——  —— I S

TCLKB (channels 1 and 5) ‘|
TCLKD (channels 2 and 4)

TCNT value

Time
Figure 10-29 Example of Phase Counting Mode 1 Operation

Table 10-9 Up/Down-Count Conditions in Phase Counting Mode 1
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level = Up-count
Low level RS
= Low level
1 High level
High level R Down-count
Low level =
= High level
RS Low level
Legend

£ :Rising edge

Y :Falling edge
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e Phase counting mode 2

Figure 10-30 shows an example of phase counting mode 2 operation, and table 10-10
summarizes the TCNT up/down-count conditions.

TCLKA (Channels 1 and 5)
TCLKC (Channels 2 and 4) | | | | | I—, I—, |—

TCLKB (Channels 1 and 5)
TCLKD (Channels 2 and 4)

TCNT value

w’\

: : Time

Figure 10-30 Example of Phase Counting Mode 2 Operation

Table 10-10 Up/Down-Count Conditions in Phase Counting Mode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level = Don't care
Low level 1 Don'’t care
= Low level Don't care
1 High level Up-count
High level 1 Don't care
Low level 4 Don'’t care
= High level Don’t care
1 Low level Down-count
Legend

{ :Rising edge
Y :Falling edge
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* Phase counting mode 3

Figure 10-31 shows an example of phase counting mode 3 operation, and table 10-11
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)

TCLKC (channels 2 and 4) ;

TCLKB (channels 1 and 5)

TCLKD (channels 2 and 4)
TCNT value

V"

S

I

Time
Figure 10-31 Example of Phase Counting Mode 3 Operation

Table 10-11 Up/Down-Count Conditions in Phase Counting Mode 3
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level = Don't care
Low level 1 Don'’t care
£ Low level Don't care
1 High level Up-count
High level 1 Down-count
Low level Ey Don't care
= High level Don't care
1 Low level Don't care
Legend

{ : Rising edge

1 : Falling edge
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e Phase counting mode 4

Figure 10-32 shows an example of phase counting mode 4 operation, and table 10-12
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) J
TCLKC (channels 2 and 4)

TCLKB (channels 1 and 5) |
TCLKD (channels 2 and 4) |

TCNT value

Time

Figure 10-32 Example of Phase Counting Mode 4 Operation

Table 10-12 Up/Down-Count Conditions in Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level £ Up-count
Low level R

= Low level Don’t care
RS High level

High level R Down-count
Low level =

4 High level Don't care
R Low level

Legend

{ :Rising edge
"t :Falling edge
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Phase Counting Mode Application Example:Figure 10-33 shows an example in which phase
counting mode is designated for channel 1, and channel 1 is coupled with channel O to input ser
motor 2-phase encoder pulses in order to detect the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are in
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGROC compare match; TGROA and TGRO
are used for the compare match function, and are set with the speed control period and position
control period. TGROB is used for input capture, with TGROB and TGROD operating in buffer
mode. The channel 1 counter input clock is designated as the TGROB input capture source, anc
detection of the pulse width of 2-phase encoder 4-multiplication pulses is performed.

TGR1A and TGR1B for channel 1 are designated for input capture, channel 0 TGROA and
TGROC compare matches are selected as the input capture source, and store the up/down-coul
values for the control periods.

This procedure enables accurate position/speed detection to be achieved.
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Channel 1

TCLKA Edge
detection| TCNT1
TCLKB circuit
\
TGRI1A = Vi] -
(speed period capture) N -
\
TGR1B = <]* -
(position period capture) [\ ]
TCNTO
+
TGROA (speed control period) — ;l>
TGROC +
(position control period) ;l>
| BBZis
TGROB (pulse width capture) ¥<]>
L Y
~I> TGROD (buffer operation)
Channel 0
Figure 10-33 Phase Counting Mode Application Example
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10.5 Interrupts

10.5.1 Interrupt Sources and Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disable
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order withir
a channel is fixed. For details, see section 5, Interrupt Controller.

Table 10-13 lists the TPU interrupt sources.
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Table 10-13 TPU Interrupts

Interrupt DTC
Channel Source Description Activation Priority
0 TGIOA TGROA input capture/compare match Possible High
TGIOB TGROB input capture/compare match Possible A
TGIOC TGROC input capture/compare match Possible
TGIOD TGROD input capture/compare match Possible
TCIoV TCNTO overflow Not possible
1 TGI1A TGR1A input capture/compare match Possible
TGI1B TGR1B input capture/compare match Possible
TCl1V TCNT1 overflow Not possible
TCI1U TCNT1 underflow Not possible
2 TGI2A TGR2A input capture/compare match Possible
TGI2B TGR2B input capture/compare match Possible
TCI2V TCNT2 overflow Not possible
TCI2U TCNT2 underflow Not possible
3 TGI3A TGR3A input capture/compare match Possible
TGI3B TGR3B input capture/compare match Possible
TGI3C TGR3C input capture/compare match Possible
TGI3D TGR3D input capture/compare match Possible
TCI3V TCNT3 overflow Not possible
4 TGI4A TGRA4A input capture/compare match Possible
TGl4B TGR4B input capture/compare match Possible
TCl4V TCNT4 overflow Not possible
TCl4U TCNT4 underflow Not possible
5 TGI5A TGR5A input capture/compare match Possible
TGI5B TGRS5B input capture/compare match Possible
TCI5V TCNTS5 overflow Not possible
TCI5U TCNTS5 underflow Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: An interrupt is requested if the TGIE bit in TIER is

set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. Tt
TPU has 16 input capture/compare match interrupts, four each for channels 0 and 3, and two e
for channels 1, 2, 4, and 5.

Overflow Interrupt: An interrupt is requested if the TCIEV bit in TIER is set to 1 when the
TCFV flag in TSR is set to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channel.

Underflow Interrupt: An interrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flag in TSR is set to 1 by the occurrence of TCNT underflow on a channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has four underflow interrupts, one
each for channels 1, 2, 4, and 5.

10.5.2 DTC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for a channel. For details, see section 9, Data Transfer Controller.

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation source
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

10.5.3 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bitin TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, a request to start A/D conversion |
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at this time, A/D conversion is started.

In the TPU, a total of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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10.6  Operation Timing

10.6.1  Input/Output Timing

TCNT Count Timing: Figure 10-34 shows TCNT count timing in internal clock operation, and
figure 10-35 shows TCNT count timing in external clock operation.

’ U UL

Internal clock ( ) Falling edge (b Rising edge |
TCNT

input clock ——— —_—

TCNT N-1 >< N >< N+1 >< N+2

Figure 10-34 Count Timing in Internal Clock Operation

: -

External clock@ Falling edge Rising edge Falling edge

\
TCNT

input clock —— I,

TCNT N-1 >< N >< N+1 >< N+2

Figure 10-35 Count Timing in External Clock Operation
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Output Compare Output Timing: A compare match signal is generated in the final state in
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin. After a match between TCNT and TGR, the compare match signal is not
generated until the TCNT input clock is generated.

Figure 10-36 shows output compare output timing.

. S L L e
TCNT

input clock

TCNT N X N+1

TGR N

Compare

match signal

TIOC pin ><

Figure 10-36 Output Compare Output Timing

Input Capture Signal Timing: Figure 10-37 shows input capture signal timing.

N I
Input capture

input |
Input capture

signal

TCNT X N E X N+1 X N+2 E X x

TGR >< N >< N+2

Figure 10-37 Input Capture Input Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 10-38 shows the
timing when counter clearing by compare match occurrence is specified, and figure 10-39 shows
the timing when counter clearing by input capture occurrence is specified.

- U

Compare
match signal

Counter
clear signal

TCNT N >< H'0000

TGR N

Figure 10-38 Counter Clear Timing (Compare Match)

- J Uy

Input capture
signal

Counter clear

signal
TCNT N : >< H'0000
TGR >< N

Figure 10-39 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 10-40 and 10-41 show the timing in buffer operation.

Sy e e

2
TCNT n >< n+l
Compare
match signal
TGRA, 5
TGRB n l >< N
TGRC, :
TGRD N :
Figure 10-40 Buffer Operation Timing (Compare Match)
- J UL UL YL L

Input capture

signal
TCNT N >< N+1
o — - —
. .
TGRD \ " A N
Figure 10-41 Buffer Operation Timing (Input Capture)
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10.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare MatchFigure 10-42 shows the timing for
setting of the TGF flag in TSR by compare match occurrence, and TGl interrupt request signal
timing.

- Jyyy L

TCNT input
clock

TCNT N >< N+1

TGR N

Compare
match signal

TGF flag

TGl interrupt

Figure 10-42 TGl Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture: Figure 10-43 shows the timing for setting
of the TGF flag in TSR by input capture occurrence, and TGI interrupt request signal timing.

- e

Input capture
signal

TCNT N i

TGR i

TGF flag |

TGl interrupt

Figure 10-43 TGl Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 10-44 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 10-45 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

z JU ULy YL
TCNT input
clock

TCNT H'FFFF >< H'0000
(overflow)

Overflow

signal

TCFV flag |

TCIV interrupt |

Figure 10-44 TCIV Interrupt Setting Timing

’ 1 O O
TCNT
input clock

TCNT
(underflow)

Underflow signal

TCFU flag

H'0000 >< H'FFFF

TCIU interrupt |

Figure 10-45 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After a status flag is read as 1 by the CPU, it is cleared by writing
0 to it. When the DTC is activated, the flag is cleared automatically. Figure 10-46 shows the
timing for status flag clearing by the CPU, and figure 10-47 shows the timing for status flag
clearing by the DTC.

TSR write cycle

Tl T2
- Ly
Address >< TSR address ><
Write signal
Status flag
Interrupt
request
signal

Figure 10-46 Timing for Status Flag Clearing by CPU

DTC DTC
read cycle write cycle

T1 T2 T1 T2 |

- J Uy

Destination
Address >< Source address address ><
Status flag
Interrupt
request
signal

Figure 10-47 Timing for Status Flag Clearing by DTC Activation
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10.7 Usage Notes
Note that the kinds of operation and contention described below occur during TPU operation.

Input Clock Restrictions: The input clock pulse width must be at least 1.5 states in the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will no
operate properly with a narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10-48 shows the input clc
conditions in phase counting mode.

Phase Phase
differ- differ-
. Overlap | ence Overlap, ence |

TCLKA 3
(TCLKC) !

TCLKB |

(TCLkDy 1| ]

|
|
|
et -
| |

Pulse width Pulse width

Notes: Phase difference and overlap: 1.5 states or more
Pulse width : 2.5 states or more

Figure 10-48 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

Caution on Period Setting:When counter clearing by compare match is set, TCNT is cleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula:

_ 9%
(N+1)

Where f . Counter frequency
g : Operating frequency
N :TGR setvalue

358
HITACHI



Contention between TCNT Write and Clear Operations:If the counter clear signal is
generated in the T2 state of a TCNT write cycle, TCNT clearing takes precedence and the TCN
write is not performed.

Figure 10-49 shows the timing in this case.

TCNT write cycle
T1 T2
]
g JU Uy Uy Ly L
Address >< TCNT address ><
Write signal
Counter clear
signal
TCNT N >< H'0000

Figure 10-49 Contention between TCNT Write and Clear Operations
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Contention between TCNT Write and Increment Operations:If incrementing occurs in the T2
state of a TCNT write cycle, the TCNT write takes precedence and TCNT is not incremented.

Figure 10-50 shows the timing in this case.

TCNT write cycle
T1 T2
[

- UL
Address >< TCNT address ><
Write signal
TCNT input
clock
TCNT N >< . M

TCNT write data

Figure 10-50 Contention between TCNT Write and Increment Operations
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Contention between TGR Write and Compare Match:If a compare match occurs in the T2
state of a TGR write cycle, the TGR write takes precedence and the compare match signal is
inhibited. A compare match does not occur even if the same value as before is written.

Figure 10-51 shows the timing in this case.

TGR write cycle

e
- J U ULy L
Address >< TGR address ><
Write signal
Comparg -------- <— Inhibited
match signal . !
TCNT N >< N+1
TGR N >< M

TGR write data

Figure 10-51 Contention between TGR Write and Compare Match
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Contention between Buffer Register Write and Compare Matchif a compare match occurs in
the T2 state of a TGR write cycle, the data transferred to TGR by the buffer operation will be the
data prior to the write.

Figure 10-52 shows the timing in this case.

TGR write cycle
e T
- J U Uy
Address Buf;%rd rrcéglsster ><
Write signal
Compare
match signal
Buffer register write data
Buffer -
register N M
TGR >< N

Figure 10-52 Contention between Buffer Register Write and Compare Match
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Contention between TGR Read and Input Capturelf the input capture signal is generated in
the T1 state of a TGR read cycle, the data that is read will be the data after input capture transfe

Figure 10-53 shows the timing in this case.

TGR read cycle

T1 T2 ‘
. S
Address >< TGR address ><

Read signal

Input capture
signal

TGR X >< M

Internal >< M ><

data bus

Figure 10-53 Contention between TGR Read and Input Capture
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Contention between TGR Write and Input Capture: If the input capture signal is generated in
the T2 state of a TGR write cycle, the input capture operation takes precedence and the write to
TGR is not performed.

Figure 10-54 shows the timing in this case.

TGR write cycle

Tl T2
' Ju Uy
Address >< TGR address ><
Write signal
Input capture
signal
TCNT CM

\
TGR >< M
Figure 10-54 Contention between TGR Write and Input Capture
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Contention between Buffer Register Write and Input Capture:If the input capture signal is
generated in the T2 state of a buffer write cycle, the buffer operation takes precedence and the
write to the buffer register is not performed.

Figure 10-55 shows the timing in this case.

Buffer register write cycle

T1 T2 |

. U UL

Buffer register ><
Address address

Write signal

Input capture
signal

siwi

TCNT

TGR M

Buffer
register

Figure 10-55 Contention between Buffer Register Write and Input Capture
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Contention between Overflow/Underflow and Counter Clearing:If overflow/underflow and
counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is not set and TCNT clearing
takes precedence.

Figure 10-56 shows the operation timing when a TGR compare match is specified as the clearinc
source, and H'FFFF is set in TGR.

- LU

TCNT input
clock

TCNT H'FFFF >< H'0000

Counter
clear signal

TGF

Disabled — | ;-----------mmommmmmomomoooes

TCFV |

Figure 10-56 Contention between Overflow and Counter Clearing
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Contention between TCNT Write and Overflow/Underflow: If there is an up-count or down-
count in the T2 state of a TCNT write cycle, and overflow/underflow occurs, the TCNT write
takes precedence and the TCFV/TCFU flag in TSR is not set.

Figure 10-57 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

e ML

Address >< TCNT address ><
Write signal )
TCNT write data
yd
TCNT H'FFFF >< M
TCFV flag ,

Figure 10-57 Contention between TCNT Write and Overflow

Multiplexing of 1/0O Pins: In the chip, the TCLKA input pin is multiplexed with the TIOCCO I/O
pin, the TCLKB input pin with the TIOCDO I/O pin, the TCLKC input pin with the TIOCB1 I/O
pin, and the TCLKD input pin with the TIOCB2 1/O pin. When an external clock is input,
compare match output should not be performed from a multiplexed pin.

Interrupts and Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or the DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.
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Section 11 Programmable Pulse Generator (PPG)

11.1  Overview

The chip has a built-in programmable pulse generator (PPG) that provides pulse outputs by usir
the 16-bit timer-pulse unit (TPU) as a time base. The PPG pulse outputs are divided into 4-bit
groups (group 3 and group 2) that can operate both simultaneously and independently.

11.1.1 Features
PPG features are listed below.

e 8-bit output data
0 Maximum 8-bit data can be output, and output can be enabled on a bit-by-bit basis

e Two output groups
0 Output trigger signals can be selected in 4-bit groups to provide up to two different 4-bit
outputs

e Selectable output trigger signals
O Output trigger signals can be selected for each group from the compare match signals of
four TPU channels

* Non-overlap mode
0 A non-overlap margin can be provided between pulse outputs

« Can operate together with the data transfer controller (DTC)

0 The compare match signals selected as output trigger signals can activate the DTC for
sequential output of data without CPU intervention

e Settable inverted output
O Inverted data can be output for each group

¢ Module stop mode can be set
O As the initial setting, PPG operation is halted. Register access is enabled by exiting modu
stop mode
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11.1.2

Block Diagram

Figure 11-1 shows a block diagram of the PPG.

PO15 ~—j
PO14 -— Pulse output
PO13 =—1 pins, group 3
PO12 ~—j
PO11 ~—j
PO10 =— Pulse output
PO9 - pins, group 2
PO8 ~=—j

Compare match signals

Ly

NDERH

NDERL

Control logic

PMR

PCR

--------------- PODRH

Pulse output
pins, group 1
--------------- PODRL

Pulse output
pins, group O

Internal
data bus

Legend

PMR : PPG output mode register

PCR : PPG output control register

NDERH : Next data enable register H

NDERL : Next data enable register L

NDRH : Next data register H

NDRL : Next data register L

PODRH : Output data register H

PODRL : Output data register L

Figure 11-1 Block Diagram of PPG
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11.1.3 Pin Configuration
Table 11-1 summarizes the PPG pins.

Table 11-1 PPG Pins

Name Symbol I/0 Function

Pulse output 8 PO8 Output Group 2 pulse output
Pulse output 9 PO9 Output

Pulse output 10 PO10 Output

Pulse output 11 PO11 Output

Pulse output 12 PO12 Output Group 3 pulse output
Pulse output 13 PO13 Output

Pulse output 14 PO14 Output

Pulse output 15 PO15 Output
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11.1.4 Reqgisters
Table 11-2 summarizes the PPG registers.

Table 11-2 PPG Registers

Name Abbreviation R/W Initial Value Address *!
PPG output control register PCR R/W H'FF H'FE26
PPG output mode register PMR R/W H'FO H'FE27
Next data enable register H NDERH R/W H'00 H'FE28
Next data enable register L** NDERL R/W H'00 H'FE29
Output data register H PODRH R/(W)**>  H00 H'FE2A
Output data register L** PODRL R/(W)*?  H'00 H'FE2B
Next data register H NDRH R/W H'00 H'FE2C*?
H'FE2E
Next data register L** NDRL R/IW H'00 H'FE2D*?
H'FE2F
Port 1 data direction register P1DDR w H'00 H'FE30
Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: *1 Lower 16 bits of the address.
*2 Bits used for pulse output cannot be written to.

*3 When the same output trigger is selected for pulse output groups 2 and 3 by the PCR
setting, the NDRH address is H'FE2C. When the output triggers are different, the
NDRH address is H'FE2E for group 2 and H'FE2C for group 3.

Similarly, when the same output trigger is selected for pulse output groups 0 and 1 by
the PCR setting, the NDRL address is H'FE2D. When the output triggers are different,
the NDRL address is H'FE2F for group 0 and H'FE2D for group 1.

*4 The chip has no pins corresponding to pulse output groups 0 and 1.
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11.2  Register Descriptions

11.2.1  Next Data Enable Registers H and L (NDERH, NDERL)

NDERH
Bit : 7 6 5 4 3 2 1 0
\NDERls\NDER14\NDER13\NDER12\NDER11\NDERlﬂ NDERQ‘ NDERS‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW  RW RW  RW RW  RW RIW
NDERL
Bit : 7 6 5 4 3 2 1 0
\ NDER?‘ NDER6‘ NDERS‘ NDER4‘ NDERS‘ NDER2‘ NDERl‘ NDERO‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RW  RW RW  RW RW  RIW RIW

NDERH and NDERL are 8-bit readable/writable registers that enable or disable pulse output on
bit-by-bit basis.

If a bit is enabled for pulse output by NDERH or NDERL, the NDR value is automatically
transferred to the corresponding PODR bit when the TPU compare match event specified by PC
occurs, updating the output value. If pulse output is disabled, the bit value is not transferred froi
NDR to PODR and the output value does not change.

NDERH and NDERL are each initialized to H'00 by a reset and in hardware standby mode. The
are not initialized in software standby mode.

NDERH Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS8T.hese bits enable or
disable pulse output on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDER8 Description

0 Pulse outputs PO15 to PO8 are disabled (NDR15 to NDR8 are not
transferred to POD15 to PODS8) (Initial value)

1 Pulse outputs PO15 to PO8 are enabled (NDR15 to NDR8 are transferred

to POD15 to PODS)
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NDERL Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO)These bits enable or
disable pulse output on a bit-by-bit basis.

Bits 7to O

NDER7 to NDERO Description

0 Pulse outputs PO7 to POO are disabled (NDR7 to NDRO are not
transferred to POD7 to PODO) (Initial value)

1 Pulse outputs PO7 to POO are enabled (NDR7 to NDRO are transferred to

POD? to PODO)

11.2.2  Output Data Registers H and L (PODRH, PODRL)

PODRH
Bit : 7 6 5 4 3 2 1 0

\ POD15‘ POD14‘ POD13‘ PODlZ‘ PODll‘ PODlO‘ POD9 \ PODS
Initial value : 0 0 0 0 0 0 0 0
RIW CORIWY RIW)E RIW)* RIW)*  RIW)*  RIW)*  RI(W)*  RIW)*
PODRL
Bit : 7 6 5 4 3 2 1 0

\ POD7 \ POD6 \ PODS5 \ POD4 \ POD3 \ POD2 \ POD1 \ PODO
Initial value : 0 0 0 0 0 0 0 0
RIW CORIWY RIW)* RIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RIW)*

Note: * A bit that has been set for pulse output by NDER is read-only.

PODRH and PODRL are 8-bit readable/writable registers that store output data for use in pulse
output. However, the chip has no pins corresponding to PODRL.
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11.2.3 Next Data Registers H and L (NDRH, NDRL)

NDRH and NDRL are 8-bit readable/writable registers that store the next data for pulse output.
During pulse output, the contents of NDRH and NDRL are transferred to the corresponding bits
PODRH and PODRL when the TPU compare match event specified by PCR occurs. The NDRI
and NDRL addresses differ depending on whether pulse output groups have the same output
trigger or different output triggers. For details see section 11.2.4, Notes on NDR Access.

NDRH and NDRL are each initialized to H'00 by a reset and in hardware standby mode. They &

not initialized in software standby mode.

11.2.4 Notes on NDR Access

The NDRH and NDRL addresses differ depending on whether pulse output groups have the sar
output trigger or different output triggers.

Same Trigger for Pulse Output Groups:If pulse output groups 2 and 3 are triggered by the
same compare match event, the NDRH address is H'FE2C. The upper 4 bits belong to group 3
and the lower 4 bits to group 2. Address H'FE2E consists entirely of reserved bits that cannot b
modified and are always read as 1.

Address H'FE2C

Bit L7 6 5 4 3 2 1 0

| NDR15 | NDR14 | NDR13 | NDR12 | NDR11 | NDR10 | NDR9 | NDRS |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Address H'FE2E

Bit 7 6 5 4 3 2 1 0
- -1 - -1 -7T-1-1=1

Initial value : 1 1 1 1 1 1 1 1

rRW @ = = = = = = = =

If pulse output groups 0 and 1 are triggered by the same compare match event, the NDRL addre
is HFE2D. The upper 4 bits belong to group 1 and the lower 4 bits to group 0. Address H'FE2F
consists entirely of reserved bits that cannot be modified and are always read as 1. However, th
chip has no output pins corresponding to pulse output groups 0 and 1.
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Address H'FE2D

Bit L7 6 5 4 3 2 1 0

| NDR7 | NDR6 | NDR5 | NDR4 | NDR3 | NDR2 | NDR1 | NDRO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Address H'FE2F

Bit : 7 6 5 4 3 2 1 0
-l -1l -1 -] -1=-]T~=-71T =

Initial value : 1 1 1 1 1 1 1 1

R/W : — — — — — — — _

Different Triggers for Pulse Output Groups: If pulse output groups 2 and 3 are triggered by
different compare match events, the address of the upper 4 bits in NDRH (group 3) is H'FE2C an
the address of the lower 4 bits (group 2) is H'FE2E. Bits 3 to 0 of address H'FE2C and bits 7 to 4
of address H'FE2E are reserved bits that cannot be modified and are always read as 1.

Address H'FE2C

Bit L7 6 5 4 3 2 1 0

| NDRI5 | NDR14| NDR13 | NDR12| — | — | — | — |
Initial value : 0 0 0 0 1 1 1 1
RIW . RW RW RW  RW _ _ _ _

Address H'FE2E

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | NDRI1| NDR10| NDR9 | NDRS |
Initial value : 1 1 1 1 0 0 0 0
RIW S — — — RW RW RW  RW

If pulse output groups 0 and 1 are triggered by different compare match event, the address of the
upper 4 bits in NDRL (group 1) is H'FE2D and the address of the lower 4 bits (group 0) is
H'FE2F. Bits 3 to 0 of address H'FE2D and bits 7 to 4 of address H'FE2F are reserved bits that
cannot be modified and are always read as 1. However, the chip has no output pins correspondir
to pulse output groups 0 and 1.
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Address H'FE2D

Bit L7 6 5 4 3 2 1 0

| NDR7 | NDR6 | NDR5 | NDR4 | — | — | — | — |
Initial value : 0 0 0 0 1 1 1 1
RIW . RW RW RW  RW _ _ _ _

Address H'FE2F

Bit L7 6 5 4 3 2 1 0
— | — | — | — | NDR3 | NDR2 | NDR1 | NDRO |

Initial value : 1 1 1 1 0 0 0 0

RIW S — — — RW RW RW  RW

11.2.5 PPG Output Control Register (PCR)

Bit L7 6 5 4 3 2 1 0
| G3CMS1| G3CMSO0| G2CMS1| G2CMS0| GICMS1 | G1CMS0| GOCMS1 | GOCMSO|

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW RW

PCR is an 8-bit readable/writable register that selects output trigger signals for PPG outputs on
group-by-group basis.

PCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CMS1, G3CMS0)hese bits
select the compare match that triggers pulse output group 3 (pins PO15 to PO12).

Description

Bit 7 Bit 6
G3CMS1 G3CMSO0 QOutput Trigger for Pulse Output Group 3
0 0 Compare match in TPU channel 0

1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2

1 Compare match in TPU channel 3 (Initial value)
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Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CMS1, G2CMSOjhese bits
select the compare match that triggers pulse output group 2 (pins PO11 to PO8).

Description
Bit 5 Bit 4
G2CMS1 G2CMSO0 Output Trigger for Pulse Output Group 2
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CMS1, G1CMS0)hese bits
select the compare match that triggers pulse output group 1 (pins PO7 to PO4). However, the ch
has no output pins corresponding to pulse output group 1.

Description
Bit 3 Bit 2
G1CMS1 G1CMSO0 Output Trigger for Pulse Output Group 1
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCMS1, GOCMSQjhese bits
select the compare match that triggers pulse output group 0 (pins PO3 to PO0). However, the ch
has no output pins corresponding to pulse output group 0.

Description

Bit 1 Bit 0
GOCMS1 GOCMSO0 Output Trigger for Pulse Output Group 0O
0 0 Compare match in TPU channel 0

1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2

1 Compare match in TPU channel 3 (Initial value)
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11.2.6 PPG Output Mode Register (PMR)

Bit L7 6 5 4 3 2 1 0

| G3INV | G2INV | GLINV | GOINV | G3NOV | G2NOV | GINOV | GONOV |
Initial value : 1 1 1 1 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PMR is an 8-bit readable/writable register that selects pulse output inversion and non-overlappit
operation for each group.

The output trigger period of a non-overlapping operation PPG output waveform is set in TGRB
and the non-overlap margin is set in TGRA. The output values change at compare match A anc

For details, see section 11.3.4, Non-Overlapping Pulse Output.

PMR is initialized to H'FO by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Group 3 Inversion (G3INV): Selects direct output or inverted output for pulse output
group 3 (pins PO15 to PO12).

Bit 7

G3INV Description

0 Inverted output for pulse output group 3 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 3 (high-level output at pin for a 1 in PODRH)

(Initial value)

Bit 6—Group 2 Inversion (G2INV): Selects direct output or inverted output for pulse output
group 2 (pins PO11 to PO8).

Bit 6

G2INV Description

0 Inverted output for pulse output group 2 (low-level output at pin for a 1 in PODRH)

1 Direct output for pulse output group 2 (high-level output at pin for a 1 in PODRH)
(Initial value)
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Bit 5—Group 1 Inversion (G1INV): Selects direct output or inverted output for pulse output
group 1 (pins PO7 to PO4). However, the chip has no pins corresponding to pulse output group 1

Bit 5

G1INV Description

0 Inverted output for pulse output group 1 (low-level output at pin for a 1 in PODRL)

1 Direct output for pulse output group 1 (high-level output at pin for a 1 in PODRL)
(Initial value)

Bit 4—Group 0 Inversion (GOINV): Selects direct output or inverted output for pulse output
group 0 (pins PO3 to POO0). However, the chip has no pins corresponding to pulse output group C

Bit 4

GOINV Description

0 Inverted output for pulse output group 0 (low-level output at pin for a 1 in PODRL)

1 Direct output for pulse output group O (high-level output at pin for a 1 in PODRL)
(Initial value)

Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping operation for pulse
output group 3 (pins PO15 to PO12).

Bit 3

G3NOV Description

0 Normal operation in pulse output group 3 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 3 (independent 1 and O output at

compare match A or B in the selected TPU channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping operation for pulse
output group 2 (pins PO11 to PO8).

Bit 2

G2NOV Description

0 Normal operation in pulse output group 2 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 2 (independent 1 and O output at

compare match A or B in the selected TPU channel)
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Bit 1—Group 1 Non-Overlap (G1NOV): Selects normal or non-overlapping operation for pulse
output group 1 (pins PO7 to PO4). However, the chip has no pins corresponding to pulse output
group 1.

Bit 1

G1NOV Description

0 Normal operation in pulse output group 1 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 1 (independent 1 and 0 output at

compare match A or B in the selected TPU channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping operation for pulse
output group 0 (pins PO3 to POO0). However, the chip has no pins corresponding to pulse output
group O.

Bit 0

GONOV Description

0 Normal operation in pulse output group 0 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group O (independent 1 and O output at

compare match A or B in the selected TPU channel)
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11.2.7 Port 1 Data Direction Register (P1DDR)

Bit L7 6 5 4 3 2 1 0

| P17DDR | P16DDR| P15DDR | P14DDR| P13DDR | P12DDR| P11DDR| P10DDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1.

Port 1 is multiplexed with pins PO15 to PO8. Bits corresponding to pins used for PPG output mus
be setto 1. For further information about P1DDR, see section 9.2, Port 1.

11.2.8 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0

| MSTPA7| MSTPAG| MSTPAS| MSTPA4 MSTPA3| MSTPA2| MSTPAL| MSTPAO
Initial value : 0 0 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

MSTPCRA is a 16-bit readable/writable register that performs module stop mode control.

When the MSTPAS bit in MSTPCRA is set to 1, PPG operation stops at the end of the bus cycle
and a transition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 23A.5, 23B.5, Module Stop Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized by a
manual reset and in software standby mode.

Bit 3—Module Stop (MSTPA3): Specifies the PPG module stop mode.

Bit 3

MSTPA3  Description

0 PPG module stop mode cleared

1 PPG module stop mode set (Initial value)
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11.3  Operation

11.3.1 Overview

PPG pulse output is enabled when the corresponding bits in PLDDR and NDER are setto 1. In
this state the corresponding PODR contents are output.

When the compare match event specified by PCR occurs, the corresponding NDR bit contents «
transferred to PODR to update the output values.

Figure 11-2 illustrates the PPG output operation and table 11-3 summarizes the PPG operating
conditions.

DDR NDER
Q
Output trigger signal
C
Q PODR D Q NDR Dj=— Internal data bus
Pulse output pin

Normal output/inverted output

Figure 11-2 PPG Output Operation

Table 11-3 PPG Operating Conditions

NDER DDR Pin Function
0 0 Generic input port
1 Generic output port
1 0 Generic input port (but the PODR bit is a read-only bit, and when

compare match occurs, the NDR bit value is transferred to the PODR bit)

1 PPG pulse output

Sequential output of data of up to 16 bits is possible by writing new output data to NDR before
the next compare match. For details of non-overlapping operation, see section 11.3.4, Non-
Overlapping Pulse Output.
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11.3.2  Output Timing

If pulse output is enabled, NDR contents are transferred to PODR and output when the specified
compare match event occurs. Figure 11-3 shows the timing of these operations for the case of
normal output in groups 2 and 3, triggered by compare match A.

° N O B O B B B
TONT X N X w1 X

TGRA N

Compare match

A signal

NDRH n

PODRH m >< ~ n
PO8 to PO15 m >< n

Figure 11-3 Timing of Transfer and Output of NDR Contents (Example)
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11.3.3  Normal Pulse Output

Sample Setup Procedure for Normal Pulse OutputEigure 11-4 shows a sample procedure for
setting up normal pulse output.

[1] Set TIOR to make TGRA an output

Normal PPG output
C P > compare register (with output

| Select TGR functions | [1] disabled)
\ [2] Setthe PPG output trigger period
| Set TGRA value | 2l [3] Select the counter clock source
TPU setup \ . . .
| Set counting oneration | ) with bits TPSC2 to TPSCO in TCR.
? s Select the counter clear source
| - with bits CCLR1 and CCLRO.
Select interrupt request | [4]
[ [4] Enable the TGIA interrupt in TIER.
| Setinitial outputdata | [5] The DTC can also be set up to
\ transfer data to NDR.
Port and | Enable pu‘lse output | (6] [5] Setthe initial output values in
PODR.
PPG setup | Select output trigger | [7]
[ [6] Setthe DDR and NDER bits for the
Set next pulse 8] pins to be used for pulse output to 1.
OUtpuT data [7] Select the TPU compare match
event to be used as the output
TPU setup | Start counter | [9]

trigger in PCR.

No [8] Set the next pulse output values in
NDR.

Sot next pulse [9] Setthe CST bitin TSTRto1to
output g;a [10] start the TCNT counter.

\ [10] At each TGIA interrupt, set the next
output values in NDR.

Figure 11-4 Setup Procedure for Normal Pulse Output (Example)
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Example of Normal Pulse Output (Example of Five-Phase Pulse Outputltigure 11-5 shows
an example in which pulse output is used for cyclic five-phase pulse output.

TCNT value TCNT Compare match

H'0000

NDRH 80><C‘0><40><60><2‘0><30><1‘0><18><08><88><80><CO><40

60><20><30><10‘

= Time

PODRH 00 x 80><col 40 |

PO15

PO12

PO11

Figure 11-5 Normal Pulse Output Example (Five-Phase Pulse Output)

[1] Set up the TPU channel to be used as the output trigger channel so that TGRA is an output
compare register and the counter will be cleared by compare match A. Set the trigger period i
TGRA and set the TGIEA bit in TIER to 1 to enable the compare match A (TGIA) interrupt.

[2] Write H'F8 in PLDDR and NDERH, and set the G3CMS1, G3CMS0, G2CMS1, and G2CMS0
bits in PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Write output data H'80 in NDRH.

[3] The timer counter in the TPU channel starts. When compare match A occurs, the NDRH
contents are transferred to PODRH and output. The TGIA interrupt handling routine writes the
next output data (H'CO) in NDRH.

[4] Five-phase overlapping pulse output (one or two phases active at a time) can be obtained
subsequently by writing H'40, H'60, H'20, H'30. H'10, H'18, H'08, H'88... at successive TGIA
interrupts. If the DTC is set for activation by this interrupt, pulse output can be obtained
without imposing a load on the CPU.
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11.3.4  Non-Overlapping Pulse Output

Sample Setup Procedure for Non-Overlapping Pulse Outpufigure 11-6 shows a sample
procedure for setting up non-overlapping pulse output.

Non-overlapping [1] Set TIOR to make TGRA and

< PPG output > TGRB an output compare registers
\ (with output disabled)

| Select TGR functions | [1]
[ [2] Set the pulse output trigger period

| Set TGR values | 2] in TGRB and the non-overlap

TPU setup ‘ margin in TGRA.
| Set counting operation | (3] [3] Select the counter clock source

_ ‘ with bits TPSC2 to TPSCO in TCR.
| Select interrupt request | (4] Select the counter clear source
\ with bits CCLR1 and CCLRO.

| Set initial output data | [5] ) )
| [4] Enable the TGIA interrupt in TIER.
The DTC can also be set up to
Enabl | tput 6
| nab'e pu‘se outpu | [6] transfer data to NDR.
PPG setup | Select output trigger | [7] [5] Set the initial output values in

\ PODR.

Set non-overlapping groups | [8
| ‘pp 9 grotp | ] [6] Setthe DDR and NDER bits for the

pins to be used for pulse output to
(9] 1.

Set next pulse
output data

‘ [7] Select the TPU compare match
TPU setup | Start counter | [10] event to be used as the pulse
| output trigger in PCR.

Compare match?

Yes

[8] In PMR, select the groups that will
operate in non-overlap mode.

Set next pulse
output data

[11] [9] Set the next pulse output values in
NDR.

[10] Set the CST bitin TSTR to 1 to
start the TCNT counter.

[11] At each TGIA interrupt, set the next
output values in NDR.

Figure 11-6 Setup Procedure for Non-Overlapping Pulse Output (Example)
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Example of Non-Overlapping Pulse Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 11-7 shows an example in which pulse output is used for four-
phase complementary non-overlapping pulse output.

TCNT value
L] I e A il e S R T

—»Time

PODRH ‘00 >< 95 >.< 65 >.< 59 >.< 56 >.< 95 >.< 65 >D<
PO15 3|—|3 33333|—|3 33
po14 o 3| o —
on [
oz [ [
on [
boto | — —
IR R e I

Figure 11-7 Non-Overlapping Pulse Output Example (Four-Phase Complementary)
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[1] Set up the TPU channel to be used as the output trigger channel so that TGRA and TGRB a
output compare registers. Set the trigger period in TGRB and the non-overlap margin in
TGRA, and set the counter to be cleared by compare match B. Set the TGIEA bitin TIER to
to enable the TGIA interrupt.

[2] Write H'FF in PLDDR and NDERH, and set the G3CMS1, G3CMSO0, G2CMS1, and G2CMS(
bits in PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Set the G3NOV and G2NOV bits in PMR to 1 to select non-overlapping outpu
Write output data H'95 in NDRH.

[3] The timer counter in the TPU channel starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change fron
to 1 (the change from 0 to 1 is delayed by the value set in TGRA). The TGIA interrupt
handling routine writes the next output data (H'65) in NDRH.

[4] Four-phase complementary non-overlapping pulse output can be obtained subsequently by
writing H'59, H'56, H'95... at successive TGIA interrupts. If the DTC is set for activation by
this interrupt, pulse output can be obtained without imposing a load on the CPU.
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11.3.5 Inverted Pulse Output

If the G3INV, G2INV, G1INV, and GOINV bits in PMR are cleared to 0, values that are the
inverse of the PODR contents can be output.

Figure 11-8 shows the outputs when G3INV and G2INV are cleared to 0, in addition to the
settings of figure 11-7.

TCNT value
TGRB oo m oo e e e e e

) ! ) ) )
LT
B I I I
oz Lo L
-

o0 | [
POY L b b | | L b
Po8 | L L | | L L

Figure 11-8 Inverted Pulse Output (Example)
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11.3.6  Pulse Output Triggered by Input Capture

Pulse output can be triggered by TPU input capture as well as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be
triggered by the input capture signal.

Figure 11-9 shows the timing of this output.

TIOC pin (D\

Input capture
signal

NDR N
PODR M X S
PO M X N

Figure 11-9 Pulse Output Triggered by Input Capture (Example)
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11.4 Usage Notes

Operation of Pulse Output Pins:Pins PO8 to PO15 are also used for other peripheral functions
such as the TPU. When output by another peripheral function is enabled, the corresponding pins
cannot be used for pulse output. Note, however, that data transfer from NDR bits to PODR bits
takes place, regardless of the usage of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

Note on Non-Overlapping Output: During non-overlapping operation, the transfer of NDR bit
values to PODR bits takes place as follows.

» NDR bits are always transferred to PODR bits at compare match A.

e At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their value is 1.

Figure 11-10 illustrates the non-overlapping pulse output operation.

DDR NDER

Compare match A
Compare match B

c

Pulse Q PODR D «—Q NDR Df~—— Internal data bus
output
pin

Normal output/inverted output

Figure 11-10 Non-Overlapping Pulse Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. The NDR contents should not be altered during the interval from compare
match B to compare match A (the non-overlap margin).

This can be accomplished by having the TGIA interrupt handling routine write the next data in
NDR, or by having the TGIA interrupt activate the DTC. Note, however, that the next data must
be written before the next compare match B occurs.

Figure 11-11 shows the timing of this operation.

Compare match A |—| |—|
Compare match B ,_l

! . Write to NDR ! . Write to NDR

NDR ‘ >< ><

PODR ‘ X ><

0 output  0/1 output 0 output 0/1 output
Write to NDR —+—+—Write to NDR
Do not write Nereé Do not write  Nere
to NDR here to NDR here

Figure 11-11 Non-Overlapping Operation and NDR Write Timing
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Section 12 Watchdog Timer

12.1  Overview

The chip has two channel inbuilt watchdog timers (WDTO/WDY.1The WDT can also generate
an internal reset signal for the chip if a system crash prevents the CPU from writing to the timer
counter, allowing it to overflow.

When this watchdog function is not needed, the WDT can be used as an interval timer. In inten
timer operation, an interval timer interrupt is generated each time the counter overflows.

12.1.1 Features
WDT features are listed below.
« Switchable between watchdog timer mode and interval timer mode

* An internal reset can be issued if the timer counter overflows.
In the watchdog timer mode, the WDT can generate an internal reset.

« Interrupt generation when in interval timer mode
If the counter overflows, the WDT generates an interval timer interrupt.

< WDTO and WDT1 respectively allow eight and sixteen types of counter input clock to be
selected
The maximum interval of the WDT is given as a system clock cy&/@1072x 256.
A subclock® may be selected for the input counter of WDT1.
Where a subclock is selected, the maximum interval is given as a subclock 2p8e 256.

Notes: *1 Versions of the H8S/2636 and H8S/2638 other than the U-mask and W-mask version
have an on-chip single-channel watchdog timer (WDTO). (The U-mask and W-mask
versions of the H8S/2636, H8S/2638, and H8S/2639 support use of two watchdog
timer channels (WDTO and WDT1).)

*2 Subclock functions (subactive mode, subsleep mode, and watch mode) are available
the U-mask and W-mask versions only of the H8S/2636, H8S/2638, and H8S/2639.
See section 22A.7, Subclock Oscillator, for the method of fixing pins when OSC1 and
OSC2 are not used. The H8S/2639 has no OSC1 and OSC2 pins.
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12.1.2  Block Diagram

Figures 12-1 (a) and 12-1 (b) show block diagrams of the WDT.

3 Overflow al2*2
WOVI 0 4_; Interrupt « g/64™
(interrupt request control = l«—— /1282

Clock |«—@/512"2
select |« /20482
e /819272
/327682

Reset ~5/131072"2
control

signal) Clock

Internal clock

Legend

TCSR : Timer control/status register
TCNT  : Timer counter

RSTCSR: Reset control/status register

Note: *1 The type of internal reset signal depends on a register setting.
*2 In subactive and subsleep modes, @ operates as gSUB.

| sources

| RsTCsR |<JT TCNT |« TSCR |

i O O O Bus

f Module bus interface K | >

Internal bus

Figure 12-1 (a) Block Diagram of WDTO
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3 le—@/2 ! %2
wovilT <] z—o/64 | 223:;421*2
(Interrupt request signal) Interrupt l«—2/128 . sSUB/8*2
! control Clock |+—@/512 1 2
Internal NMI R Overflow Clock select |= @/2048 : ﬂSUB/lG*Z
Interrupt request signal ! 2/8192 : 2SUB/32
; Reset @SUB/64*2
! control «—2/32768 ! 2
! -aSUB/128
Internal reset signal*! <—ﬁ =—2/131072 @SUB/256%*2
! Internal clock !
| t |
| g
| TCNT TCSR =
, o |- vese | 2
| Bus CE
f Module bus interface LD

Legend:
TCSR : Timer control/status register
TCNT : Timer counter

Notes: *1 An internal reset signal can be generated by setting the register
The reset thus generated is a reset
*2 Subclock functions (subactive mode, subsleep mode, and watch mode) are available
in the U-mask and W-mask versions only of the H8S/2636, H8S/2638, and H8S/2639 only.

Figure 12-1 (b) Block Diagram of WDT1
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12.1.3  Pin Configuration

There are no pins related to the WDT.

12.1.4 Register Configuration

The WDT has five registers, as summarized in table 12-1. These registers control clock selection
WDT mode switching, and the reset signal.

Table 12-1 WDT Registers

Address **

Channel Name Abbreviation R/W Initial Value Write *> Read
0 Timer control/status register 0 TCSRO R/(W)*® H'18 H'FF74 HFF74
Timer counter O TCNTO R/W H'00 HFF74 H'FF75
Reset control/status register RSTCSRO R/(W)** H'1F H'FF76 HFF77
1 Timer control/status register 1 TCSR1 R/(W)** H'00 H'FFA2 HFFA2
Timer counter 1 TCNT1 R/W H'00 H'FFA2 H'FFA3

Notes: *1 Lower 16 bits of the address.
*2 For details of write operations, see section 12.2.4, Notes on Register Access.
*3 Only a write of 0 is permitted to bit 7, to clear the flag.
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12.2  Register Descriptions

12.2.1  Timer Counter (TCNT)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCNT is an 8-bit readable/writable* up-counter.

When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKSO0 in TCSR. When the count overflows (changes fron
H'FF to H'00), an interval timer interrupt (WOVI) is generated, depending on the mode selected
the WTIT bit in TCSR.

TCNT is initialized to H'00 by a reset, in hardware standby mode, or when the TME bit is clearec
to 0. It is not initialized in software standby mode.

Note: * TCNT is write-protected by a password to prevent accidental overwriting. For details se
section 12.2.4, Notes on Register Access.
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12.2.2  Timer Control/Status Register (TCSR)

TCSRO
Bit L7 6 5 4 3 2 1 0
\ OVF \ \NTHT‘ T™ME \ — \ — \ CKS2 \ CKS1 \ CKS0
Initial value : 0 0 0 1 1 0 0 0
RIW . RIW)* RW  RMW — — RW  RW  RMW

Note: * Only a 0 may be written to this bit to clear the flag.

TCSR1
Bit : 7 6 5 4 3 2 1 0
\ OVF \ WTAT \ T™E \ PSS*? RSUNMW CKS2 \ CKS1 \ CKSO0
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW)**  RW  RW RW  RW RW  RW RIW

Notes: *1 Only a 0 may be written to this bit to clear the flag.

*2 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
the U-mask and W-mask versions only of the H8S/2636, H8S/2638, and H8S/2639
only.

TCSR is an 8-bit readable/writable* register. Its functions include selecting the clock source to be
input to TCNT, and the timer mode.

TCSRO (TCSR1) is initialized to H'18 (H'00) by a reset and in hardware standby mode. It is not
initialized in software standby mode.

Note: * TCSR is write-protected by a password to prevent accidental overwriting. For details see
section 12.2.4, Notes on Register Access.
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Bit 7—Overflow Flag (OVF): Indicates that TCNT has overflowed from H'FF to H'0O.

Bit 7
OVF Description
0 [Clearing conditions] (Initial value)

» Cleared when 0 is written to the TME bit (Only applies to WDT1)
» Cleared by reading TCSR* when OVF = 1, then writing 0 to OVF
1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.

Note: * When interval timer interrupts are disabled and OVF is polled, read the OVF = 1 state at
least twice.

Bit 6—Timer Mode Select (WTAT): Selects whether the WDT is used as a watchdog timer or
interval timer. This selection determines whether WDTO issues an internal reset when TCNT
overflows while bit RSTE of the reset control/status register (RSTCSR) is setto 1. In the interv.
timer mode, WDTO sends a WOVI interrupt request to the CPU. WDT1, on the other hand,
requests a reset or an NMI interrupt from the CPU if the watchdog timer mode is chosen, where
it requests a WOVI interrupt from the CPU if the interval timer mode is chosen.

WDTO Mode Select

TCSRO
WT/IT Description
0 Interval timer mode: WDTO requests an interval timer interrupt (WOVI)
from the CPU when the TCNT overflows. (Initial value)
1 Watchdog timer mode: A reset is issued when the TCNT overflows if the RSTE bit of

RSTCSR is setto 1.*
Note: * For details see section 12.2.3, Reset Control/Status Register (RSTCSR).

WDT1 Mode Select

TCSR1
WT/IT Description
0 Interval timer mode: WDT1 requests an interval timer interrupt (WOVI)
from the CPU when the TCNT overflows. (Initial value)
1 Watchdog timer mode: WDTL1 requests a reset or an NMI interrupt from

the CPU when the TCNT overflows.
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Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts

WDTO TCSR Bit 4—Reserved Bit: A read operation on this bit always causes a 1 to be read out.
Every write operation on this bit is invalidated.

WDT1 TCSR Bit 4—Prescaler Select (PSS)this bit is used to select an input clock source for
the TCNT of WDTL1.

See the descriptions of Clock Select 2 to 0 for details.

WDT1 TCSR
Bit 4
PSS Description
0 The TCNT counts frequency-division clock pulses of the g based
prescaler (PSM). (Initial value)
1 The TCNT counts frequency-division clock pulses of the g SUB* -based prescaler
(PSS).

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are not available in
the HD64F2636F and HD64F2638F, but are available in the HD64F2636UF and
HD64F2638UF (U-mask version).

WDTO TCSR Bit 3—Reserved Bit: A read operation on this bit always causes a 1 to be read out.
Every write operation on this bit is invalidated.

WDT1 TCSR Bit 3—Reset or NMI (RSTNMI): This bit is used to choose between an internal
reset request and an NMI request when the TCNT overflows during the watchdog timer mode.

Bit 3

RST/NMI Description

0 NMI request. (Initial value)
1 Internal reset request.
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Bits 2 to 0: Clock Select 2 to 0 (CKS2 to CKSO0): These hits select one of eight internal clock
sources, obtained by dividing the system clock (@) or subclock* (g SUB), for input to TCNT.

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
U-mask and W-mask versions only.
These functions cannot be used with the other versions, and in them the PSS bit is
reserved. Only 0 should be written to this bit.

WDTO Input Clock Select

Description
Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO  Clock Overflow Period *' (where g = 20 MHz)
0 0 0 @/2*? (initial value) 25.6 ps
1 @/64*2 819.2 us
1 0 @/128** 1.6 ms
1 2/512** 6.6 ms
1 0 0 2/2048*2 26.2 ms
1 8/8192*2 104.9 ms
1 0 2/32768** 419.4 ms
1 2/131072%* 1.68s

Notes: *1 An overflow period is the time interval between the start of counting up from H'00 on the
TCNT and the occurrence of a TCNT overflow.

*2 In subactive and subsleep modes, g operates as gSUB.
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WDT1 Input Clock Select

Description
Bit 4 Bit 2 Bit 1 Bit O Overflow Period *' (where g = 20 MHz)
PSS CKS2 CKS1 CKSO Clock (where g SUB *? = 32.768 kHz)
0 0 0 2/2 (initial value)  25.6 us
1 2/64 819.2 us
1 0 /128 1.6 ms
1 2/512 6.6 ms
0 0 /2048 26.2 ms
1 /8192 104.9 ms
1 0 2/32768 419.4 ms
0 1 1 /131072 1.68s
1 0 0 aSUB/2*? 15.6 ms
1 aSUB/4*? 31.3ms
1 0 @SUB/8*? 62.5ms
1 @SUB/16** 125 ms
0 0 @SUB/32*? 250 ms
1 oSUB/64** 500 ms
1 0 @SUB/128*2 1s
1 2SUB/256** 2s

Notes: *1 An overflow period is the time interval between the start of counting up from H'00 on the
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the U-mask and W-mask versions only.

*2 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in

These functions cannot be used with the other versions.

HITACHI



12.2.3 Reset Control/Status Register (RSTCSR)

Bit : 7 6 5 4 3 2 1 0

\ WOVF \ RSTE \ RSTS \ — \ — \ — \ — \ — \
Initial value : 0 0 0 1 1 1 1 1
RIW . RIW)* RW  RW — — — — —

Note: * Can only be written with O for flag clearing.
RSTCSR is an 8-bit readable/writable* register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal.

RSTCSR is initialized to H'1F by a reset signal fromRIES pin, but not by the WDT internal
reset signal caused by overflows.

Note: * RSTCSR is write-protected by a password to prevent accidental overwriting. For details
see section 12.2.4, Notes on Register Access.

Bit 7—Watchdog Overflow Flag (WOVF): Indicates that TCNT has overflowed (changed from
H'FF to H'00) during watchdog timer operation. This bit is not set in interval timer mode.

Bit 7

WOVF Description

0 [Clearing condition] (Initial value)
Cleared by reading TCSR when WOVF = 1, then writing 0 to WOVF

1 [Setting condition]

Set when TCNT overflows (changed from H'FF to H'00) during watchdog timer
operation

Bit 6—Reset Enable (RSTE):Specifies whether or not a reset signal is generated in the
H8S/2636 if TCNT overflows during watchdog timer operation.

Bit 6

RSTE Description

0 Reset signal is not generated if TCNT overflows* (Initial value)
1 Reset signal is generated if TCNT overflows

Note: * The modules within the chip are not reset, but TCNT and TCSR within the WDT are reset.
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Bit 5—Reset Select (RSTS)Selects the type of internal reset generated if TCNT overflows
during watchdog timer operation.

For details of the types of reset, see section 4, Exception Handling.

Bit 5

RSTS Description

0 Reset (Initial value)
1 Do not set

Bits 4 to 0—ReservedAlways read as 1 and cannot be modified.

12.2.4  Notes on Register Access

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registers in being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

Writing to TCNT and TCSR: These registers must be written to by a word transfer instruction.
They cannot be written to with byte instructions.

Figure 12-2 shows the format of data written to TCNT and TCSR. TCNT and TCSR both have the
same write address. For a write to TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For a write to TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byte to TCNT or TCSR.

TCNT write
15 8 7 0
Address: HFF74 H'SA Write data
TCSR write
15 8 7 0
Address: HFF74 H'AS Write data |

Figure 12-2 Format of Data Written to TCNT and TCSR (WDTO)
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Writing to RSTCSR: RSTCSR must be written to by word transfer instruction to address
H'FF76. It cannot be written to with byte instructions.

Figure 12-3 shows the format of data written to RSTCSR. The method of writing 0 to the WOVF
bit differs from that for writing to the RSTE bit.

To write 0 to the WOVF bit, the write data must have H'A5 in the upper byte and H'00 in the
lower byte. This clears the WOVF bit to 0, but has no effect on the RSTE bit. To write to the
RSTE bit, the upper byte must contain H'5A and the lower byte must contain the write data. Thi
writes the values in bits 6 and 5 of the lower byte into the RSTE bit, but has no effect on the

WOVF bit.

Writing 0 to WOVF bit
15 8 7 0
Address: HFF76 HAS H'00
Writing to RSTE bit
15 8 7 0
Address: H'FF76 | H'5A | Write data

Figure 12-3 Format of Data Written to RSTCSR (WDTO)

Reading TCNT, TCSR, and RSTCSR (WDTO0)These registers are read in the same way as
other registers. The read addresses are H'FF74 for TCSR, H'FF75 for TCNT, and H'FF77 for

RSTCSR.
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12.3  Operation

12.3.1  Watchdog Timer Operation

To use the WDT as a watchdog timer, set thelWBit in TCSR and the TME bit to 1. Software
must prevent TCNT overflows by rewriting the TCNT value (normally by writing H'00) before
overflow occurs. This ensures that TCNT does not overflow while the system is operating
normally. If TCNT overflows without being rewritten because of a system malfunction or other
error, an internal reset is issued, in the case of WDTO, if the RSTE bit in RSTCSR is set to 1.

If a reset caused by a signal input toRS pin occurs at the same time as a reset caused by a
WDT overflow, theRES pin reset has priority and the WOVF bit in RSTCSR is cleared to 0.

In the case of WDT1, the chip is reset, or an NMI interrupt request is generated, for 516 system
clock periods (516@) (515 or 516 clock periods when the clock source is g/SUB* (PSS = 1)). Thi
is illustrated in figure 12-4 (b).

An NMI request from the watchdog timer and an interrupt request from the NMI pin are both
treated as having the same vector. So, avoid handling an NMI request from the watchdog timer
and an interrupt request from the NMI pin at the same time.

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available in tf
U-mask and W-mask versions only. These functions cannot be used with the other

versions.
TCNT value
Overflow
L B e I
H'00 — Time
N N A N
WT/T=1  Write H'00' WOVF=1 | WT/IT=1 Write H'00'
TME=1 to TCNT . TME=1 to TCNT
internal reset is '
generated |
Internal reset signal*
4—»‘
518 states
Legend
WT/IT: Timer mode select bit
TME : Timer enable bit
Note: * The internal reset signal is generated only if the RSTE bit is set to 1.

Figure 12-4 (a) WDTO0 Watchdog Timer Operation
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TCNT value

Overflow
o e A
Ka
e
S
/ '
H'00 ’ ' » Time
N RN
WT/IT=1  Write H'00' WOVF=1* + WT/IT=1 Write H'00'
TME=1 to TCNT . TME=1 to TCNT
internal reset 1
is generated |
Internal 1
reset signal
515/516 states
Legend

WT/IT : Timer mode select bit
TME : Timer enable bit

Note: * The WOVF bit is set to 1 and then cleared to 0 by an internal reset.

Figure 12-4 (b) WDT1 Watchdog Timer Operation
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12.3.2 Interval Timer Operation

To use the WDT as an interval timer, clear the Wit in TCSR to 0 and set the TME bit to 1.
An interval timer interrupt (WOVI) is generated each time TCNT overflows, provided that the
WDT is operating as an interval timer, as shown in figure 12-5. This function can be used to
generate interrupt requests at regular intervals.

TCNT value

A
HEE Overflow Overflow Overflow Overflow

= Time

H'00
i \ ' ' '
WT/IT=0 WOVI WOVI WOVI WOVI
TME=1

Legend
WOVI: Interval timer interrupt request generation

Figure 12-5 Interval Timer Operation

12.3.3 Timing of Setting Overflow Flag (OVF)

The OVF flag is set to 1 if TCNT overflows during interval timer operation. At the same time, an
interval timer interrupt (WOVI) is requested. This timing is shown in figure 12-6.

With WDT1, the OVF bit of the TCSR is set to 1 and a simultaneous NMI interrupt is requested
when the TCNT overflows if the NMI request has been chosen in the watchdog timer mode.
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Figure 12-6 Timing of Setting of OVF

12.3.4  Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

In the WDTO, the WOVF flag is set to 1 if TCNT overflows during watchdog timer operation. If
TCNT overflows while the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated
for the entire chip. Figure 12-7 shows the timing in this case.

Q, Iipfiplnlnlnlninl

TCNT \\ HFF >< H'00 \\

Overflow signal

(internal signal) (

WOVF

NI NN TN
—~ T~

N
N

((
Internal reset |<— ) —
signal ()() 518 states (WDTO0)

515/516 states (WDT1)

Figure 12-7 Timing of Setting of WOVF
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12.4  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flag is set to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine.

If an NMI request has been chosen in the watchdog timer mode, an NMI request is generated
when a TCNT overflow occurs.

12.5 Usage Notes

12.5.1 Contention between Timer Counter (TCNT) Write and Increment

If a timer counter clock pulse is generated during thetdte of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 12-8 shows this operation.

TCNT write cycle

Address ><

TCNT input clock

Internal write signal

TCNT N ><

Counter write data

Figure 12-8 Contention between TCNT Write and Increment
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12.5.2 Changing Value of PSS* and CKS2 to CKS0

If bits PSS and CKS2 to CKSO0 in TCSR are written to while the WDT is operating, errors could
occur in the incrementation. Software must stop the watchdog timer (by clearing the TME bit to |
before changing the value of bits PSS and CKS2 to CKSO0.

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
U-mask and W-mask versions only.
These functions cannot be used with the other versions.

12.5.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, while the WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.

12.5.4 Internal Reset in Watchdog Timer Mode

The chip is not reset internally if TCNT overflows while the RSTE bit is cleared to 0 during
watchdog timer operation, but TCNT and TSCR of the WDT are reset.

12.5.5 OVF Flag Clearing in Interval Timer Mode

If conflict occurs between OVF flag clearing and OVF flag reading in interval timer mode, the
flag may not be cleared by writing 0 to OVF even though the OVF = 1 state has been read. Whe
interval timer interrupts are disabled and the OVF flag is polled, for instance, and there is a
possibility of conflict between OVF flag setting and reading, the OVF = 1 state should be read a
least twice before writing 0 to OVF in order to clear the flag.
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13.1

Section 13 Serial Communication Interface (SCI)

Overview

The chip is equipped with 3 independent serial communication interface (SCI) channels. The SC
can handle both asynchronous and clocked synchronous serial communication. A function is als
provided for serial communication between processors (multiprocessor communication function

1311

Features

SCI features are listed below.

* Choice of asynchronous or clocked synchronous serial communication mode

Asynchronous mode

O

Serial data communication executed using asynchronous system in which synchronizatio
is achieved character by character

Serial data communication can be carried out with standard asynchronous communicatio
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

A multiprocessor communication function is provided that enables serial data
communication with a number of processors

Choice of 12 serial data transfer formats

Data length . 7 or 8 bits

Stop bit length . 1 or 2 bits

Parity . Even, odd, or none

Multiprocessor bit :lor0

Receive error detection : Parity, overrun, and framing errors

Break detection : Break can be detected by reading the RxD pin level directly in

case of a framing error

Clocked Synchronous mode

O

Serial data communication synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function

One serial data transfer format

Data length . 8 bits

Receive error detection : Overrun errors detected
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e Full-duplex communication capability

O The transmitter and receiver are mutually independent, enabling transmission and receptic
to be executed simultaneously

O Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

* Choice of LSB-first or MSB-first transfer

0 Can be selected regardless of the communication mode* (except in the case of
asynchronous mode 7-bit data)

Note: * Descriptions in this section refer to LSB-first transfer.
» On-chip baud rate generator allows any bit rate to be selected

» Choice of serial clock source: internal clock from baud rate generator or external clock from
SCK pin

+ Four interrupt sources

O Four interrupt sources — transmit-data-empty, transmit-end, receive-data-full, and receive
error — that can issue requests independently

O The transmit-data-empty interrupt and receive data full interrupts can activate the data
transfer controller (DTC) to execute data transfer

* Module stop mode can be set

O As the initial setting, SCI operation is halted. Register access is enabled by exiting module
stop mode.
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13.1.2

Block Diagram

Figure 13-1 shows a block diagram of the SCI.

()
Q
<
Module data bus 5 Internal
2 data bus
3
m
ROR | | TDR SCMR | BRR L
1y Uy SSR - o
RDwl| RSR | || TSR SCR Baudrate |=— 0/4
\ SMR generator | g/16
Transmission/
D reception control - 2/64
h Parity generation| 4 { Clock [}
Parity check Ext | clock
xternal cloc
SCK =
t—————» TEI
= TXI
= RXI
Legend > ERI
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
SCMR : Smart card mode register
BRR : Bit rate register
Figure 13-1 Block Diagram of SCI
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13.1.3  Pin Configuration
Table 13-1 shows the serial pins for each SCI channel.

Table 13-1 SCI Pins

Channel  Pin Name Symbol * I/0 Function

0 Serial clock pin 0 SCKO I/O SCIO clock input/output
Receive datapin0  RxDO Input SCIO0 receive data input
Transmit data pin0  TxDO Output  SCIO transmit data output

1 Serial clock pin 1 SCK1 I/O SCI1 clock input/output
Receive datapinl RxD1 Input SCI1 receive data input
Transmitdata pin1 TxD1 Output  SCI1 transmit data output

2 Serial clock pin 2 SCK2 I/O SCI2 clock input/output
Receive datapin2  RxD2 Input SCI2 receive data input
Transmit data pin 2  TxD2 Output  SCI2 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the channel
designation.
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13.1.4 Register Configuration

The SCI has the internal registers shown in table 13-2. These registers are used to specify
asynchronous mode or clocked synchronous mode, the data format , and the bit rate, and to col
transmitter/receiver.

Table 13-2 SCI Registers

Channel Name Abbreviation R/W Initial Value Address  **
0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register 0 BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register O TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)*?* H'84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register O SCMRO R/W H'F2 H'FF7E
1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)** H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86
2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)*? H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'F2 H'FF8E
All Module stop control register B MSTPCRB R/W H'FF H'FDE9

Notes: *1 Lower 16 bits of the address.
*2 Can only be written with O for flag clearing.
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13.2  Register Descriptions

13.2.1 Receive Shift Register (RSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

RSR is a register used to receive serial data.

The SCI sets serial data input from the RxD pin in RSR in the order received, starting with the
LSB (bit 0), and converts it to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

13.2.2 Receive Data Register (RDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W

RDR is a register that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received serial data from RSR
RDR where it is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, enables continuous receive
operations to be performed.

RDR is a read-only register, and cannot be written to by the CPU.

RDR is initialized to H'00 by a reset, in standby mode, watch mode*, subactive mode*, and
subsleep mode* or module stop mode.

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available in tt
U-mask and W-mask versions only. These functions cannot be used with the other
versions.
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13.2.3  Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

TSR is a register used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit data from TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit data is transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is not
performed if the TDRE bit in SSR is set to 1.

TSR cannot be directly read or written to by the CPU.

13.2.4  Transmit Data Register (TDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TDR is an 8-bit register that stores data for serial transmission.

When the SCI detects that TSR is empty, it transfers the transmit data written in TDR to TSR an
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit data to TDR during serial transmission of the data in TSR.

TDR can be read or written to by the CPU at all times.

TDR is initialized to H'FF by a reset, in standby mode, watch mode*, subactive mode*, and
subsleep mode* or module stop mode.

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
U-mask and W-mask versions only.
These functions cannot be used with the other versions.
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13.2.5 Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0
C/A CHR PE O/E STOP MP CKS1 | CKSO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SMR is an 8-bit register used to set the SCI's serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.
SMR is initialized to H'00 by a reset and in hardware standby mode.

Bit 7—Communication Mode (C/A): Selects asynchronous mode or clocked synchronous mode
as the SCI operating mode.

Bit 7

C/IA Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
clocked synchronous mode, a fixed data length of 8 bits is used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not possible
to choose between LSB-first or MSB-first transfer.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit addition is
performed in transmission, and parity bit checking in reception. In clocked synchronous mode
with a multiprocessor format, parity bit addition and checking is not performed, regardless of the
PE bit setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled*

Note:* When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity (even
or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The OE bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. Th& @it setting is invalid in clocked synchronous mode,

when parity addition and checking is disabled in asynchronous mode, and when a multiprocess
format is used.

Bit 4

O/E Description

0 Even parity** (Initial value)
1 Odd parity*?

Notes: *1 When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

*2 When odd parity is set, parity bit addition is performed in transmission so that the total

number of 1 bits in the transmit character plus the parity bit is odd.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.
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Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP bits setting is only valid in asynchronous mode. If clocked synchronous mode is set th
STOP bit setting is invalid since stop bits are not added.

Bit 3
STOP Description
0 1 stop bit: In transmission, a single 1 bit (stop bit) is added to the end
of a transmit character before it is sent. (Initial value)
1 2 stop bits: In transmission, two 1 bits (stop bits) are added to the end of a transmit

character before it is sent.

In reception, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1, it is treated as a stop bit; if it is O, it is treated as the start bit of the next transmit
character.

Bit 2—Multiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit andEit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it is invalid in clocked synchronous mode.

For details of the multiprocessor communication function, see section 13.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected
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Bits 1 and 0—Clock Select 1 and 0 (CKS1, CKSOThese bits select the clock source for the
baud rate generator. The clock source can be selected from g, @/4, /16, and @/64, according tc
setting of bits CKS1 and CKSO.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 13.2.8, Bit Rate Register.

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 g clock (Initial value)
1 @/4 clock

1 0 2/16 clock
1 2/64 clock

1