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Cautions

Keep safety first in your circuit designs!

1

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

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

Notes regarding these materials

1

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

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

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

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

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

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

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

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

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

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

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

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’s sales office before using the product in an application that
demands especially high quality and reliability or whereits failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

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

5. Thisproduct is not designed to be radiation resistant.

6. No oneis 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

The H85/2138 Series and H8S/2134 Series comprise high-performance microcomputers with a
32-bit H8S/2000 CPU core, and a set of on-chip supporting functions required for system
configuration.

The H8S/2000 CPU can execute basic instructions in one state, and is provided with sixteen
internal 16-bit general registers with a 32-hit configuration, and a concise and optimized
instruction set. The CPU can handle a 16-Mbyte linear address space (architecturally 4 Gbytes).
Programs based on the high-level language C can also be run efficiently.

Single-power-supply flash memory (F-ZTAT™*) and mask ROM versions are available,
providing a quick and flexible response to conditions from ramp-up through full-scale volume
production, even for applications with frequently changing specifications.

On-chip peripheral functionsinclude a 16-hit free-running timer (FRT), 8-bit timer (TMR),
watchdog timer (WDT), two PWM timers (PWM and PWMX), a serial communication interface
(SClI, IrDA), host interface (HIF), D/A converter (DAC), A/D converter (ADC), and 1/O ports. An
IC bus interface (11C) can also be incorporated as an option.

An on-chip datatransfer controller (DTC) is aso provided, enabling high-speed data transfer
without CPU intervention.

The H85/2138 Series has al the above on-chip supporting functions, and can also be provided
with an 11C module as an option. The H8S5/2134 Series comprises reduced-function versions, with
fewer TMR channels, and no PWM, HIF, l1IC, or DTC modules.

Use of the H8S/2138 or H8S/2134 Series enables compact, high-performance systems to be
implemented easily. The comprehensive PC-related interface functions and 16 x 8 matrix key-
scan functions are ideal for applications such as notebook PC keyboard control and intelligent
battery and power supply control, while the various timer functions and their interconnectability
(timer connection), plus the interlinked operation of the 1°C businterface and data transfer
controller (DTC), in particular, make these devicesidea for usein PC monitors. In addition, the
combination of F-ZTAT™* and reduced-function versionsisideal for applications such as system
units in which on-chip program memory is essential to meet performance requirements, product
start-up times are short, and program modifications may be necessary after end-product assembly.

This manual describes the hardware of the H8S/2138 Series and H85/2134 Series. Refer to the
H852600 Series and H8S2000 Series Programming Manual for a detailed description of the
instruction set.

Note: * F-ZTAT™ (Flexible-ZTAT) isatrademark of Hitachi, Ltd.
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On-Chip Supporting Modules

Series H8S/2138 Series H8S/2134 Series
Product names H8S/2138, 2137 H8S/2134, 2133, 2132,
2130

Bus controller (BSC) Available (8 bits) Available (8 bits)
Data transfer controller (DTC) Available —

8-bit PWM timer (PWM) x16 —

14-bit PWM timer (PWMX) x2 x2

16-bit free-running timer (FRT) x1 x1

8-bit timer (TMR) x4 x3

Timer connection Available —

Watchdog timer (WDT) x2 x2

Serial communication interface (SCI) x3 x3

I2C bus interface (IIC) x2 (option) —

Host interface (HIF) x2 —

D/A converter x2 x2

A/D converter

x8 (analog input)

x8 (analog input)

x8

(expansion A/D inputs)

x8

(expansion A/D inputs)
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Main Revisions and Additions in this Edition

Main Revisions and Additionsin this Edition

Page Item Revision (See Manual for Details)

All pages of Amendments due to introduction of the A mask versions
this manual (HD64F2138A, HD64F2134A)

5 1.1 Overview Table 1.1 Overview

Product lineup amended

6 1.2 Internal Block Diagram Figure 1.1 Internal Block Diagram of H8S/2138 Series
VCC2 (VCL) pin amended

7 Figure 1.2 Internal Block Diagram of H8S/2134 Series
VCC2 (VCL) pin amended

8 1.3.1 Pin Arrangement Figure 1.3 Pin Arrangement of H8S/2138 Series (FP-80A,

TFP-80C: Top View)
Pin No.8: VCC2 (VCL) pin amended

9 Figure 1.4 Pin Arrangement of H8S/2134 Series (FP-80A,
TFP-80C: Top View)

Pin No. 8: VCC2 (VCL) pin amended

10 1.3.2 Pin Functions in Each Table 1.2 H8S/2138 Series Pin Functions in Each
Operating Mode operating Mode
Pin No. 8: VCC2 (VCL) pin amended
14 Table 1.3 H8S/2134 Series Pin Functions in Each

operating Mode
Pin No. 8: VCC2 (VCL) pin amended

17, 20, 22 1.3.3 Pin Functions Table 1.4 Pin Functions
Power supply: VCL added

Serial communication interface (SCI0, SCI1, SCI2): Serial
clock description amended

I/0 ports: Port 5 and Port 9 description amended
Note amended

All pages of Notes on TAS instruction added
section 2 Notes on STM/LDM instruction added
71,72 3.2.2 System Control Bit 7 description amended

Register (SYSCR) Bit 6 Note added
73 3.2.3 Bus Control Register Bit 1 and Bit 0 Note added

(BCR)
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Page Item Revision (See Manual for Details)
74 3.2.4 Serial Timer Control  Bit 7 and bit 6 description amended
Register (STCR)
77 3.5 Memory Map in Each  Description added
Operating Mode Do not access the reserved area and ...when these
regions are accessed.
79, 80 Figure 3.2 H8S/2138 F-ZTAT A-mask Version Memory
Map in Each Operating Mode added
87 4.1.1 Exception Handling  Table 4.1 Exception Types and Priority
Types and Priority Trace description amended
93 4.3 Interrupts Description amended
Interrupts other than NMI and address break
96 4.6 Notes on Use of the Figure 4.6 Operation when SP Value is Odd amended
Stack
97 5.1.1 Features Priorities settable with ICR description amended
All interrupts except NMI and address break
98 5.1.2 Block Diagram Figure 5.1 Block Diagram of Interrupt Controller
Internal interrupt requests amended
99 5.1.4 Register Table 5.2 Interrupt Controller Registers
Configuration Note 3 amended
101 5.2.2 Interrupt Control Description amended
Registers Ato C (ICRA 0 herrypts other than NMI and address break
ICRC)
104 5.2.5 IRQ status register Note added
105 5.2.6 Keyboard Matrix Description amended
Interrupt Mask Register Bits 7 to O Note amended
(KMIMR)
109 5.3.1 External Interrupts IRQ7 to IRQO Interrupts: description added
When the IRQ6 pin is assigned as the IRQ6 interrupt
input pin, then set the KMIMRS bit to 0.
116 5.5.1 Interrupt Control Description amended
Modes and Interrupt NMI and address break interrupts
Operation
117 Table 5.6 Interrupts Selected in Each Interrupt Control
Mode
Address break interrupts added
121 5.5.3 Interrupt Control Address break Interrupts description added

Mode 1
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Page Item Revision (See Manual for Details)
135 6.2.2 Wait State Control Bit 7 description amended
Register (WSCR)
138 6.3.2 Advanced Mode Description amended due to the addition of the
H8S/2138F-ZTAT A mask version.
139 6.3.4 1/0 Select Signal Table 6.4 10S Signal Output Range
Note added
145 6.4.5 Wait Control Figure 6.7 Example of Wait State Insertion Timing WR
timing amended
233 9.1.4 Register Table 9.2 PWM Timer Module Registers
Configuration Note 2 added
245 10.1.4 Register Table 10.2 Register Configuration
Configuration Note 2 amended
278 11.3.5 Timing of Input Figure 11.11 Setting of Input Capture Flag (ICFA/B/C/D)
Capture Flag (ICF) Setting ICRA/B/C/D timing amended
283 11.6 Usage Note Figure 11.21 Contention between OCRAR/OCRAF Write
and Compare-Match (When Automatic Addition Function
Is Used) added
302 12.2.6. Serial/Timer Control Bit 7 description amended
Register (STCR)
312to 12.3.6 Input Capture Added
313 Operation
335 13.3.1 PWM Decoding Figure 13.2 Timing Chart for PWM Decoding amended
(PDC Signal Generation)
354 14.2.2 Timer Control/Status Bit 7: Note added
Register (TCSR)
364 15.1.1 Features Capability of transmit and receive clock output description
added
438 16.2.1 I’C Bus Data TDRE: 1 description amended
Register (ICDR)
445 16.2.5 I°C Bus Control Bit 7 description amended
Register (ICCR)
449 Bit 1 description amended
455 16.2.6 I°C Bus Status Bit O description amended
Register (ICSR)
461 16.3.1 I°C Bus Data Format Figure 16.4 Formatless added
462 to 464  16.3.2 Master Transmit Completely amended

Operation
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Page Item Revision (See Manual for Details)
464 to 466  16.3.3 Master Receive Completely amended
Operation
475, 476 16.3.10 Sample Flowchart Figure 16.14 Flowchart for Master Transmit Mode
(Example)
Figure 16.15 Flowchart for Master Receive Mode
(Example)
completely amended
478 16.3.11 Initialization of Description amended
Internal State Executed in accordance with the setting of bits CLR3 to
CLRO in the DDCSWR register or clearing ICE bit
484 16.4 Usage Notes * Notes on Start Condition Issuance for Retransmission
« Notes I°C Bus Interface Stop Condition Instruction
Issuance
added
522 19.2.3 A/D Control Register Bits 5 to 0 description amended
(ADCR)
541 20.3.2 Single-Chip Mode  Description amended
(Modes 2 and 3 (EXPE=0)) Undefined values are always read from these bits, and
writing is invalid.
— 21. ROM Description of ROM is added due to the introduction of
the H8S/2138 and H8S/2134 A-mask version
21. ROM (Mask ROM version, H8S/2138F-ZTAT,
H8S/2134F-ZTAT, and H8S/2132F-ZTAT)
22. ROM (H8S/2138F-ZTAT A-mask version and
H8S/2134F-ZTAT A-mask version)
548 21.4.3 Flash Memory Figure 21.3 Flash Memory Mode Transitions
Operating Modes Bit name amended between user mode and user program
mode
557 21.5.4 Serial/Timer Control Bit 7 description amended
Register (STCR)
562 21.6.1 Boot Mode Figure 21.10 RAM Areas in Boot Mode
added
573 21.10.1 Programmer Mode Notes added
Setting
585 21.11 Flash Memory Description amended

Programming and Erasing
Precautions
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Page Item Revision (See Manual for Details)

586 21.12 Note on Switching Added
from F-ZTAT Version to
RAM Version
58710630 22. ROM Added
639 23.9. Clock Selection Added
Circuit
645 24.1.1 Register Table 24.3 Power-Down State Registers
Configuration Note 2 added
654 24.5.1 Module Stop Mode MSTP2 bit: Description amended
Note amended
663to 774  25. Electrical Completely amended
Characteristics
All pages of Notes on TAS instruction added
Appendix A
846, 847 B.2 Register Selection H8S/2134 Series H'FF83 SYSCR2 amended
Conditions H8S/2138 Series and H8S/2134 Series H'FF94, H'FF95
and H'FF98 to H'FF9D amended
— B.3 Functions Registers are amended
860 H'FEEB: ISR
872 H'FF86, H'FF87 : MSTPCRH/L
874 H'FF88, H'FFD8 : ICCR1/0
901 H'FFC4: SYSCR
903 H'FFC6: BCR
9281t0930 C.2 Port 2 Block Diagrams Figure C.2, C.3, C.4 Port 2 Block Diagram amended
931 C.3 Port 3 Block Diagram  Figure C.5 Port 3 Block Diagram amended

932 to 938 C.4 Port 4 Block Diagrams  Figure C.6, C.7, C.8, C.9, C.10, C.11, C.12 Port 4 Block
Diagram amended

939t0 941  C.5 Port 5 Block Diagrams Figure C.13, C.14, C.15 Port 5 Block Diagram amended

948t0 953  C.8 Port 8 Block Diagrams Figure C.23, C.24, C.25, C.26, C.27, C.28 Port 8 Block
Diagram amended

954 to 958 C.9 Port 9 Block Diagrams Figure C.29, C.30, C.31, C.33 Port 9 Block Diagram
amended

962, 963 F. Product Code Lineup Amendments due to introduction of the A-mask versions
(HD64F2138A, HD64F2134A)
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Section1 Overview

1.1 Overview

The H8S/2138 Series and H85/2134 Series comprise microcomputers (MCUSs) built around the
H8S5/2000 CPU, employing Hitachi’s proprietary architecture, and equipped with supporting
modules on-chip.

The H8S/2000 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 H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip supporting modules required for system configuration include a data transfer controller
(DTC) bus master, ROM and RAM memory, al6-bit free-running timer module (FRT), 8-bit timer
module (TMR), watchdog timer module (WDT), two PWM timers (PWM and PWMX), serial
communication interface (SCI), host interface (HIF), D/A converter (DAC), A/D converter
(ADC), and I/O ports. An 1?C bus interface (11C) can also be incorporated as an option.

The on-chip ROM is either flash memory (F-ZTAT™*) or mask ROM, with a capacity of 128, 96,
64, or 32 kbytes. 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.

Three operating modes, modes 1 to 3, are provided, and there is a choice of address space and
single-chip mode or externally expanded modes.

The features of the H8S/2138 Series and H85/2134 Series are shown in Table 1.1.

Note: * F-ZTAT™ isatrademark of Hitachi, Ltd.
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Tablel1.1

Item

Overview

Specifications

CPU

General-register architecture

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

High-speed operation suitable for real-time control
O Maximum operating frequency: 20 MHz/5 V, 10 MHz/3 V
O High-speed arithmetic operations
8/16/32-bit register-register add/subtract: 50 ns (20 MHz operation)
16 x 16-hit register-register multiply: 1000 ns (20 MHz operation)
32 + 16-bit register-register divide: 1000 ns (20 MHz operation)
Instruction set suitable for high-speed operation
O Sixty-five basic instructions
O 8/16/32-bit transfer/arithmetic and logic instructions

O Unsigned/signed multiply and divide instructions
O Powerful bit-manipulation instructions

Two CPU operating modes
O Normal mode: 64-kbyte address space
O Advanced mode: 16-Mbyte address space

Operating modes

Three MCU operating modes

External Data Bus

CPU Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
1 Normal Expanded mode Disabled 8 bits 8 bits
with on-chip ROM
disabled
2 Advanced Expanded mode Enabled 8 bits 8 bits
with on-chip ROM
enabled
Single-chip mode None
3 Normal Expanded mode Enabled 8bits 8 bits
with on-chip ROM
enabled
Single-chip mode None

Bus controller

2-state or 3-state access space can be designated for external

expansion areas

Number of program wait states can be set for external expansion areas
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Iltem

Specifications

Data transfer
controller (DTC)
(H8S/2138 Series)

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 free-running
timer module
(FRT: 1 channel)

One 16-bit free-running counter (also usable for external event
counting)

Two output compare outputs
Four input capture inputs (with buffer operation capability)

8-bit timer module
(2 channels: TMRO,
TMR1)

Each channel has:

One 8-bit up-counter (also usable for external event counting)
Two time constant registers
The two channels can be connected

Timer connection and
8-bit timer (TMR)
module (2 channels:
TMRX, TMRY)

(Timer connection and
TMRX provided in
H8S/2138 Series)

Input/output and FRT, TMR1, TMRX, TMRY can be interconnected

Measurement of input signal or frequency-divided waveform pulse
width and cycle (FRT, TMR1)

Output of waveform obtained by modification of input signal edge (FRT,
TMR1)

Determination of input signal duty cycle (TMRX)

Output of waveform synchronized with input signal (FRT, TMRX,
TMRY)

Automatic generation of cyclical waveform (FRT, TMRY)

Watchdog timer
module
(WDT: 2 channels)

Watchdog timer or interval timer function selectable
Subclock operation capability (channel 1 only)

8-bit PWM timer
(PWM)
(H8S/2138 Series)

Up to 16 outputs

Pulse duty cycle settable from 0 to 100%

Resolution: 1/256

1.25 MHz maximum carrier frequency (20 MHz operation)

14-bit PWM timer
(PWMX)

Up to 2 outputs
Resolution: 1/16384
312.5 kHz maximum carrier frequency (20 MHz operation)

Serial communication
interface

(SCI: 2 channels,
SCI0 and SCI1)

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
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Item

Specifications

SCI with IrDA:
1 channel (SCI2)

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function

Compatible with IrDA specification version 1.0

TxD and RxD encoding/decoding in IrDA format

Host interface (HIF)
(H8S/2138 Series)

8-bit host interface (ISA) port
Three host interrupt requests (HIRQ11, HIRQ1, HIRQ12)
Normal and fast A20 gate output

Two register sets (each comprising two data registers and two status
registers)

Keyboard controller

Matrix keyboard control using keyboard scan with wakeup interrupt and
sense port configuration

A/D converter

Resolution: 10 bits
Input:
O 8 channels (dedicated analog pins)

O 8 channels (same pins as keyboard sense port)

High-speed conversion: 6.7 ps minimum conversion time (20 MHz
operation)

Single or scan mode selectable

Sample-and-hold function

A/D conversion can be activated by external trigger or timer trigger

D/A converter

Resolution: 8 bits
Output: 2 channels

I/O ports e 58 input/output pins (including 24 with LED drive capability)
e 8input-only pins
Memory » Flash memory or mask ROM
* High-speed static RAM
Product Name ROM RAM
H8S/2134, 128 kbytes 4 kbytes
H8S/2138
H8S/2133 96 kbytes 4 kbytes
H8S/2132, 64 kbytes 2 kbytes
H8S/2137
H8S/2130 32 kbytes 2 kbytes
4
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Iltem

Specifications

Interrupt controller

* Nine external interrupt pins (NMI, IRQO to IRQ7)
e 39 internal interrupt sources
« Three priority levels settable

Power-down state

¢ Medium-speed mode

e Sleep mode

e Module stop mode

« Software standby mode
e Hardware standby mode
e Subclock operation

Clock pulse generator

e Built-in duty correction circuit

Packages

e 80-pin plastic QFP (FP-80A)
e 80-pin plastic TQFP (TFP-80C)

I°C bus interface
(IIC: 2 channels)
(option in H8S/2138
Series)

« Conforms to Philips I°C bus interface standard
* Single master mode/slave mode
* Arbitration lost condition can be identified

e Supports two slave addresses

Product lineup
(preliminary)

*3

Product Code

Mask ROM F-ZTAT™ ROM/RAM
Series Versions Versions (Bytes) Packages
H8S/2138 HD6432138S HD64F2138%2 128 k/4 k FP-80A,
HD6432138SW*! HD64F2138A TFP-80C
HD6432137S — 64 k/2 k
HD6432137SW**
H8S/2134 HD6432134S HD64F2134 128 k/4 k
HD64F2134A
HD6432133S — 96 k/4 k
HD6432132 HD64F2132R 64 k/2 k
HD6432130 — 32 k/i2 k
Notes: *! “W” indicates the I>C bus option.
*2 FP-80A only

For the 3-V version, "V" is added to the product code. See
Appendix F, Product Code Lineup.
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12 Internal Block Diagram

Aninternal block diagram of the H8S/2138 Seriesis shown in figure 1.1, and an internal block
diagram of the H8S5/2134 Seriesin figure 1.2.
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Figurel.1 Internal Block Diagram of H8S/2138 Series
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Figurel1.2 Internal Block Diagram of H8S5/2134 Series
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1.3 Pin Arrangement and Functions

131 Pin Arrangement

The pin arrangement of the H8S/2138 Seriesis shown in figure 1.3, and the pin arrangement of the
H8S/2134 Seriesin figure 1.4.
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Figure1.3 Pin Arrangement of H85/2138 Series (FP-80A, TFP-80C: Top View)
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Figure 1.4 Pin Arrangement of H8S2134 Series (FP-80A, TFP-80C: Top View)
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132

Pin Functionsin Each Operating M ode

Tables 1.2 and 1.3 show the pin functions of the H85/2138 Series and H85/2134 Seriesin each of
the operating modes.

Table1.2 H8S/2138 Series Pin Functionsin Each Operating M ode
Pin Name
Pin No. Expanded Modes Single-Chip Modes  Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE = 0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE =0) Mode
1 RES RES RES RES
2 XTAL XTAL XTAL XTAL
3 EXTAL EXTAL EXTAL EXTAL
4 MD1 MD1 MD1 VSS
5 MDO MDO MDO VSS
6 NMI NMI NMI FA9
7 STBY STBY STBY \Y/ele;
8 VCC2 (VCL) VCC2 (VCL) VCC2 (VCL) vCC
9 P52/SCKO/SCLO P52/SCKO0/SCLO P52/SCKO0/SCLO NC
10 P51/RxD0 P51/RxDO0 P51/RxD0 FA17
11 P50/TxDO0 P50/TxDO P50/TxDO NC
12 VSS VSS VSS VSS
13 P97/WAIT/SDAO  P97/WAIT/SDAO P97/SDAO \Y/ele
14 2/P9B/EXCL o/P9B/EXCL P96/a/EXCL NC
15 AS/I0S AS/I0S P95/CS1 FA16
16 WR WR P94/IOW FA15
17 RD RD P93/IOR WE
18 P92/IRQ0 P92/IRQO P92/IRQ0 VSS
19 P91/IRQT P91/IRQT P91/IRQT \Y/ele;
20 P90/IRQ2/ P90/IRQ2/ADTRG ~ P90/IRQ2/ADTRG/  VCC
ADTRG ECS2
21 P60/FTCI/CINO/  P60/FTCI/CINO/ P60/FTCI/CINO/ NC
KINO/TMIX/ KINO/TMIX/ KINO/TMIX/
HFBACKI HFBACKI HFBACKI
22 P61/FTOAICIN1/ P61/FTOA/CIN1/ P61/FTOA/CIN1/ NC
KINT/VSYNCO  KINT/VSYNCO KIN1/VSYNCO
23 P62/FTIAICIN2/  P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
KIN2/TMIY/ KIN2/TMIY/ KIN2/TMIY/
VSYNCI VSYNCI VSYNCI
10
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Pin Name

Pin No. Expanded Modes Single-Chip Modes  Flash Memory

FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE = 0) Programmer

TFP-80C Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE =0) Mode

24 P63/FTIB/CIN3/ P63/FTIB/CIN3/ P63/FTIB/CIN3/ NC
KIN3/VFBACKI  KIN3/VFBACKI KIN3/VFBACKI

25 P64/FTIC/CIN4/  P64/FTIC/CIN4/ P64/FTIC/CIN4/ NC
KIN4/CLAMPO  KIN4/CLAMPO KIN4/CLAMPO

26 P65/FTID/CIN5/  P65/FTID/CINS/ P65/FTID/CINS/ NC
KIN5 KIN5 KIN5

27 P66/FTOB/CING6/ P66/FTOB/CING/ P66/FTOB/CING/ NC
KIN6/IRQ6 KIN6/IRQ6 KIN6/IRQ6

28 P67/TMOX/CIN/  P67/TMOX/CIN7/ P67/TMOX/CIN7/ VSS
KIN7/IRQ7 KIN7/IRQ7 KIN7/IRQ7

29 AVCC AVCC AvVCC VCC

30 P70/ANO P70/ANO P70/ANO NC

31 P71/AN1 P71/AN1 P71/AN1 NC

32 P72/AN2 P72/AN2 P72/AN2 NC

33 P73/AN3 P73/AN3 P73/AN3 NC

34 P74/AN4 P74/AN4 P74/AN4 NC

35 P75/AN5 P75/AN5 P75/AN5 NC

36 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAO NC

37 P77/AN7/DAL P77/AN7/DA1 P77/AN7/DA1 NC

38 AVSS AVSS AVSS VSS

39 P40/TMCI0/ P40/TMCIO/ P40/TMCI0/ NC
TxD2/IrTxD TxD2/IrTxD TxD2/IrTxD

40 P41/TMOO0/ P41/TMQOO0/ P41/TMOO0/ NC
RxD2/IrRxD RxD2/IrRxD RxD2/IrRxD

41 P42/TMRIO/ P42/TMRIO/ P42/TMRI0/ NC
SCK2/SDAl SCK2/SDA1 SCK2/SDAl

42 P43/TMCI1/ P43/TMCI1/ P43/TMCI1/HIRQ11l/ NC
HSYNCI HSYNCI HSYNCI

43 P44/TMO1/ P44/TMO1/ P44/TMO1/HIRQ1/ NC
HSYNCO HSYNCO HSYNCO

44 P45/TMRI1/ P45/TMRIL/ P45/TMRI1/HIRQ12/ NC
CSYNCI CSYNCI CSYNCI

45 P46/PWXO0 P46/PWXO0 P46/PWXO0 NC

46 P47/PWX1 P47/PWX1 P47/PWX1 NC

47 VCC1 VCC1 VCC1 VCC

11
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Pin Name

Pin No. Expanded Modes Single-Chip Modes  Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE = 0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE =0) Mode
48 Al15 A15/P27/PW15/ P27/PW15/CBLANK  CE
CBLANK
49 Al4 Al14/P26/PW14 P26/PW14 FAl4
50 A13 A13/P25/PW13 P25/PW13 FA13
51 Al12 A12/P24/PW12 P24/PW12 FA12
52 A1l A11/P23/PW11 P23/PW11 FAll
53 A10 A10/P22/PW10 P22/PW10 FA10
54 A9 A9/P21/PW9 P21/PW9 OE
55 A8 A8/P20/PW8 P20/PW8 FA8
56 VSS VSS VSS VSS
57 A7 A7/P17/PW7 P17/PW7 FA7
58 A6 A6/P16/PW6 P16/PW6 FAB
59 A5 A5/P15/PW5 P15/PW5 FA5
60 Ad A4/P14/PWA4 P14/PW4 FA4
61 A3 A3/P13/PW3 P13/PW3 FA3
62 A2 A2/P12/PW2 P12/PW2 FA2
63 Al A1/P11/PW1 P11/PW1 FAl
64 A0 AO0/P10/PWO P10/PWO FAOQ
65 DO DO P30/HDBO FOO
66 D1 D1 P31/HDB1 FO1
67 D2 D2 P32/HDB2 FO2
68 D3 D3 P33/HDB3 FO3
69 D4 D4 P34/HDB4 FO4
70 D5 D5 P35/HDB5 FO5
71 D6 D6 P36/HDB6 FO6
72 D7 D7 P37/HDB7 FO7
73 VSS VSS VSS VSS
74 P80 P80 P80/HAO NC
75 P81 P81 P81/CS2/GA20 NC
76 P82 P82 P82/HIFSD NC
77 P83 P83 P83 NC
12
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Pin No.

Pin Name

Expanded Modes

Single-Chip Modes

FP-80A
TFP-80C

Mode 1

Mode 2 (EXPE = 1)
Mode 3 (EXPE = 1)

Mode 2 (EXPE = 0)
Mode 3 (EXPE = 0)

Flash Memory

Programmer
Mode

78

P84/IRQ3/TxD1

P84/IRQ3/TxD1

P84/IRQ3/TxD1

NC

79

P85/IRQ4/RxD1

P85/IRQ4/RxD1

P85/IRQ4/RxD1

NC

80

P86/IRQ5/SCK1/
SCL1

P86/IRQ5/SCK1/
SCL1

P86/IRQ5/SCK1/
SCL1

NC

RENESAS
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Table1.3

H8S/2134 Series Pin Functionsin Each Operating M ode

Pin Name
Pin No. Expanded Modes Single-Chip Modes  Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE =0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE = 0) Mode
1 RES RES RES RES
2 XTAL XTAL XTAL XTAL
3 EXTAL EXTAL EXTAL EXTAL
4 MD1 MD1 MD1 VSS
5 MDO MDO MDO VSS
6 NMI NMI NMI FA9
7 STBY STBY STBY \Y/ele
8 VCC2 (VCL) VCC2 (VCL) VCC2 (VCL) VCC
9 P52/SCKO P52/SCKO P52/SCKO NC
10 P51/RxD0 P51/RxDO0 P51/RxD0 FA17
11 P50/TxDO P50/TxDO P50/TxD0 NC
12 VSS VSS VSS VSS
13 P97/WAIT P97/WAIT P97 vCC
14 @/P96/EXCL @/P96/EXCL 8/P96/EXCL NC
15 AS/IOS AS/I0S P95 FA16
16 WR WR P94 FA15
17 RD RD P93 WE
18 P92/IRQO P92/IRQO P92/IRQ0 VSS
19 P91/IRQT P91/IRQT P91/IRQT vce
20 P90/IRQ2/ P90/IRQ2/ADTRG  P90/IRQ2/ADTRG vcc
ADTRG
21 P60/FTCI/CINO/  P60/FTCI/CINO/ P60/FTCI/CINO/ NC
KINO KINO KINO
22 P61/FTOA/ P61/FTOA/CIN1/ P61/FTOAICIN/ NC
CIN1/KINT KIN1 KIN1
23 P62/FTIA/CIN2/  P62/FTIAICIN2/ P62/FTIA/CIN2/ NC
KIN2/TMIY KIN2/TMIY KIN2/TMIY
24 P63/FTIB/CIN3/  P63/FTIB/CIN3/ P63/FTIB/CIN3/ NC
KIN3 KIN3 KIN3
25 P64/FTICICIN4/  P64/FTIC/ICIN4/ P64/FTIC/ICIN4/ NC
KIN4 KIN4 KIN4
26 P65/FTIDICINS/  P65/FTID/CIN5/ P65/FTID/CINS/ NC
KIN5 KIN5 KIN5
14
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Pin Name

Pin No. Expanded Modes Single-Chip Modes  Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE =0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE =0) Mode
27 P66/FTOB/CIN6/ P66/FTOB/CING/ P66/FTOB/CING/ NC
KIN6/IRQ6 KIN6/IRQ6 KIN6/IRQ6
28 P67/CIN7/KIN7/  P67/CIN7/KIN7/ P67/CIN7/KIN7/ VSS
IRQ7 IRQ7 IRQ7
29 AVCC AVCC AVCC VCC
30 P70/ANO P70/ANO P70/ANO NC
31 P71/AN1 P71/AN1 P71/AN1 NC
32 P72/AN2 P72/AN2 P72/AN2 NC
33 P73/AN3 P73/AN3 P73/AN3 NC
34 P74/AN4 P74/AN4 P74/AN4 NC
35 P75/AN5 P75/AN5 P75/AN5 NC
36 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAO NC
37 P77/AN7/DA1 P77/AN7/DA1 P77/AN7/DA1 NC
38 AVSS AVSS AVSS VSS
39 P40/TMCIO/ P40/TMCIO/ P40/TMCIO/ NC
TxD2/IrTxD TxD2/IrTxD TxD2/IrTxD
40 P41/TMOO0/ P41/TMOO0/ P41/TMOO0/ NC
RxD2/IrRxD RxD2/IrRxD RxD2/IrRxD
41 P42/TMRIO/ P42/TMRIO/ P42/TMRIO/ NC
SCK2 SCK2 SCK2
42 P43/TMCI1 P43/TMCI1 P43/TMCI1 NC
43 P44/TMO1 P44/TMO1 P44/TMO1 NC
44 P45/TMRI1 P45/TMRI1 P45/TMRI1 NC
45 P46/PWX0 P46/PWX0 P46/PWX0 NC
46 P47/PWX1 P47/PWX1 P47/PWX1 NC
47 VCC1 VCC1 VCC1 VCC
48 Al5 A15/P27 P27 CE
49 Al4 Al14/P26 P26 FA14
50 Al13 A13/P25 P25 FA13
51 Al2 Al12/P24 P24 FA12
52 All Al11/P23 P23 FA1l
53 Al10 A10/P22 P22 FA10
15
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Pin Name

Pin No. Expanded Modes Single-Chip Modes  Flash Memory
FP-80A Mode 2 (EXPE=1) Mode 2 (EXPE =0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE = 0) Mode
54 A9 A9/P21 P21 OE
55 A8 A8/P20 P20 FAS
56 VSS VSS VSS VSS
57 A7 A7/IP17 P17 FA7
58 A6 A6/P16 P16 FAB
59 A5 A5/P15 P15 FA5
60 A4 A4/P14 P14 FA4
61 A3 A3/P13 P13 FA3
62 A2 A2/P12 P12 FA2
63 Al A1/P11 P11 FAL
64 A0 A0/P10 P10 FAO
65 DO DO P30 FOO
66 D1 D1 P31 FO1
67 D2 D2 P32 FO2
68 D3 D3 P33 FO3
69 D4 D4 P34 FO4
70 D5 D5 P35 FO5
71 D6 D6 P36 FO6
72 D7 D7 P37 FO7
73 VSS VSS VSS VSS
74 P80 P80 P80 NC
75 P81 P81 P81 NC
76 P82 P82 P82 NC
77 P83 P83 P83 NC
78 P84/IRQ3/TxD1  P84/IRQ3/TxD1 P84/IRQ3/TxD1 NC
79 P85/IRQ4/RxD1  P85/IRQ4/RxD1 P85/IRQ4/RxD1 NC
80 P86/IRQ5/SCK1  P86/IRQ5/SCK1 P86/IRQ5/SCK1 NC
16
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1.33 Pin Functions

Table 1.4 summarizes the functions of the H85/2138 Series and H8S5/2134 Series pins.

Table1l.4 Pin Functions

Type Symbol

Pin No.

FP-80A

TFP-80C

I/0

Name and Function

Power VCC1,
supply VCC2

8*, 47

Input

Power supply: For connection to the power supply.
All VCC1 and VCC2* pins should be connected to
the system power supply.

VCL

8*

Input

Internal step-down voltage pin: A power supply
pin for the product, applicable to product lines that
have an internal step-down voltage. In the 5-V and
4-V versions, connect external capacitors to
stabilize the internal step-down voltage between
this pin and the VSS pin. Do not connect it to Vcc.
In the 3-V version, connect this pin and the VCC1
pin to the power supply for the system. For details,
See Section 25, Electrical Characteristics.

VSS

12, 56, 73

Input

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

Clock XTAL

Input

Connected to a crystal oscillator. See section 23,
Clock Pulse Generator, for typical connection
diagrams for a crystal oscillator and external clock
input.

EXTAL

Input

Connected to a crystal oscillator. The EXTAL pin
can also input an external clock. See section 23,
Clock Pulse Generator, for typical connection
diagrams for a crystal oscillator and external clock
input.

14

Output

System clock: Supplies the system clock to
external devices.

EXCL

14

Input

External subclock input: Input a 32.768 kHz
external subclock.

17
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Pin No.

FP-80A

Type Symbol TFP-80C 1/0 Name and Function

Operating MD1 4 Input  Mode pins: These pins set the operating mode.

mode MDO 5 The relation between the settings of pins MD1 and

control MDO and the operating mode is shown below.
These pins should not be changed while the MCU is
operating.
Operating
MD1 MDO Mode Description
0 1 Mode 1 Normal
Expanded mode with
on-chip ROM disabled
1 0 Mode 2 Advanced
Expanded mode with
on-chip ROM enabled
or single-chip mode
1 1 Mode 3 Normal
Expanded mode with
on-chip ROM enabled
or single-chip mode

System RE 1 Input  Reset input: When this pin is driven low, the chip is

control reset.

STBY 7 Input  Standby: When this pin is driven low, a transition is
made to hardware standby mode.

Address Al5 to 48 to 55, Output Address bus: These pins output an address.

bus A0 57to 64

Data bus D7 to 72 t0 65 Input/  Data bus (upper): Bidirectional data bus.

DO output Used for 8-bit data.

Bus control  WAIT 13 Input  Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address
space.

RD 17 Output Read: When this pin is low, it indicates that the
external address space is being read.

WR 16 Output Write: When this pin is low, it indicates that the
external address space is being written to.

AS/IOS 15 Output Address strobe: When this pin is low, it indicates
that address output on the address bus is valid.

18
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Pin No.

FP-80A

Type Symbol  TFP-80C I/O Name and Function
Interrupt NMI 6 Input  Nonmaskable interrupt: Requests a nonmaskable
signals interrupt.
IRQOto  18to 20, Input  Interrupt request 0 to 7: These pins request a
IRQ7 78 to 80, maskable interrupt.
27,28
16-bit free- FTCI 21 Input  FRT counter clock input: Input pin for an external
running timer clock signal for the free-running counter (FRC).
(FRT) FTOA 22 Output FRT output compare A output: The output
compare A output pin.
FTOB 27 Output FRT output compare B output: The output
compare B output pin.
FTIA 23 Input  FRT input capture A input: The input capture A
input pin.
FTIB 24 Input  FRT input capture B input: The input capture B
input pin.
FTIC 25 Input  FRT input capture C input: The input capture C
input pin.
FTID 26 Input  FRT input capture D input: The input capture D
input pin.
8-bittimer  TMOO 40 Output Compare-match output: TMRO, TMR1, and TMRX
(TMRO, TMO1 43 compare-match output pins.
TMR1, TMOX 28
TMRX, TMCIO 39 Input  Counter external clock input: Input pins for the
TMRY) TMCI1 42 external clock input to the TMRO and TMR1
counters.
TMRIO 41 Input  Counter external reset input: TMRO and TMR1
TMRI1 44 counter reset input pins.
TMIX 21 Input  Counter external clock input and reset input:
T™MIY 23 Dual function as TMRX and TMRY counter clock

input pin and reset input pin.

PWM timer PW15 to

48 to 55, Output

PWM timer output: PWM timer pulse output pins.

(PWM) PWO 57 to 64

14-bit PWM  PWXO0 45 Output PWMX timer output: PWM D/A pulse output pins.
timer PWX1 46

(PWMX)

19
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Pin No.

FP-80A

Type Symbol TFP-80C 1/0 Name and Function
Serial com- TxDO 11 Output Transmit data: Data output pins.
munication TxD1 78
interface TxD2 39
(SClo, scit, RxDO 10 Input  Receive data: Data input pins.
SCI2) RxD1 79
RxD2 40
SCKO 9 Input/  Serial clock: Clock input/output pins.
SCK1 80 output  The sCKO output type is NMOS push-pull in the
SCK2 41 H8S/2138 series and CMOS output in the
H8S/2134 series.
SCI with IrTXD 39 Output IrDA transmit data/receive data: Input and output
IrDA (SCI2) IrRxD 40 Input  pins for data encoded for IrDA use.
Host HDB7to 72to 65 Input/ Host interface data bus: Bidirectional 8-bit bus for
interface HDBO output accessing the host interface.
(HIF) CSt, 15,75,20 Input  Chip select 1 and 2: Input pins for selecting host
Cs2, interface channel 1 or 2.
ECS2
IOR 17 Input /O read: Input pin that enables reading from the
host interface.
[ 16 Input  1/O write: Input pin that enables writing to the host
interface.
HAO 74 Input  Command/data: Input pin that indicates whether an
access is a data access or command access.
GA20 75 Output GATE A20: A20 gate control signal output pin.
HIRQ11 42 Output Host interrupt 11, 1, and 12: Output pins for
HIRQ1 43 interrupt requests to the host.
HIRQ12 44
HIFSD 76 Input  Host interface shutdown: Control input pin used
to place host interface input/output pins in the high-
impedance/cutoff state.
Keyboard KINOto 21 to 24, Input  Keyboard input: Matrix keyboard input pins.
control KIN7 2510 28 Normally, P10 to P17 and P20 to P27 are used as
key-scan outputs. This enables a maximum 16-
output x 16-input, 256-key matrix to be configured.
20
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Pin No.

FP-80A

Type Symbol  TFP-80C I/O Name and Function
A/D AN7 to 371030 Input  Analog input: A/D converter analog input pins.
converter ANO
(ADC)
CNOto 21to 24, Input  Expansion A/D inputs: Expansion A/D input pins
CN7 25to 28 can be connected to the A/D converter, but since
they are also used as digital input/output pins,
precision will fall.
ADTRG 20 Input  A/D conversion external trigger input: Pin for
input of an external trigger to start A/D conversion.
D/A DAO 36 Output Analog output: D/A converter analog output pins.
converter DAl 37
(DAC)
A/ID AVCC 29 Input  Analog reference voltage: The analog power
converter supply pin for the A/D converter and D/A converter.
DIA When the A/D and D/A converters are not used, this
converter pin should be connected to the system power
supply (+5 V or +3 V).
AVSS 38 Input  Analog ground: The ground pin for the A/D
converter and D/A converter. This pin should be
connected to the system power supply (0 V).
Timer VSYNCI, 23 Input  Timer connection input: Timer connection
connection HSYNCI, 42 synchronous signal input pins.
CSYNCI, 44
VFBACKI, 24
HFBACKI 21
VSYNCO, 22 Output Timer connection output: Timer connection
HSYNCO, 43 synchronous signal output pins.
CLAMPO, 25
CBLANK 48
I°C bus SCLO 9 Input/  1°C clock input/output (channels 0 and 1): I°C
interface SCL1 80 output clock I/O pins. These pins have a bus drive
(lc) function.
(option) The SCLO output form is NMOS open-drain
SDAO 13 Input/  1°C data input/output (channels 0 and 1): I°C data
SDAl 41 output /O pins. These pins have a bus drive function.

The SDAO output form is NMOS open-drain.

21
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Pin No.

FP-80A

Type Symbol TFP-80C 1/0 Name and Function
1/0O ports P17 to 57 to 64 Input/  Port 1: Eight input/output pins. The data direction of

P10 output each pin can be selected in the port 1 data direction
register (P1DDR). These pins have built-in MOS
input pull-ups, and also have LED drive capability.

P27 to 48 to 55 Input/  Port 2: Eight input/output pins. The data direction of

P20 output each pin can be selected in the port 2 data direction
register (P2DDR). These pins have built-in MOS
input pull-ups, and also have LED drive capability.

P37 to 7210 65 Input/  Port 3: Eight input/output pins. The data direction of

P30 output each pin can be selected in the port 3 data direction
register (P3DDR). These pins have built-in MOS
input pull-ups, and also have LED drive capability.

P47 to 46 to 39 Input/  Port 4: Eight input/output pins. The data direction of

P40 output each pin can be selected in the port 4 data direction
register (P4DDR).

P52 to 9to 11 Input/  Port 5: Three input/output pins. The data direction

P50 output of each pin can be selected in the port 5 data
direction register (P5DDR). P52 is an NMOS push-
pull output in the H8S/2138 series and is a CMOS
output in the H8S/2134 series.

P67 to 281021 Input/  Port 6: Eight input/output pins. The data direction of

P60 output each pin can be selected in the port 6 data direction
register (P6DDR). These pins have built-in MOS
input pull-ups.

P77 to 3710 30 Input  Port 7: Eight input pins.

P70

P86 to 80to 74 Input/  Port 8: Seven input/output pins. The data direction

P80 output of each pin can be selected in the port 8 data
direction register (P8DDR).

P97 to 13t0 20 Input/  Port 9: Eight input/output pins. The data direction of

P90 output each pin (except P96) can be selected in the port 9

data direction register (P9DDR). P97 is an NMOS
push-pull output in the H8S/2138 series and is a
CMOS output in the H8S/2134 series.

Note: * In F-ZTAT and mask ROM versions of HD64F2138A, HD64F2134A, HD6432138S,
HD6432138SW HD6432137S, HD6432137SW, HD6432134S, and HD6432133S, VCC2 pin
(8 pin) is the VCL pin.

22
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Section2 CPU

21 Overview

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-hit

general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is

ideal for realtime control.

211 Features

The H8S/2000 CPU has the following features.

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-five basic instructions

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

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [@ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:32,ERN)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, @aa: 24, or @aa:32]

Immediate [#xx:8, #xx:16, or #xx:32]

Program-counter relative [ @(d:8,PC) or @(d:16,PC)]

Memory indirect [ @@aa:8]

Oooo0oogoooaog

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

RENESAS
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High-speed operation

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

0 8/16/32-hit register-register add/subtract: 50 ns

O 8 x 8-hit register-register multiply: 600 ns

O 16 + 8-hit register-register divide: 600 ns

0 16 x 16-bit register-register multiply: 1000 ns

0 32+ 16-hit register-register divide: 1000 ns

Two CPU operating modes
O Norma mode
0 Advanced mode

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

212 Differ ences between H85/2600 CPU and H85/2000 CPU

The differences between the H8S/2600 CPU and the H8S/2000 CPU are shown bel ow.

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 MUL XU and MULXS instructions differ as follows.

Number of 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

There are also differences in the address space, EXR register functions, power-down state, etc.,
depending on the product.

24
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213 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

¢ More general registers and control registers
0 Eight 16-bit extended registers, and one 8-bit control register, have been added.

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

« Enhanced addressing

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

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

* Higher speed
0 Basic instructions execute twice as fast.

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

e Additional control register
0 One 8-hit control register has been added.

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

* Higher speed
O Basicinstructions execute twice as fast.

25
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2.2 CPU Operating Modes

The H85/2000 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 address
space (architecturally the maximum total address space is 4 Gbytes, with a maximum of 16
Mbytes for the program area and a maximum of 4 Gbytes for the data area). The mode is selected
by the mode pins of the microcontroller.

Maximum 64 kbytes for program
—{ Normal mode .
and data areas combined

CPU operating modes li

Maximum 16 Mbytes for

—' Advanced mode | program and data areas
combined

Figure2.1 CPU Operating Modes
(1) Normal Mode
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-hit registers, or as
the upper 16-bit segments of 32-hit 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 the
general register isreferenced in the register indirect addressing mode with pre-decrement (@-Rn)
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.

26
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Exception Vector Tableand Memory Indirect Branch Addresses: In normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits. The configuration of the exception vector table in normal mode is shown in figure 2.2. For
details of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001

H'0002 |

H'0003

H'0004 |

H'0005

H'0006 |

H'0007
H'0008
H'0009
H'000A
H'000B

Reset exception vector

t--  (Reserved for system use)  --- )
BN IRS Exception

vector table

Exception vector 1

Exception vector 2

O

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-hit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'0OOFF. Note
that this areais also used for the exception vector table.

27
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC and condition-code register (CCR) are pushed onto the stack in exception handling,
they are stored as shown in figure 2.3. The extended control register (EXR) is not pushed onto the
stack. For details, see section 4, Exception Handling.

\/\ \/\

SP—~ | PC SP—~ CCR
(16 bits) CCR*
PC

\/\ (16 bits)

(a) Subroutine Branch (b) Exception Handling

Note: * Ignored when returning.

Figure2.3 Stack Structurein Normal Mode
(2) Advanced Mode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally
amaximum 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 Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch addressis stored in the lower 24 bits (figure 2.4).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved )
Reset exception vector
H'00000003
H00000004 | Reserved |
H'00000007 | |
H'00000008
"1 > Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | o
HO0OOOOI0 | Reserved |
o Exception vector 1 o

Figure2.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
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, providing
a 32-hit branch address. The upper 8 hits of these 32 hits are areserved areathat is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
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 a

subroutine call, and the PC and condition-code register (CCR) are pushed onto the stack in

exception handling, they are stored as shown in figure 2.5. The extended control register (EXR) is

not pushed onto the stack. For details, see section 4, Exception Handling.

SP—

\/\

Reserved

I PC R
(24 bits)

\/\

(a) Subroutine Branch

\/\

S

CCR

S PC I
(24 bits)

\/\

(b) Exception Handling
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Figure2.5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.6 shows a memory map of the H8S/2000 CPU. The H8S2000 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

H'FFFF

H'00FFFFFF

Cannot be
used by the
H8S/2138
Series or
H8S/2134
Series

H'FFFFFFFF

(@) Normal Mode (b) Advanced Mode

Program area

Data area

Figure2.6 Memory Map
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24 Register Configuration

24.1 Overview

The CPU hasthe 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 RIL
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|uN|zZ]V[c]|

Legend:

SP: Stack pointer H: Half-carry flag
PC: Program counter u: User bit

EXR: Extended control register N: Negative flag
T: Trace bit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

I: Interrupt mask bit
ul: User bit or interrupt mask bit

Note: * Does not affect operation in the H8S/2138 Series and H8S/2134 Series.

32

Figure2.7 CPU Registers

RENESAS




24.2 General Registers

The CPU has eight 32-bit general registers. These general registers are al functionally alike and
can be used as both address registers and data registers. When a general register is used as adata
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-hit 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 R
(RO to R7). Theseregisters are functionally equivalent, providing a maximum of 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) and
RL (ROL to R7L). Theseregisters are functionally equivalent, providing a maximum of sixteen 8-
bit registers.

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be selected
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)

Figure2.8 Usage of General Registers

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.
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.9 Stack

24.3 Control Registers

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

(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 significant
PC bit isignored. (When an instruction is fetched, the least significant PC bit isregarded as 0.)

(2) Extended Control Register (EXR): An 8-hit register. In the H8S/2138 Series and H8S5/2134
Series, this register does not affect operation.

Bit 7—TraceBit (T): Thisbit isreserved. In the H8S/2138 Series and H8S/2134 Series, this hit
does not affect operation.

Bits 6 to 3—Reserved: These bits are reserved. They are always read as 1.

Bits 2 to O—Interrupt Mask Bits (12 to10): These bits are reserved. In the H8S/2138 Series and
H8S/2134 Series, these bits do not affect operation.

() Condition-Code Register (CCR): This 8-bit register contains internal CPU status
information, including an interrupt mask bit (1) 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.
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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, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry 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, and
XORC instructions.

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Setto 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 O
otherwise.

Bit 0—Carry Flag (C): Set to 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 carry

The carry flag is also used as a bit accumulator by bit-manipul ation instructions.

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 hits 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.

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 bitsin 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 beinitialized by an MOV .L instruction executed immediately
after areset.
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25 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 accessingbitn(n=0, 1, 2, ..., 7) of byte

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

251 General Register Data Formats

Figure 2.10 shows the data formats in general registers.

Data Type General Register Data Format
1-bit data RnH 7 0
716]5|4]3[2]1[o]  Dontcare |
1-bit data RoL
| Dontcare |7]6[5]4]3]2[1]0]
4-bit BCD data RnH 7 43 0
|Upper digit | Lower digit| ______ D g_n_’E _c_aEr_e______;
4-bit BCD data R 7 43 0
______ D E)_n_’g care |Upper digit|Lower digit|
Byte data RnH 7 O
P it | Dontcare
MSB Lsg T
Byte data rRo. 7 0
: Don't care | Lo
""""""""""" MSB LSB

Figure2.10 General Register Data Formats
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Data Type General Register Data Format

Word data Rn 15
MSB

Word data En

15 0

MSB LSB

Longword data ERn

31 16 15

Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2.10 General Register Data Formats (cont)
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252 Memory Data For mats

Figure 2.11 shows the data formats in memory. The CPU can access word data and longword data
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 significant
bit of the address is regarded as 0, so the access starts at the preceding address. This also appliesto
instruction fetches.

Data Type Address Data Format
0
1-bit data AddressL| 7|6 |54 |3|2|1|0
Byte data Address L [MSB: ¢ ¢ i ILSB
Word data Address 2M |MSB: ¢+ 1 r
Address 2M + 1 ELSB
Longword data Address 2N [MSB: ¢+ 00
Address2N+1| @ 1
Address 2N + 2
Address 2N + 3 Co L L s

Figure2.11 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 I nstruction Set

26.1 Overview

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function in

table 2.1.
Table2.1 Instruction Classification
Function Instructions Size  Types
Data transfer MOV BWL 5
POP**, PUSH**! WL
LDM*®, STM*® L
MOVFPE*®, MOVTPE*? B
Arithmetic ADD, SUB, CMP, EG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B
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 Bce*?, IMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1

Total: 65 types

Notes: B: byte size; W: word size; L: longword size.

1.

S S

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

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

Bcc is the general name for conditional branch instructions.

Cannot be used in the H8S/2138 Series or H8S/2134 Series.

Only register ERO, ER1, ER4, or ERS5 should be used when using the TAS instruction.
Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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26.2 Instructions and Addressing M odes

Table 2.2 indicates the combinations of instructions and addressing modes that the H85/2000 CPU
can use.

Table2.2 Combinationsof Instructions and Addressing M odes

Addressing Modes
+
j=
£lg 1 5
Function Instruction o
I} m S} Q Q. ®
© N c © < [\ - < X
gl alele|s || S| |<|=2]| 8
x| o |u| 2|2 | g | & gl 8|l |20
#* o4 ® ® ® ® ® ® ® ® ® ® ® |
Data MOV BWL | BWL | BWL | BWL | BWL | BWL B BWL| — |BWL| — — — —
tansfer  lpoppys | — | — | — | — | — | — | = | = | = | = = = | = | w
LDM*3sTM*® | — | — | — | — | — | — | — | — | — | — | — | = | = L
MOVFPE*?, — — — — — — — B — — — —_ — —
MOVTPE*!
Arithmetic | ADD, CMP BWL | BWL| — —_ — — — — — — — — — —
operations | ¢ ;g WL | BWL| — _ _ _ _ _ _ _ _ o _ _
ADDX, SUBX B B — - = = = =] = = = | =] =1 =
ADDS, SUBS — L — — —_ — — — — — — — _ —
INC, DEC —BwL| — | — | — | —m | —| —m| —| = | = | = | = | =
DAA, DAS — B — - = = = =] = = = | =] =1 =
MULXU, —lew| — | — | = = = = = == ===
DIVXU
MULXS, — W — | — | = =] = | = = | =] = | =] = =
DIVXS
NEG —Bw| — | — | — | — | —| = | = | — | —| — | — | —
EXTU, EXTS — WL — — —_ — — — — — — — _ —
TAS*2 — | = B S N N | (S (I S U | (I —
Logic AND, OR, BWL | BWL| — — — — — — — — — — — —
operations | XOR
NOT — | BWL| — — — — — — — — — — — —
Shift — | BWL| — — — — — — — — — — — —
Bit manipulation — B B — — — B B — B — — — —
Branch Bcc, BSR — - = = = = = =] = =] O]O| =1 =
JMP, JSR — - = =] =] =] = =1 Ol =] =] =10 =
RTS — - = = = = = =] = =] =l =]=10

Notes: 1. Cannot be used in the H8S/2138 Series or H8S/2134 Series.
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
3. Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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Addressing Modes

+
j
_ _ £ T & 5
Function Instruction i ] @ 6‘ g ©
© of c © < o o < 0
I I O A < e~ O T B B B B -
x| c|u | 22|} g/l 8| 8| 8| =22 |@©
& 4 ® ® | ® ® ® | ® ® | © | ® ® ® |
System | TRAPA | =] == | =] =] =]l =] =]l =] =10
control RTE — -]l =]l=]l=]l=]=1=10
SLEEP - - == = =] =] =] =] =10
LDC B B | W |W | W[ W/|[—|W]|[—|W|[—|—|—|—
STC — /B lW W | W | W|—|W| —|W| —| || =
ANDC, ORC, B | — | — | — | — | — | — | — | — | — | —| —| =] =
XORC
NOP — | - =] = =] = =] = = =] =] =]=10
Block data transfer — — — — — — — — — — — — — | BW
Legend:
B: Byte
W: Word
L: Longword
41
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26.3 Table of Instructions Classified by Function

Table 2.3 summarizes the instructions in each functional category. The notation used in table 2.3 is
defined below.

Operation Notation

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

ERN General register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

4 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

ad Logical AND

O Logical OR

d 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-hit registers (ERO to ER7).
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Table2.3

Type

Instructions Classified by Function

Instruction

Size*!

Function

Data transfer

MOV

B/WI/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

Cannot be used in the H8S/2138 Series or H8S/2134
Series.

MOVTPE

Cannot be used in the H8S/2138 Series or H8S/2134
Series.

POP

WiL

@SP+ - Rn
Pops a general register from the stack.

POP.W Rn is identical to MOV.W @SP+, Rn.
POP.L ERn is identical to MOV.L @SP+, ERn.

PUSH

WI/L

Rn - @-SP
Pushes a general register onto the stack.

PUSH.W Rn is identical to MOV.W Rn, @-SP.
PUSH.L ERn is identical to MOV.L ERn, @-SP.

LDM*3

@SP+ - Rn (register list)
Pops two or more general registers from the stack.

STM*®

Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.

RENESAS
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Type Instruction Size*'  Function
Arithmetic ADD B/W/L Rd*Rs - Rd, Rd*#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 on byte data
in two general registers, or on immediate data and data
in a general register.
INC B/W/L Rd+1 - Rd, Rd+2 - Rd
DEC 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-hbit 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 hits - 16 bits or 16 bits x
16 bits - 32 bhits.
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/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU WI/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-hit register to longword size,
by padding with zeros on the left.
EXTS WI/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.
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Type Instruction Size*'  Function
Logic AND B/W/L RdORs - Rd, RdO#IMM - 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/L 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 (logical complement) of
general register contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
A 1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
A 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.
46
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Type

Instruction

Size**!

Function

Bit-
manipulation
instructions

BSET

B

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

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

BCLR

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

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.

BIAND

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

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.

BIOR

C 0~ (<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-
manipulation
instructions

BXOR

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

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

BIXOR

C O - (<hit-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

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

BILD

= (<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

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

BIST

- 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 ciz=1
BCC(BHS) Carry clear Cc=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONDO 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

RENESAS
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Type

Instruction

Size**

Function

System control
instructions

TRAPA

Starts trap-instruction exception handling.

RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

B/W

(EAs) - CCR, (EAs) - EXR

Moves contents of a general register or memory 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 bits 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+
instructions R4L-1 - R4L
UntilR4L =0
else next;
EEPMOV.W — if R4 £ 0 then
Repeat @ER5+ - @ERG6+
R4-1 - R4
UntilR4 =0
else next;

Block transfer instruction. Transfers the number of data
bytes specified by R4L or R4 from locations starting at
the address indicated by ERS5 to locations starting at the
address indicated by ER6. After the transfer, the next
instruction is executed.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

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

2.6.4 Basic I nstruction For mats

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

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

Register Field: Specifies ageneral 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.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2.12 shows examples of instruction formats.
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(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op n m ADD.B Rn, Rm, etc.

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

op m m

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

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

op cc EA (disp) BRA d:16, etc

Figure2.12 Instruction Formats (Examples)

265 Notes on Use of Bit-Manipulation I nstructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, carry out bit
mani pulation, then write back the byte of data. Caution is therefore required when using these
instructions on a register containing write-only bits, or a port.

The BCLR instruction can be used to clear internal 1/0 register flagsto O. In this case, the relevant
flag need not be read beforehand if it is clear that it has been set to 1 in an interrupt handling
routine, etc.

2.7 Addressing Modes and Effective Address Calculation

271 Addressing Mode

The CPU supports the eight addressing modes listed in table 2.4. Each instruction uses a subset of
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-counter
relative and memory indirect. Bit-manipulation instructions use register direct, register indirect, or
absol ute 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.
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Table2.4 Addressing Modes

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

Register Direct—Rn: Theregister field of the instruction code 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-hit registers. ERO to ER7 can be specified
as 32-hit registers.

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

Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn): A 16-bit or 32-hit
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.

Register Indirect with Post-1ncrement or Pre-Decrement—@ERN+ or @-ERnN:

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

* Register indirect with pre-decrement—@-ERn
Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the result becomes the address of a memory operand. Theresult is
also stored in the address register. The value subtracted is 1 for byte access, 2 for word access,
or 4 for longword access. For word or longword access, the register value should be even.
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Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa:32: The instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits
long (@aa:16), 24 bits long (@aa:24), or 32 bitslong (@aa:32).

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 al assumed to be 1 (H'FFFF).
For a 16-bit absolute address the upper 16 bits are asign extension. A 32-bit absolute address can
access the entire address space.

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

Table 2.5 indicates the accessible absol ute address ranges.
Table25 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FFOO0 to H'FFFF H'FFFFO0O0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  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

Immediate—#xx: 8, #xx: 16, or #xx:32: The instruction contains 8-bit (#xx:8), 16-hit (#xx:16), or
32-hit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit

mani pulation instructions contain 3-bit immediate datain the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this branch
address are valid; the upper 8 bits are al 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 to
+16384 words) from the branch instruction. The resulting value should be an even number.
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Memory I ndirect—@@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 be O,
so the address range is 0 to 255 (H'0000 to H'00FF in norma mode, H'000000 to H'0000FF in
advanced mode). In norma mode the memory operand is aword operand and the branch address
is 16 hitslong. In advanced mode the memory operand is alongword operand, the first byte of
which is assumed to be al 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.

\_/\ \_/_\

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

\/_\

(a) Normal Mode (b) Advanced Mode

Figure2.13 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 an instruction code to be
fetched at the address preceding the specified address. (For further information, see section 2.5.2,
Memory Data Formats.)

2.7.2 Effective Address Calculation

Table 2.6 indicates how effective addresses are cal culated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Table2.6 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
1 Register direct (Rn) Operand is general register
contents.
op |[rm|rm
2 Register indirect (@ERnN)
31 0 31 2423 0
»| General register contents p| Don't
‘ care
op r
3 Register indirect with displacement
@(d:16, ERn) or @(d:32, ERnN)
31 0
>  General register contents
\ 31 2423 0
. Don’t
op r disp care
31 0
Sign extension disp
4 Register indirect with post-increment or pre-decrement
« Register indirect with post-increment @ERN+
31 0 31 2423 0
» ; | Don't
General register contents » care
i
op
1,2, 0r
4
* Register indirect with pre-decrement @-ERn
31 0
General register contents
31 2423 0
4 Don't
op 6—> care
Operand | Value j
Size | Added | |1 31’ or
Byte 1
Word 2
Longword 4
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Addressing Mode and Effective Address
Instruction Format Calculation Effective Address (EA)

Absolute address

@aa:8 31 2423 87 0
Don't .
op abs care H'FFFF
@aa:16
31 2423 1615 0
w | Sign
Don't
op abs exten-
care sion
@aa:24
31 2423 0
Don't
op abs care
@aa:32
op 31 2423 0
Don't
abs care
Immediate #xx:8/#xx:16/#xx:32 Operand is immediate data.
op IMM

Program-counter relative
@(d:8, PC)/@(d:16, PC)
23 0

PC contents

op disp 23 0
Sign
exten- disp 31 2423 v 0
sion
Don’t
T care
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No.

Addressing Mode and Effective Address
Instruction Format Calculation

Effective Address (EA)

Memory indirect @@aa:8

¢« Normal mode

op abs

31 87 y
H'000000 abs 31 2423 1615 0
Don't .
care H'00
15
Memory
contents
¢ Advanced mode
op abs
31 87 y
H'000000 abs
31 0 31 2423 0
Memory contents %gﬂ:
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2.8 Processing States

281 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

Software standby

Power-down state

mode
CPU operation is stopped
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
sub-active mode, sub-sleep mode, and watch mode.

Figure2.14 Processing States
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End of bus request

Bus request
Program execution
state SLEEP
End of bus instruction
request BUs SLEEP with
request instruction \_ LSON =0,
with SSBY =0
Y LSON =0,
PSS =0,
Bus-released state SSBY =1
Request for \ 7777777777777777777777777777777 ‘
Eggeg{ion exception 1 —
handiing handling Sleep mode
Interrupt
request
Exception-handling state
Y External interrupt Software standby mode

RES = high

ﬁ STBY = high, RES = low -
Reset state"! - 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. The power-down state also includes a watch mode, subactive mode, subsleep mode, etc. For details,
refer to section 24, Power-Down State.

Figure2.15 State Transitions

2.8.2 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. Al
interrupts are disabled in the reset state. Reset exception handling starts when the RES signal
changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 14,
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 aters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.7 indicates the types of exception handling and their
priority. Trap instruction exception handling is always accepted in the program execution state.

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

Table2.7 Exception Handling Typesand 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.

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

2. Trap instruction exception handling is always accepted in the program execution state.

Reset Exception Handling: After the RES pin has gone low and the reset state has been entered,
when RES goes high again, reset exception handling starts. When reset exception handling starts
the CPU fetches a start address (vector) from the exception vector table and starts program
execution from that address. All interrupts, including NMI, are disabled during reset exception
handling and after it ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When interrupt or
trap-instruction exception handling begins, the CPU references the stack pointer (ER7) and pushes
the program counter and other control registers onto the stack. Next, the CPU alters the settings of
the interrupt mask bitsin the control registers. Then the CPU fetches a start address (vector) from
the exception vector table and program execution starts from that start address.
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Figure 2.16 shows the stack after exception handling ends.

Normal mode Advanced mode
SP— CCR SP— CCR
*
CCR PC
pC (24 bits)
(16 bits)

Note: * Ignored when returning.

Figure2.16 Stack Structure after Exception Handling (Examples)

284 Program Execution State

In this state the CPU executes program instructionsin sequence.

2.85 Bus-Released State

Thisisastate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the busis released, the CPU halts except for internal operations.

There is one other bus master in addition to the CPU: the data transfer controller (DTC).

For further details, refer to section 6, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
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 also
three other power-down modes: medium-speed mode, module stop mode, and subactive mode. In
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 modes that use subclock input. For

details, refer to section 24, Power-Down State.
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Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
software standby bit (SSBY) in the standby control register (SBY CR) and the LSON bit in the
low-power control register (LPWRCR) are both cleared to 0. In sleep mode, CPU operations stop
immediately after execution of the SLEEP instruction. The contents of CPU registers are retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bitin SBYCR is set to 1 and the LSON bit in LPWRCR
and the PSS bit in the WDT1 timer control/status register (TCSR) are both cleared to 0. In
software standby mode, the CPU and clock halt and all MCU operations stop. Aslong asa
specified voltage is supplied, the contents of CPU registers and on-chip RAM areretained. The
1/O ports also remain in their existing states.

Hardwar e Standby Mode: A transition to hardware standby mode is made when the STBY 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.

29 Basic Timing

29.1 Overview

The CPU isdriven by a system clock, denoted by the symbol @. The period from one rising edge
of @to the next isreferred to asa“ state.” The memory cycle or bus cycle consists of one, two, or
three states. Different methods are used to access on-chip memory, on-chip supporting modules,
and the external address space.

292 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word transfer instruction. Figure 2.17 shows the on-chip memory access cycle. Figure 2.18 shows
the pin states.
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Internal address bus

Internal read signal '\

Read ! !
access 3 1
Internal data bus ; < Read data >—
_ Internal write signal N\ /
Write | |
access / ‘
Internal data bus ; L

Write data >—

Figure2.17 On-Chip Memory Access Cycle

Bus cycle

Address bus Unchanged

AS High

RD High

WR High

Data bus High impedance

Figure2.18 Pin Statesduring 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 busis either 8 bits or 16 bits
wide, depending on the particular internal 1/0 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 N\ /

Read

access i / \
Internal data bus : \ Read data >—
Internal write signal \ /

Write |

access i f 3
Internal data bus 1 < Write data >—

Figure2.19 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus | Unchénged |
AS High
RD High
WR High
Data bus High im|joedance

Figure2.20 Pin Statesduring On-Chip Supporting M odule Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit data bus width in atwo-state or three-state
bus cycle. In three-state access, wait states can be inserted. For further details, refer to section 6,
Bus Controller.

2.10 Usage Note

2.10.1 TASInstruction

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, or
ER5 is used.
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2.10.2 STM/LDM Instruction

ER7 is not used as the register that can be saved (STM)/restored (LDM) when using STM/LDM
instruction, because ER7 isthe stack pointer. Two, three, or four registers can be saved/restored by
one STM/LDM instruction. The following ranges can be specified in the register list.

Two registers: ERO—ER1, ER2—ERS3, or ER4—ER5
Three registers: ERO—ER2, or ER4—ER6
Four registers: ERO—ER3

The STM/LDM instruction including ER7 is not generated by the Hitachi H8S and H8/300 series
C/C++compilers.
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Section 3 MCU Operating Modes

31 Overview

311 Operating Mode Selection

The H8S/2138 Series and H8S/2134 Series have three operating modes (modes 1 to 3). These
modes enabl e selection of the CPU operating mode and enabling/disabling of on-chip ROM, by
setting the mode pins (MD1 and MDO).

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection

MCU CPU

Operating Operating On-Chip

Mode MD1 MDO Mode Description ROM

0 0 0 — — —

1 1 Normal Expanded mode with on-chip ROM disabled Disabled

2 1 0 Advanced Expanded mode with on-chip ROM enabled Enabled
Single-chip mode

3 1 Normal Expanded mode with on-chip ROM enabled

Single-chip mode

The CPU’ s architecture allows for 4 Gbytes of address space, but the H8S/2138 Series and
H8S5/2134 Series actually access a maximum of 16 Mbytes. However, as there are 16 externa
address output pins, advanced mode is enabled only in single-chip mode or in expanded mode
with on-chip ROM enabled when a specific areain the external address space is accessed using
I0S. The external data bus width is 8 bits.

Mode 1 is an externally expanded mode that allows access to external memory and peripheral
devices. With modes 2 and 3, operation begins in single-chip mode after reset release, but a
transition can be made to external expansion mode by setting the EXPE bit in MDCR.

The H8S/2138 Series and H85/2134 Series can only be used in modes 1 to 3. These means that the
mode pins must select one of these modes. Do not changes the inputs at the mode pins during
operation.
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312 Register Configuration

The H85/2138 Series and H85/2134 Series have a mode control register (MDCR) that indicates
the inputs at the mode pins (MD1 and MDO), a system control register (SY SCR) and bus control
register (BCR) that control the operation of the MCU, and a serial/timer control register (STCR)
that controls the operation of the supporting modules. Table 3.2 summarizes these registers.

Table3.2 MCU Registers

Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R/W Undetermined H'FFC5
System control register SYSCR R/W H'09 H'FFC4
Bus control register BCR R/W H'D7 H'FFC6
Serial/timer control register STCR R/W H'00 H'FFC3

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

321 Mode Control Register (MDCR)

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

Initial value —* 0 0 0 0 0 —* —*

Read/Write R/W* — — — — — R R

Note: * Determined by pins MD1 and MDO.

MDCR is an 8-hit read-only register that indicates the operating mode setting and the current
operating mode of the MCU.

The EXPE bit isinitialized in coordination with the mode pin states by areset and in hardware
standby mode.
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Bit 7—Expanded M ode Enable (EXPE): Sets expanded mode. In mode 1, thisbit isfixed at 1
and cannot be modified. In modes 2 and 3, this bit has an initial value of 0, and can be read and
written.

Bit 7

EXPE Description

0 Single chip mode is selected
1 Expanded mode is selected

Bits 6 to 2—Reserved: These bits cannot be modified and are always read as 0.

Bits1 and 0—Mode Select 1 and 0 (MDS1, MDS0): These bitsindicate the input levels at pins
MD21 and MDO (the current operating mode). Bits MDS1 and MDSO0 correspond to MD1 and
MDO. MDS1 and MDSO are read-only bits—they cannot be written to. The mode pin (MD1 and
MDO) input levels are latched into these bits when MDCR isread.

322 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
CS2E IOSE | INTM1 | INTMO | XRST | NMIEG HIE RAME

Initial value 0 0 0 0 1 0 0 1

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

SY SCR is an 8-hit readable/writable register that performs selection of system pin functions, reset
source monitoring, interrupt control mode selection, NMI detected edge selection, supporting
module pin location selection, supporting module register access control, and RAM address space
control.

Only bits 7, 6, 3, 1, and 0 are described here. For a detailed description of these bits, refer also to
the description of the relevant modules (host interface, bus controller, watchdog timer, RAM,
etc.). For information on bits 5, 4, and 2, see section 5.2.1, System Control Register (SY SCR).

SYSCRisinitialized to H'09 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Chip Select 2 Enable (CS2E): Specifies the location of the host interface control pin
(CS2). For details, see section 17, Host Interface. The H8S/2134 series does not incorporate a host
interface, so do not set thisbit to 1 in the H8S/2134 series.
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Bit 6—I OS Enable (I0SE): Controls the function of the AS/IOS pin in expanded mode.

Bit 6
IOSE Description
0 The AS/10S pin functions as the address strobe pin (AS)
(Low output when accessing an external area) (Initial value)
1 The AS/10S pin functions as the I/O strobe pin (10S)

(Low output when accessing a specified address from H'(FF)FO00 to H'(FF)FE4F)*

Note: * In the H8S/2138 F-ZTAT A-mask version, the address range is from H'(FF)F000 to
H'(FF)F7FF.

Bit 3—External Reset (XRST): Indicates the reset source. When the watchdog timer is used, a
reset can be generated by watchdog timer overflow aswell as by external reset input. XRST isa
read-only bit. It is set to 1 by an external reset and cleared to 0 by watchdog timer overflow.

Bit 3

XRST Description

0 A reset is generated by watchdog timer overflow

1 A reset is generated by an external reset (Initial value)

Bit 1—Host I nterface Enable (HIE): Thisbit controls CPU access to the host interface data
registers and control registers (HICR, IDR1, ODR1, STR1, IDR2, ODR2, and STR2), the
keyboard controller and MOS input pull-up control registers (KMIMR and KMPCR), the 8-bit
timer (channel X and Y) dataregisters and control registers (TCRX/TCRY, TCSRX/TCSRY,
TICRR/TCORAY, TICRF/TCORBY, TCNTX/TCNTY, TCORC/TISR, TCORAX, and
TCORBX), and the timer connection control registers (TCONRI, TCONRO, TCONRS, and
SEDGR).

Bit 1
HIE Description
0 In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC to H'(FF)FFFF, (Initial value)

CPU access to 8-bit timer (channel X and Y) data registers and control
registers, and timer connection control registers, is permitted

1 In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC to H'(FF)FFFF,
CPU access to host interface data registers and control registers, and
keyboard controller and MOS input pull-up control registers, is permitted
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Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized when the reset stateis released. It is not initialized in software standby mode.

Bit 0

WDescription

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

323 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO0 — I0S1 10S0
Initial value 1 1 0 1 0 1 1 1

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

BCR is an 8-bit readable/writable register that specifies the external memory space access mode,
and the /O arearange when the AS pin is designated for use as the 1/O strobe. For details on bits 7
to 2, see section 6.2.1, Bus Control Register (BCR).

BCRiisinitialized to H'D7 by areset and in hardware standby mode.

Bits1 and 0—IOS Select 1 and 0 (10S1, 10S0): These bits specify the addresses for which the
AS/TOS pin output goes low when I0SE = 1.

BCR
Bit 1 Bit 0
I0S1 10S0 Description
0 0 The AS/IOS pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FO3F
1 The AS/10S pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FOFF
1 0 The AS/I0OS pin output goes low in accesses to addresses
H'(FF)FO0O to H'(FF)F3FF
1 The AS/10S pin output goes low in accesses to addresses
H'(FF)FO00 to H'(FF)FE4F* (Initial value)
Note: * In the H8S/2138 F-ZTAT A-mask version, the address range is from H'(FF)F000 to
H'(FF)F7FF.
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324 Serial Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
— IICX1 IICX0 IICE FLSHE — ICKS1 ICKSO
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

STCR is an 8-bit readable/writable register that controls register access, the 11C operating mode
(when the on-chip 11C option isincluded), an on-chip flash memory control (in F-ZTAT versions),
and also selectsthe TCNT input clock. For details of functions other than register access control,
see the descriptions of the relevant modules. If amodule controlled by STCR is not used, do not
write 1 to the corresponding bit.

STCRisinitialized to H'00 by areset and in hardware standby mode.
Bit 7—Reserved: Do not write 1 to this bit.

Bits 6, 5—I2C Transfer Select (11CX1, [1CX0): These bits control the operation of the 1°C bus
interface when the on-chip 11C option isincluded. For details, see section 16.2.7, Serial Timer
Control Register (STCR).

Bit 4—I%C Master Enable (11 CE): Controls CPU access to the 1°C businterface data registers
and control registers (ICCR, ICSR, ICDR/SARX, and ICMR/SAR), the PWM X data registers and
control registers (DADRAH/DACR, DADRAL, DADRBH/DACNTH, and DADRBL/DACNTL),
and the SCI control registers (SMR, BRR, and SCMR).

Bit 4
IICE Description

0 Addresses H'(FF)FF88 and H'(FF)FF89, and H'(FF)FF8E and (Initial value)
H'(FF)FF8F, are used for SCI1 control register access

Addresses H'(FF)FFAO and H'(FF)FFA1, and H'(FF)FFA6 and
H'(FF)FFA7, are used for SCI2 control register access

Addresses H'(FF)FFD8 and H'(FF)FFD9, and H'(FF)FFDE and
H'(FF)FFDF, are used for SCIO control register access

1 Addresses H'(FF)FF88 and H'(FF)FF89, and H'(FF)FF8E and
H'(FF)FF8F, are used for IIC1 data register and control register access

Addresses H'(FF)FFAO and H'(FF)FFA1, and H'(FF)FFA6 and
H'(FF)FFA7, are used for PWMX data register and control register
access

Addresses H'(FF)FFD8 and H'(FF)FFD9, and H'(FF)FFDE and
H'(FF)FFDF, are used for [ICO data register and control register access
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Bit 3—Flash Memory Control Register Enable (FLSHE): Controls CPU access to the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR?2), the power-down mode control
registers (SBY CR, LPWRCR, MSTPCRH, and MSTPCRL), and the supporting modul e control
registers (PCSR and SY SCR2).

Bit 3

FLSHE Description

0 Addresses H'(FF)FF80 to H'(FF)FF87 are used for power-down mode  (Initial value)
control register and supporting module control register access

1 Addresses H'(FF)FF80 to H'(FF)FF87 are used for flash memory control

register access (F-ZTAT version only)

Bit 2—Reserved: Do not write 1 to this bit.

Bits 1 and O—Internal Clock Select 1 and 0 (ICK S1, ICK S0): These bits, together with bits
CKS21to CKS0in TCR, select the clock to be input to TCNT. For details, see section 12.2.4,
Timer Control Register (TCR).

33 Operating Mode Descriptions

331 Mode 1
The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is disabled.

Ports 1 and 2 function as an address bus, port 3 function as a data bus, and part of port 9 carries
bus control signals.

3.3.2 Mode 2

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
After areset, single-chip mode is set, and the EXPE bit in MDCR must be set to 1 in order to use
external addresses. However, as these series have a maximum of 16 address outputs, an external
address can be specified correctly only when the 1/0 strobe function of the AS/IOS pin is used.

When the EXPE bit in MDCR is set to 1, ports 1, and 2 function as input ports after areset. They
can be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port 3 function as a data bus, and part of port 9 carries bus control signals.
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3.3.3 Mode 3

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled.
After areset, single-chip mode is set, and the EXPE bit in MDCR must be set to 1 in order to use
external addresses.

When the EXPE bit in MDCR is set to 1, ports 1 and 2 function as input ports after areset. They
can be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port 3 function as a data bus, and part of port 9 carries bus control signals.

In products with an on-chip ROM capacity of 64 kbytes or more, the amount of on-chip ROM that
can be used islimited to 56 kbytes.

34 Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 3, and 9 vary depending on the operating mode. Table 3.3 shows
their functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3

Port 1 A P*/A P*/A

Port 2 A P*/A P*/A

Port 3 D P*/D P*/D

Port 9 P97 P*/C P*/C P*/C
P96 C*/P P*/C P*/C
P95 to P93 Cc P*/C P*/C
P92 to P90 P P P

Legend:

P: 1/0O port

A: Address bus output

D: Data bus I/0

C: Control signals, clock I1/0

*: After reset

35 Memory Map in Each Operating Mode
Figures 3.1 to 3.4 show memory maps for each of the operating modes.

The address space is 64 kbytesin modes 1 and 3 (normal modes), and 16 Mbytes in mode 2
(advanced mode).
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The on-chip ROM capacity is 32 kbytes (H852130), 64 kbytes (H8S/2132 and H85/2137), 96
kbytes (H852133), or 128 kbytes (H8S/2134 and H8S/2138), but for products with an on-chip

ROM capacity of 64 kbytes or more, the amount of on-chip ROM that can be used is limited to 56

kbytesin mode 3 (normal mode). Do not access the reserved area and addresses of modules not
supported by the product. Note that normal operation is not guaranteed when these regions are

accessed.

For details, see section 6, Bus Controller.

Mode 1

(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E080

H'EFFF

H'FE50
H'FEFF
H'FF00
H'FF7F
H'FF80
H'FFFF

External address
space

On-chip RAM*

External address
space

Internal I/O registers 2

On-chip RAM
(128 bytes)*

Internal I/O registers 1

Mode 3/EXPE = 1
(normal expanded mode

with on-chip ROM enabled)

H'0000

H'DFFF

H'E080

H'EFFF

H'FE50
H'FEFF
H'FFQ0
HFF7F
H'FF80
H'FFFF

On-chip ROM

External address
space

On-chip RAM*

External address
space

Internal I/O registers 2

On-chip RAM
(128 bytes)*

Internal I/O registers 1

Mode 3/EXPE =0

(normal single-chip mode)

H'0000

H'DFFF

H'E080

H'EFFF

H'FE50
H'FEFF
H'FF00
HFF7F
H'FF80
H'FFFF

On-chip ROM

On-chip RAM

Internal I/O registers 2

On-chip RAM
(128 bytes)

Internal I/O registers 1

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 H85/2138 (except for F-ZTAT A-mask Version) and H85/2134 Memory Map in

Each Operating Mode
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Mode 2/EXPE = 1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000

On-chip ROM On-chip ROM
H'O1FFFF H'O1FFFF
H'020000 | External address _|.

T space™? B

H'FFE080 H'FFE080

On-chip RAM™ On-chip RAM
H'FFEFFF H'FFEFFF

External address

space*2

EEEEEE& Internal I/O registers 2 EEEEEE?: Internal I/O registers 2
H'FFFF00 On-chip RAM H'FFFFO0 On-chip RAM
H'FFFF7F (128 bytes)™! H'FFFF7F (128 bytes)
H'FFFF80 ) H'FFFF80 :
H'EEFEEE Internal I/0O registers 1 HEFEEEE Internal 1/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. For these models, the maximum number of external address pins is 16. An external address can
only be specified correctly for an area that uses the I/O strobe function.

Figure3.1 HB8S/2138 (except for F-ZTAT A-mask Version) and H8S/2134 Memory Map in
Each Operating M ode (cont)
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0

(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
:EE%?: Reserved area :EE%?: Reserved area
HEEISZIO: Internal 1/O registers 2 EEEE& Internal 1/O registers 2 EEEE& Internal I/O registers 2
H'FFO0 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEFEE Internal 1/O registers 1 HEEFE Internal 1/O registers 1 HEEFE Internal I/O registers 1

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.2 H8S/2138 F-ZTAT A-mask Version Memory Map in Each Operating M ode
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Mode 2/EXPE = 1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000

On-chip ROM On-chip ROM
H'O1FFFF H'O1FFFF
H'020000 | External address |

T space’? B

H'FFE080 H'FFE080

On-chip RAM™ On-chip RAM
H'FFEFFF H'FFEFFF

External address

space*2

H'FFF800
H'EFFFE4F Reserved area
EEEEE%{% Internal I/O registers 2 :EEEEE& Internal 1/O registers 2
H'FFFFO0 On-chip RAM H'FFFF00 On-chip RAM
H'FFFF7F (128 bytes)"? H'FFFF7F (128 bytes)
H'FFFF80 ) H'FFFF80 .
H'EFFEEE Internal /O registers 1 H'EFEEEE Internal I/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. For these models, the maximum number of external address pins is 16. An external address can
only be specified correctly for an area that uses the 1/O strobe function.

Figure3.2 H8S/2138 F-ZTAT A-mask Version Memory Map in Each Operating M ode
(cont)
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Mode 3/EXPE =0
(normal single-chip mode)

Mode 3/EXPE =1
(normal expanded mode
with on-chip ROM enabled)

Mode 1
(normal expanded mode
with on-chip ROM disabled)

H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
EEEE?: Internal 1/O registers 2 EEE,S:E Internal 1/O registers 2 EEEE& Internal I/O registers 2
H'FFO0 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEFEE Internal 1/O registers 1 HEEFE Internal 1/O registers 1 HEEFE Internal I/O registers 1

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.3 H8S/2133 Memory Map in Each Operating Mode
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Mode 2/EXPE =1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000

On-chip ROM On-chip ROM
H'017FFF H'017FFF

Reserved area Reserved area
H'01FFFF H'01FFFF
H'020000 | External address |

1T space™? T

H'FFEO80 H'FFEO80

On-chip RAM™? On-chip RAM
H'FFEFFF H'FFEFFF

External address

space”2

HEEEE,S:E Internal I/O registers 2 HEEEE,S:E Internal I/O registers 2
H'FFFFO0 On-chip RAM H'FFFFO0 On-chip RAM
H'FFFF7F (128 bytes)*1 H'FFFF7F (128 bytes)
H'FFFF80 . H'FFFF80 ;
H'EEEFFE Internal I/O registers 1 H'EEEFFE Internal I/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. For these models, the maximum number of external address pins is 16. An external address can
only be specified correctly for an area that uses the 1/O strobe function.

Figure3.3 H8S/2133 Memory Map in Each Operating M ode (cont)

82
RENESAS




Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0

(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
Reserved area* Reserved area* Reserved area
H'E880 . H'E880 : H'E880 -
On-chip RAM* On-chip RAM* , On-chip RAM
H'EFFF P H'EFFF P H'EFFF P
External address External address
space space
EEEE?: Internal 1/O registers 2 EEE,S:?: Internal 1/O registers 2 EEEE& Internal I/O registers 2
H'FFO0 On-chip RAM H'FF00 On-chip RAM H'FF00 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 : H'FF80 . H'FF80 ;
H'EFEE Internal 1/O registers 1 HEEFE Internal 1/O registers 1 HEEFE Internal I/O registers 1

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.4 H8S/2137 and H85/2132 Memory Map in Each Operating Mode
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Mode 2/EXPE =1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000
On-chip ROM On-chip ROM
H'00FFFF H'00FFFF
Reserved area Reserved area
H'01FFFF H'01FFFF
H'020000 | External address _|.
T space™? B
H'FFE080 H'FFE080
Reserved area’™® Reserved area
H'FFE880 . " H'FFE880 .
On-chip RAM™ On-chip RAM
H'FFEFFF H'FFEFFF
External address
space*?
EEEEEIS:IO: Internal 1/O registers 2 EEEEEE& Internal 1/O registers 2
H'FFFFO0 On-chip RAM H'FFEFO0 On-chip RAM
H'FFFF7F (128 bytes)'! H'FFFF7F (128 bytes)
H'FFFF80 : H'FFFF80 )
H'EEEEFE Internal I/O registers 1 H'EEEFEE Internal I/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. For these models, the maximum number of external address pins is 16. An external address can
only be specified correctly for an area that uses the 1/O strobe function.

Figure3.4 H8S/2137 and H8S5/2132 Memory Map in Each Operating M ode (cont)
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Mode 1

(normal expanded mode

with on-chip ROM disabled)

H'0000

H'E080

H'E880
HEFFF

HFE50
H'FEFF
H'FF00
HFF7F
H'FF80
H'FFFF

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal 1/O registers 2

On-chip RAM
(128 bytes)*

Internal 1/O registers 1

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'7FFF

H'DFFF

H'E080

H'E880
HEFFF

H'FE50
H'FEFF
H'FF00
HFF7F
H'FF80
H'FFFF

Mode 3/EXPE =1

On-chip ROM

Reserved area

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal 1/O registers 2

On-chip RAM
(128 bytes)*

Internal 1/O registers 1

Mode 3/EXPE =0

(normal single-chip mode)

H'0000

H'7FFF

H'DFFF

H'E080

H'E880
HEFFF

H'FE50
H'FEFF
H'FF00
HFF7F
H'FF80
H'FFFF

On-chip ROM

Reserved area

Reserved area

On-chip RAM

Internal I/O registers 2

On-chip RAM
(128 bytes)

Internal I/O registers 1

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.5 H8S/2130 Memory Map in Each Operating Mode
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Mode 2/EXPE =1
(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'007FFF

On-chip ROM

H'O1FFFF

Reserved area

H'OZOOOOt: External address _|

space™?

))

H'FFE080

Reserved area’®

H'FFES80
H'FFEFFF

On-chip RAM™

External address
space*?

H'FFFE50
H'FFFEFF

Internal I/O registers 2

H'FFFFO0
HFFFF7F

On-chip RAM
(128 bytes)*1

H'FFFF80
H'FFFFFF

Internal I/O registers 1

Mode 2/EXPE =0
(advanced single-chip mode)

H'000000

H'007FFF

H'O1FFFF

H'FFEO080

H'FFE880
H'FFEFFF

H'FFFE50
H'FFFEFF
H'FFFF00
HFFFF7F
H'FFFF80
H'FFFFFF

On-chip ROM

Reserved area

Reserved area

On-chip RAM

Internal I/O registers 2

On-chip RAM
(128 bytes)

Internal 1/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

2. For these models, the maximum number of external address pins is 16. An external address can

only be specified correctly for an area that uses the 1/O strobe function.

Figure3.5 H8S/2130 Memory Map in Each Operating M ode (cont)
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Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, direct transition, trap
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 on
the interrupt control mode set by the INTMO and INTM1 bitsin SY SCR.

Table4.1 Exception Typesand 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 timer overflows.
Trace Starts when execution of the current instruction or exception

handling ends, if the trace (T) bit is set to 1.
(Cannot be used with this LSI.)

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.**
Direct transition Started by a direct transition resulting from execution of a
SLEEP instruction.
Low Trap instruction (TRAPA)*? Started by execution of a trap instruction (TRAPA).

Notes: 1. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

2. Trap instruction exception handling requests are accepted at all times in the program
execution state.

412 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC) and condition-code register (CCR) are pushed onto the stack.
2. Theinterrupt 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 areset exception, steps 2 and 3 above are carried out.
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413 Exception Sourcesand 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.

Reset

Trace (Cannot be used in the H8S/2138 Series or H8S/2134 Series)

External interrupts: NMI, IRQ7 to IRQO
Exception P Q Q

sources Interrupts 4 Internal interrupts: interrupt sources in
on-chip supporting modules

Direct transition

Trap instruction

Figure4.1 Exception Sources
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Table4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address**

Normal Mode

Advanced Mode

Reset

H'0000 to H'0001

H'0000 to H'0003

Reserved for system use

H'0002 to H'0003

H'0004 to H'0007

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

H'0008 to H'0009

H'0010 to H'0013

H'000A to H'000B

H'0014 to H'0017

Direct transition

H'000C to H'000D

H'0018 to H'001B

External interrupt

NMI

H'000E to H'000F

H'001C to H'001F

Trap instruction (4 sources)

H'0010 to H'0011

H'0020 to H'0023

© 00N || W N|FL,|O

H'0012 to H'0013

H'0024 to H'0027

[N
o

H'0014 to H'0015

H'0028 to H'002B

[ERN
[N

H'0016 to H'0017

H'002C to H'002F

Reserved for system use

[EnY
N

H'0018 to H'0019

H'0030 to H'0033

[N
w

H'001A to H'001B

H'0034 to H'0037

[EnY
N

H'001C to H'001D

H'0038 to H'003B

[EnY
(&)

H'0O01E to H'001F

H'003C to H'003F

External interrupt

IRQO

[EEN
(o2}

H'0020 to H'0021

H'0040 to H'0043

IRQ1

Iy
~

H'0022 to H'0023

H'0044 to H'0047

IRQ2

[EnY
o

H'0024 to H'0025

H'0048 to H'004B

IRQ3

[EEY
©

H'0026 to H'0027

H'004C to H'004F

IRQ4

N
o

H'0028 to H'0029

H'0050 to H'0053

IRQ5

N
=

H'002A to H'002B

H'0054 to H'0057

IRQ6

N
N

H'002C to H'002D

H'0058 to H'005B

IRQ7

N
w

H'002E to H'002F

H'005C to H'005F

Internal interrupt*?

24
g
103

H'0030 to H'0031
g
H'00CE to H'00CF

H'0060 to H'0063
g
H'019C to H'019F

Notes: 1. Lower 16 bits of the address.

2. For details on internal interrupt vectors, see section 5.3.3, Interrupt Exception Vector

Table.
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4.2 Reset

421 Overview
A reset has the highest exception priority.

When the RES pin goes low, all processing halts and the MCU enters the reset state. A reset
initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after areset, interrupt control mode O is set.

Reset exception handling begins when the RES pin changes from low to high.

H8S5/2138 Series and H8S/2134 Series MCUs can also be reset by overflow of the watchdog timer.
For details, see section 14, Watchdog Timer.

422 Reset Sequence
The MCU enters the reset state when the RES pin goes low.

To ensure that the chip isreset, hold the RES pin low for at least 20 ms when powering on. To
reset the chip during operation, hold the RES pin low for at least 20 states. For pin statesin areset,
see Appendix D.1, Pin States at Reset.

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

[1] Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

[2] Thereset exception vector addressis 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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Q

RES

Internal
address bus

Internal read
signal

Internal write
signal

Internal data
bus

Fetch of
Vector Internal first program
fetch  processing instruction

|
>
| | | |

—(@) }

(1) Reset exception vector address ((1) = H'0000)

(2) Start address (contents of reset exception vector address)
(3) Start address ((3) = (2))

(4) First program instruction

Figure4.2 Reset Sequence (Mode 3)

RENESAS
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Fetch of
Internal first program

Vector fetch processing  instruction

WA BT I
D7 to DO {(2) %) ) / (6)3

(1) (3) Reset exception vector address ((1) = H'0000, (3) = H'0001)
(2) (4) Start address (contents of reset exception 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 1)

4.2.3 Interrupts after Reset

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

Interrupt exception handling can be requested by nine external sources (NMI and IRQ7 to IRQO)
from 17 input pins (NMI, IRQ7 to IRQO, and KIN7 to KINO), and internal sourcesin the on-chip
supporting modules. Figure 4.4 shows 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 free-running timer (FRT), 8-bit timer (TMR), serial communication interface (SCI), data
transfer controller (DTC) (only in the H8S/2138 series), A/D converter (ADC), host interface
(HIF) (only in the H85/2138 series), and I°C bus interface (option). Each interrupt source has a
separate vector address.

NMI isthe 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 and
address bresk to either three priority/mask levels to enable multiplexed interrupt control.

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

External NMI(2)
interrupts IRQ7 to IRQO (8)

Interrupts WDT* (2)
FRT (7)

TMR (10)
Internal SCI (12)
interrupts DTC (1)

ADC (1)

HIF (2)

IIC (3) (option)
Other (1)

Note: Numbers in parentheses are the numbers of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates an interrupt
request at each counter overflow.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

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

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

Table 4.3 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table4.3 Statusof CCR and EXR after Trap Instruction Exception Handling

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

0: Clearedto 0
—: Retains value prior to execution.
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4.5 Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\

SP—» CCR
CCR*
PC

(16 bits)

\/\

Interrupt control modes 0 and 1

Note: * Ignored on return.

Figure4.5(1) Stack Statusafter Exception Handling (Normal M ode)

SP—» CCR

,,,,,,,, Pc R

\/\

Interrupt control modes 0 and 1

Note: * Ignored on return.

Figure4.5(2) Stack Statusafter Exception Handling (Advanced M ode)
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4.6 Notes on Use of the Stack

When accessing word data or longword data, the H85/2138 Series or H85/2134 Series chip
assumes that the lowest address hit is 0. The stack should always be accessed by word transfer
instruction or longword transfer instruction, and the value of the stack pointer (SP: ER7) should
always be kept even. Use the following instructions to save registers:

PUSHW Ri  (or MV.WR), @SP)
PUSHL ER1 (or MV.L ERn, @SP)

Use the following instructions to restore registers.

PCP. W Rn (or MOV. W @P+, Rn)
PCP. L ERM (or MOV.L @P+, ERn)

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» RLL H'FFEFFA
SP = HFFEFFB
PC PC H'FFEFFC
HFFEFFD
sPw»| 1 0 1 [ ]
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFEFFF

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

SP setto 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.

Figure4.6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

H8S5/2138 Series and H8S/2134 Series MCUs control interrupts by means of an interrupt
controller. The interrupt controller has the following features:

Two interrupt control modes

O Either of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR).

Priorities settable with ICR

O Aninterrupt control register (ICR) is provided for setting interrupt priorities. Three priority
levels can be set for each module for all interrupts except NMI and address break.

Independent vector addresses

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

Fifteen external interrupt pins (nine external sources)

O NMI isthe highest-priority interrupt, and is accepted at all times. A rising or falling edge at
the NMI pin can be selected for the NMI interrupt.

0 Falling edge, rising edge, or both edge detection, or level sensing, at pins IRQ7 to IRQO
can be selected for interrupts IRQ7 to IRQO.

0 ThelRQ6 interrupt is shared by the interrupt from the IRQ6 pin and eight external interrupt
inputs (KIN7 to KINO).

DTC control
O DTC activation is controlled by means of interrupts.
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512 Block Diagram

A block diagram of the interrupt controller is shown in Figure 5.1.

| INTM1 INTMO
SYSCR|
NMIEG ‘ L
NMI input = NMI input unit - Interrupt
request
IRQ input IRQ :ré;:;tumt I Vector

number
ISCR IER Priority

determination

CPU

Internal interrupt

requests
SWDTEND to lICI1

ICR

Interrupt controller

Legend:

ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

ICR: Interrupt control register

SYSCR: System control register

| CCR

Figure5.1 Block Diagram of Interrupt Controller
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513 Pin Configuration
Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Interrupt Controller Pins

Name Symbol 1/0 Function

Nonmaskable interrupt ~ NMI Input Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt IRQ7 to IRQO Input Maskable external interrupts; rising, falling, or

requests 7to 0 both edges, or level sensing, can be selected.

Key input interrupt KIN7 to KINO Input Maskable external interrupts: falling edge or

requests 7to 0 level sensing can be selected.

514 Register Configuration
Table 5.2 summarizes the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address**
System control register SYSCR R/W H'09 H'FFC4
IRQ sense control register H ISCRH R/W H'00 H'FEEC
IRQ sense control register L ISCRL R/W H'00 H'FEED
IRQ enable register IER R/W H'00 H'FFC2
IRQ status register ISR R/(W)*2 H'00 H'FEEB
Keyboard matrix interrupt mask KMIMR R/W H'BF H'FFF1*®
register

Interrupt control register A ICRA R/W H'00 H'FEE8
Interrupt control register B ICRB R/W H'00 H'FEE9
Interrupt control register C ICRC R/W H'00 H'FEEA
Address break control register ~ABRKCR R/W H'00 H'FEF4
Break address register A BARA R/W H'00 H'FEF5
Break address register B BARB R/W H'00 H'FEF6
Break address register C BARC R/W H'00 H'FEF7

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, for flag clearing.

3. When setting KMIMR, the HIE bit in SYSCR must be setto 1, and also MSTP2 bit in
MSTPCRL must be set to 0.
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5.2 Register Descriptions

521 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
CS2E IOSE INTM1 | INTMO | XRST | NMIEG HIE RAME

Initial value 0 0 0 0 1 0 0 1

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

SY SCR is an 8-hit readable/writable register of which bits 5, 4, and 2 select the interrupt control
mode and the detected edge for NMI.

Only bits 5, 4, and 2 are described here; for details on the other bits, see section 3.2.2, System
Control Register (SY SCR).

SYSCRisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits5 and 4—Interrupt Control Mode 1 and 0 (INTM 1, INTM0): These bits select one of four
interrupt control modes for the interrupt controller. The INTM1 bit must not be set to 1.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

0 0 0 Interrupts are controlled by | bit (Initial value)

1 1 Interrupts are controlled by | and Ul bits and ICR
1 0 2 Cannot be used in the H8S/2138 Series or H8S/2134 Series
1 3 Cannot be used in the H8S/2138 Series or H8S/2134 Series

Bit 2—NM| Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 2

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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522 Interrupt Control Registers A to C (ICRA toICRC)

Bit 7 6 5 4 3 2 1 0
ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICR1 ICRO
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

The ICR registers are three 8-bit readabl e/writable registers that set the interrupt control level for
interrupts other than NM1 and address break.

The correspondence between ICR settings and interrupt sourcesis shown in table 5.3.
The ICR registers are initialized to H'00 by areset and in hardware standby mode.

Bit n—Interrupt Control Level (ICRn): Setsthe control level for the corresponding interrupt
source.

Bit n
ICRN Description
0 Corresponding interrupt source is control level 0 (non-priority) (Initial value)
1 Corresponding interrupt source is control level 1 (priority)
(n=7100)
Table5.3 Correspondence between Interrupt Sourcesand | CR Settings
Bits
Register 7 6 5 4 3 2 1 0
ICRA IRQO IRQ1 IRQ2 IRQ4 IRQ6 DTC Watchdog Watchdog
IRQ3 IRQ5 IRQ7 timer O timer 1
ICRB A/ID Free- — — 8-bit 8-bit 8-bit HIF
converter running timer timer timer
timer channel 0 channel 1 channels
X, Y
ICRC SCI SCI SCI |[e2 lc — — —
channel 0 channel 1 channel 2 channel 0 channel 1
(option)  (option)
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523  IRQ Enable Register (IER)

Bit 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE
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

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7to 0—IRQ7to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bit n
IRQNE Description
0 IRQn interrupt disabled (Initial value)
1 IRQn interrupt enabled
(n=71t00)

524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)
* |ISCRH

Bit 15 14 13 12 11 10 9 8

IRQ7SCB| IRQ7SCA| IRQ6SCB| IRQ6SCA|IRQ5SCB |IRQ5SCA [ IRQ4SCB | IRQ4SCA
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

e |SCRL
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

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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ISCRH and ISCRL are 8-bit readable/writabl e registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

Each of the ISCR registersisinitialized to H'00 by areset and in hardware standby mode.

ISCRH Bits7to 0, ISCRL Bits 7 to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to
IRQO Sense Control A and B (IRQOSCA, IRQOSCB)

ISCRH Bits 7to 0
ISCRL Bits 7to 0

IRQ7SCB to  IRQ7SCA to

IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(Initial value)
1 Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input

525 IRQ Status Register (I1SR)

Bit 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IRQOF
Initial value 0 0 0 0 0 0 0 0

Read/Write RI(W)*  R/(W)* RI(W)* RI(W)* R/(W)* R/I(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 IRQ7 to IRQO interrupt
requests.

ISRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7 to 0—IRQ7 to IRQO Flags (IRQ7F to IRQOF): These bitsindicate the status of IRQ7 to
IRQO interrupt requests.
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Bit n
IRQNF  Description

0 [Clearing conditions] (Initial value)
« Cleared by reading IRQnF when set to 1, then writing 0 in IRQnF
« 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 (IRQnNSCB =1 or IRQNSCA = 1)*

1 [Setting conditions]

* When IRQn input goes low when low-level detection is set (IRQnSCB = IRQnSCA =
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=7100)

Note. * When a product, in which a DTC is incorporated, is used in the following settings, the
corresponding flag bit is not automatically cleared even when exception handling, which is a
clear condition, is executed and the bit is held at 1.

1) When DTCEAS is set to 1 (ADI is set to an interrupt source), IRQ4F flag is not
automatically cleared.

2) When DTCEA2 is set to 1 (ICIA is set to an interrupt source), IRQ5F flag is not
automatically cleared.

3) When DTCEAL1 is set to 1 (ICIB is set to an interrupt source), IRQ6F flag is not
automatically cleared.

4) When DTCEAQO is set to 1 (OCIA is set to an interrupt source), IRQ7F flag is not
automatically cleared.
When activation interrupt sources of DTC and IRQ interrupts are used with the above
combinations, clear the interrupt flag by software in the interrupt handling routine of the
corresponding IRQ.

5.2.6 Keyboard Matrix Interrupt Mask Register (KMIMR)

Bit 7 6 5 4 3 2 1 0
KMIMR7 | KMIMR6| KMIMR5 | KMIMR4 | KMIMR3 | KMIMR2 | KMIMR1 | KMIMRO
Initial value 1 0 1 1 1 1 1 1

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

KMIMR is an 8-bit readable/writable register that performs mask control for the keyboard matrix
interrupt inputs (pins KIN7 to KINO) and IRQ6 pin. To enable key-sense input interrupts from
multiple pin inputs in keyboard matrix scanning/sensing, clear the corresponding mask bitsto O.
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KMIMR isinitialized to H'BF by areset and in hardware standby mode, and only IRQ6 (KIN6)
input is enabled.

Bits 7 to 0—Keyboard Matrix Interrupt Mask (KMIMR7 to KMIMRO): These bits control
key-sense input interrupt requests (KIN7 to KINO).

Bits 7to 0

KMIMRY to
KMIMRO  Description

0 Key-sense input interrupt requests enabled

1 Key-sense input interrupt requests disabled (Initial value)*

Note: * However, the initial value of KMIMRG is 0 because the KMIMRG6 bit controls both IRQ6
interrupt request masking and key-sense input enabling.

Figure 5.2 shows the relationship between interrupts IRQ6, interrupts KIN7 to KINO, and registers
KMIMR.

KMIMRO (initial value 1)

P60/KINO

KMIMRS (initial value 1) TaT .
P65/KINE IRQ6 internal signal

§ Edge/level
KMIMRG (initial value 0) selection | IRQ6
P66/KIN6/IRQ6 enable/disable interrupt

circuit

KMIMR?Y (initial value 1) IRQ6E
P67/KIN7/IRQ7 IRQ6SC

Figure5.2 Relationship between InterruptsIRQ6, Interrupts KIN7 to KINO,
and RegistersKMIMR

When pins KIN7 to KINO are used as key-sense interrupt input pins, either low-level sensing or
falling-edge sensing must be designated as the interrupt sense condition for the corresponding
interrupt source (IRQ6).
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5.2.7 Address Break Control Register (ABRKCR)

Bit 7 6 5 4 3 2 1 0
CMF — — — — — — BIE

Initial value 0 0 0 0 0 0 0 0

Read/Write R — — — — — — R/W

ABRKCR is an 8-hit readable/writable register that performs address break control.

ABRKCR sinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Condition Match Flag (CMF): Thisisthe address break source flag, used to indicate that
the address set by BAR has been prefetched. When the CMF flag and BIE flag are both set to 1, an
address break is requested.

Bit 7
CMF Description

0 [Clearing condition]
When address break interrupt exception handling is executed (Initial value)
1 [Setting condition]

When address set by BARA to BARC is prefetched while BIE = 1

Bits 6 to 1—Reserved: These bits cannot be modified and are always read as 0.

Bit 0—Break Interrupt Enable (BIE): Selects address break enabling or disabling.

Bit 0

BIE Description

0 Address break disabled (Initial value)
1 Address break enabled
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528 Break Address Registers A, B, C (BARA, BARB, BARC)

Bit 7 6 5 4 3 2 1 0
BARA A23 A22 A21 A20 A19 A18 Al17 Al16
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
Bit 7 6 5 4 3 2 1 0
BARB Al15 Al4 A13 Al12 All A10 A9 A8
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
Bit 7 6 5 4 3 2 1 0
BARC A7 A6 A5 A4 A3 A2 Al —
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 —

BAR consists of three 8-bit readable/writable registers (BARA, BARB, and BARC), and is used to
specify the address at which an address break is to be executed.

Each of the BAR registersisinitialized to H'00 by areset and in hardware standby mode. They are
not initialized in software standby mode.

BARA Bits 7 to 0—Address 23 to 16 (A23 to A16)
BARB Bits 7to 0—Address 15to 8 (A15to A8)
BARC Bits7to 1—Address7to 1 (A7 to Al)

These bits specify the address at which an address break is to be executed. BAR bits A15to Al
are compared with internal address buslines A15to A1, respectively.

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

In norma mode, no comparison is made with address lines A23 to A16.

BARC Bit 0—Reserved: This bit cannot be modified and is always read as 0.
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts.

531 External Interrupts

There are nine external interrupt sources from 17 input pins (15 actual pins): NMI, IRQ7 to IRQO,
and KIN7 to KINO. KIN7 to KINO share the IRQ6 interrupt source. Of these, NMI, IRQ7, IRQS,
and IRQ2 to IRQO can be used to restore the H8S/2138 Series or H8S/2134 Series chip from
software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode and the status of the CPU interrupt mask bits. The
NMIEG hit in SY SCR can be used to select whether an interrupt is requested at arising edge or a
falling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ7to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pinsIRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

e Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with |ER.

e Theinterrupt control level can be set with ICR.

¢ The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.3.

IRQNE

IRQNSCA, IRQNSCB
# IRQNF

IRQn interrupt
D Edge/level }
detection circuit S Q request

IRQn input r R

Clear signal

Note: n:7to 0

Figure5.3 Block Diagram of InterruptsRQ7 to IRQO
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Figure 5.4 shows the timing of IRQNF setting.

IRQN
input pin

IRQNF |

Figure5.4 Timing of IRQNF Setting
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. Therefore, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR bit to 0 and use the pin as an /O pin for another function. When the IRQ6 pin
isassigned as the IRQ6 interrupt input pin, then set the KMIMRG hit to O.

As interrupt request flags IRQ7F to IRQOF are set when the setting condition is met, regardless of
the |ER setting, only the necessary flags should be referenced.

Interrupts KIN7 to KINO: Interrupts KIN7 to KINO are requested by input signals at pins KIN7
to KINO. When any of pins KIN7 to KINO are used as key-sense inputs, the corresponding

KMIMR bits should be cleared to 0 to enable those key-sense input interrupts. The remaining
unused key-sense input KMIMR bits should be set to 1 to disable those interrupts. Interrupts KIN7
to KINO correspond to the IRQ6 interrupt. Interrupt request generation pin conditions, interrupt
reguest enabling, interrupt control level setting, and interrupt request status indications, are al in
accordance with the IRQ6 interrupt settings.

When pins KIN7 to KINO are used as key-sense interrupt input pins, either low-level sensing or
falling-edge sensing must be designated as the interrupt sense condition for the corresponding
interrupt source (IRQ6).

532 Internal Interrupts

There are 38 sources for internal interrupts from on-chip supporting modules, plus one software
interrupt source (address break).

« For each on-chip supporting modul e there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If any one of theseis set to
1, aninterrupt request isissued to the interrupt controller.
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¢ Theinterrupt control level can be set by means of ICR.

e TheDTC can be activated by an FRT, TMR, SCI, or other interrupt request. When the DTC is
activated by an interrupt, the interrupt control mode and interrupt mask bits have no effect.

533 Interrupt Exception 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 ICR. The situation when two or more modules
are set to the same priority, and priorities within amodule, are fixed as shown in table 5.4.
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Table5.4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector Address

Origin of
Interrupt Vector Normal Advanced
Interrupt Source Source Number Mode Mode ICR Priority
NMI External 7 H'000E  H'00001C High
IRQO pin 16 H'0020 H'000040 ICRA7 A
IRQ1 17 H'0022  H'000044 ICRA6
IRQ2 18 H'0024  H'000048 ICRA5
IRQ3 19 H'0026  H'00004C
IRQ4 20 H'0028  H'000050 ICRA4
IRQ5 21 H'002A  H'000054
IRQ6, KIN7 to KINO 22 H'002C  H'000058 ICRA3
IRQ7 23 H'002E  H'00005C
SWDTEND (software DTC 24 H'0030  H'000060 ICRA2
activation interrupt end)
WOVIO (interval timer) Watchdog 25 H'0032 H'000064 ICRAL
timer O
WOVI1 (interval timer) Watchdog 26 H'0034  H'000068 ICRAO
timer 1
Address break (PC break) — 27 H'0036  H'00006C
ADI (A/D conversion end) A/D 28 H'0038  H'000070 ICRB7
Reserved — 29 H'0O03A  H'000074
to to to
47 H'O0O5E  H'0000BC
ICIA (input capture A) Free-running 48 H'0060 H'0000CO ICRB6
ICIB (input capture B) timer 49 H'0062  H'0000C4
ICIC (input capture C) 50 H'0064  H'0000C8
ICID (input capture D) 51 H'0066  H'0000CC
OCIA (output compare A) 52 H'0068  H'0000DO
OCIB (output compare B) 53 H'006A  H'0000D4
FOVI (overflow) 54 H'006C  H'0000D8
Reserved 55 H'0O06E  H'0000DC
Reserved — 56 H'0070  H'O000EO
to to to
63 H'0O07E  H'0000FC Low
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Vector Address

Origin of

Interrupt Vector Normal Advanced
Interrupt Source Source Number Mode Mode ICR Priority
CMIAOQ (compare-match A) 8-bit timer 64 H'0080 H'000100 ICRB3 High
CMIBO (compare-match B) channel 0 65 H'0082 H'000104 A
OVIO (overflow) 66 H'0084 H'000108
Reserved 67 H'0086 H'00010C
CMIA1 (compare-match A) 8-bit timer 68 H'0088 H'000110 ICRB2
CMIB1 (compare-match B) channel 1 69 H'0O08A H'000114
OVI1 (overflow) 70 H'008C H'000118
Reserved 71 H'008E H'00011C
CMIAY (compare-match A) 8-bit timer 72 H'0090 H'000120 ICRB1
CMIBY (compare-match B) channels 73 H'0092 H'000124
OVIY (overflow) Y, X 74 H'0094 H'000128
ICIX (input capture X) 75 H'0096 H'00012C
IBF1 (IDR1 reception completed) Host interface 76 H'0098 H'000130 ICRBO
IBF2 (IDR2 reception completed) 77 H'009A H'000134
Reserved 78 H'009C H'000138
Reserved 79 H'009E H'00013C
ERIO (receive error 0) SCI 80 H'00A0 H'000140 ICRC7
RXIO0 (reception completed 0) channel O 81 H'00A2 H'000144
TXIO (transmit data empty 0) 82 H'00A4 H'000148
TEIO (transmission end 0) 83 H'00A6 H'00014C
ERI1 (receive error 1) SClI 84 H'00A8 H'000150 ICRC6
RXI1 (reception completed 1) channel 1 85 H'00AA H'000154
TXI1 (transmit data empty 1) 86 H'00AC H'000158
TEI1 (transmission end 1) 87 H'00AE H'00015C
ERI2 (receive error 2) SCI 88 H'00BO H'000160 ICRC5
RXI2 (reception completed 2) channel 2 89 H'00B2 H'000164
TXI2 (transmit data empty 2) 20 H'00B4 H'000168
TEI2 (transmission end 2) 91 H'00B6 H'00016C
1ICIO (1-byte transmission/ IIC channel 0 92 H'00B8 H'000170 ICRC4
reception completed) (option)
DDCSWI (format switch) 93 H'00BA H'000174
IICI1 (1-byte transmission/ IIC channel 1 94 H'00BC H'000178 ICRC3
reception completed) (option)
Reserved 95 H'00BE H'00017C
Reserved — 96 H'00CO H'000180

to to to
103 H'00CE H'00019C Low
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54 Address Breaks

54.1 Features

With the H8S/2138 Series and H85/2134 Series, it is possible to identify the prefetch of a specific
address by the CPU and generate an address break interrupt, using the ABRKCR and BAR
registers. When an address break interrupt is generated, address break interrupt exception handling
is executed.

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

54.2 Block Diagram

A block diagram of the address break function is shown in figure 5.5.

BAR ABRKCR

Match

Comparator signal Control loai Address break
omparato > “ontrotiogic interrupt request

]

Internal address

Prefetch signal
(internal signal)

Figure5.5 Block Diagram of Address Break Function
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54.3 Operation

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

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

1. Setthebreak addressin bits A23to Alin BAR.

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

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

544 Usage Notes

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

2. Innorma mode, no comparison is made with address lines A23 to A16.

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

4. Asan address break interrupt is generated by a combination of the internal prefetch signal and
address, the timing of the start of interrupt exception handling depends on the content and
execution cycle of the instruction at the set address and the preceding instruction. Figure 5.6
shows some address timing examples.
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« Program area in on-chip memory, 1-state execution instruction at specified break address

Instruction Instruction Instruction Instruction Instruction Internal Vector  Internal Instruction
fetch . fetch . fetch . fetch . fetch . operation. Stack save . fetch . operation. fetch
i i i i i

| |
e e e e . S Iy
0 T T T T T T T T T 1

‘
SO I e e s A o O
Address bus X H'0310X H'0312X H‘0314X H‘0316X H'0318 X SP-2 X SP-4 X H'0036 X

hY hY A

NOP NOP NOP Interrupt exception handling
execution execution execution

Break request
signal

H'0310 NOP

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

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

Instruction Instruction Instruction Instruction Instruction Internal Vector Internal  Instruction
, fetch , fetch ., fetch . fetch , fetch , operation Stack save , fetch , operation, fetch
. .

Address bus X H'0310X H'0312X H‘0314>< H'0316 X H'0318 X SP-2 X SP-4 X H'0036 X

.\ — - -
NOP MOV.W Interrupt exception handling
execution execution
Break request
signal
H'0310 NOP
H'0312 MOV.W #xx:16,Rd -+—— Breakpoint MOV instruction is executed at breakpoint address H'0312,
H'0316 NOP NOP instruction at next address, H'0316, is not executed;
H'0318 NOP fetch from address H'0316 starts after end of exception handling.

Program area in external memory (2-state access, 16-bit-bus access),
1-state execution instruction at specified break address

Instruction Instruction Instruction Internal Vector Internal
fetch . fetch . fetch . operation . Stack save . fetch . operation
i i i i i

LSS e e s I I
Address bus X H'0310 X H'0312 X H'0314 X SP-2 X SP-4 X H'0036 X

P, W -
NOP Interrupt exception handling
execution
Break request |
signal
H'0310 NOP
H'0312 NOP ~+—— Breakpoint NOP instruction at breakpoint address H'0312 is not executed;
H'0314 NOP fetch from address H'0312 starts after end of exception handling.
H'0316 NOP

Figure5.6 Examplesof AddressBreak Timing
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5.5 Interrupt Operation

551 Interrupt Control Modes and Interrupt Operation

Interrupt operations in the H8S5/2138 Series and H85/2134 Series differ depending on the interrupt
control mode.

NMI and address break interrupts are accepted at all times except in the reset state and the
hardware standby state. In 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.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in ICR, and the masking state indicated
by the | and Ul bitsin the CPU’s CCR.

Table5.5 Interrupt Control Modes

SYSCR

Interrupt Priority Setting Interrupt

Control Mode INTM1 INTMO Register Mask Bits Description

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

1 1 ICR I, Ul 3-level interrupt mask control
is performed by the | and Ul
bits
Priority can be set with ICR
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Figure 5.7 shows a block diagram of the priority decision circuit.

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

Interrupt control modes
Oand 1

Figure5.7 Block Diagram of Interrupt Control Operation

Interrupt Acceptance Control and 3-Level Control: Ininterrupt control modes 0 and 1,

interrupt acceptance control and 3-level mask control is performed by means of the | and Ul bitsin

CCR, and ICR (control level).
Table 5.6 shows the interrupts selected in each interrupt control mode.
Table5.6 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode | ul Selected Interrupts
0 0 * All interrupts (control level 1 has priority)
1 * NMI and address break interrupts
1 0 * All interrupts (control level 1 has priority)
1 0 NMI, address break and control level 1
interrupts
1 NMI and address break interrupts
Legend:

*: Don’t care

RENESAS
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Default Priority Determination: The priority is determined for the selected interrupt, and a

vector number is generated.

If the same value is set for ICR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default prioritiesis selected and

has a vector number generated.

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

Table 5.7 shows operations and control signal functionsin each interrupt control mode.

Table5.7 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance Control

Interrupt Setting 3-Level Control Default Priority

Control Mode INTM1 INTMO | Ul ICR Determination T (Trace)
0 0 0 (0] IM — PR (0] —

1 1 (0] IM IM PR (0] —
Legend:

O: Interrupt operation control performed
IM: Used as interrupt mask bit
PR: Sets priority

—: Not used
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55.2 Inter rupt Control Mode 0

Enabling and disabling of IRQ interrupts and on-chip supporting modul e interrupts can be set by
means of the | bit in the CPU’s CCR, and ICR. Interrupts are enabled when the | bit is cleared to O,
and disabled when set to 1. Control level 1 interrupt sources have higher priority.

Figure 5.8 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 interrupt
request is sent to the interrupt controller.

When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level setin ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

Thel bit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the |
bit is set to 1, only NMI and address break interrupts are accepted, and other interrupt requests
are held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

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

Next, thel bitin CCRisset to 1. Thisdisables all interrupts except NMI and address break
interrupts.

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

| Program execution state |

.

Interrupt generated?

ending

1

o>
o>

Yes
'

No

1=0?

Yes

|
| Save PC and CCR |

1

| |

1

| Read vector address

|Branch to interrupt handling routine|

Figure5.8 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode O
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553 Interrupt Control Mode 1

Three-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by means of the | and Ul bitsin the CPU’s CCR, and ICR.

e Control level O interrupt requests are enabled when the | bit is cleared to 0, and disabled when
setto 1.

e Control level 1interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

For example, if the interrupt enable bit for an interrupt request is set to 1, and H'20, H'00, and H'00
areset in ICRA, ICRB, and ICRC, respectively, (i.e. IRQ2 and IRQ3 interrupts are set to control
level 1 and other interrupts to control level 0), the situation is as follows:

« Whenl =0, al interrupts are enabled

(Priority order: NMI > IRQ2 > IRQ3 > address break > IRQ0 > IRQ1 ...)
* Whenl =1and Ul =0, only NMI, IRQ2, IRQ3, and address break interrupts are enabled
* Whenl =1and Ul =1, only NMI and address break interrupts are enabled

Figure 5.9 shows the state transitions in these cases.

- -0 Only NMI, IRQ2, IRQ3,

All interrupts enabled 1<1,Ul—0 and address break interrupts
enabled

ul
Exception handling execuk Aeptlon handllng execution
orl<1, Ul or Ul —

Only NMI and address
break interrupts enabled

Figure5.9 Exampleof State Transitionsin Interrupt Control Mode 1
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Figure 5.10 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 interrupt
reguest is sent to the interrupt controller.

When interrupt requests are sent to the interrupt controller, acontrol level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

Thel bit isthen referenced. If the | bit is cleared to O, the Ul bit has no effect.

An interrupt request set to interrupt control level 0 is accepted when the | bitiscleared to O. If
thel bit isset to 1, only NMI and address break interrupts are accepted, and other interrupt
requests are held pending.

An interrupt request set to interrupt control level 1 has priority over an interrupt request set to
interrupt control level 0, and is accepted if the | bitiscleared to O, or if the | bitissetto 1 and
the Ul bit iscleared to 0.

When both the | bit and the Ul bit are set to 1, only NMI and address break interrupts are
accepted, and other interrupt requests are held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

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

Next, the | and Ul bitsin CCR are set to 1. Thisdisables all interrupts except NMI and address
break.

A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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Y

| Program execution state |

o

Interrupt generated?

Hold pending

A

Control level 1
interrupt?
Yes

v

| Save PC and CCR |

Y

| LU <1 |

Y

| Read vector address |

|Branch to interrupt handling routine|

Figure5.10 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 1
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554 Interrupt Exception Handling Sequence

Figure 5.11 shows the interrupt exception handling sequence. The example shown isfor the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.11 Interrupt Exception Handling
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555 Interrupt Response Times

The H85/2138 Series and H8S/2134 Series are capable of fast word access to on-chip memory,
and high-speed processing can be achieved by providing the program areain on-chip ROM and
the stack areain on-chip RAM.

Table 5.8 shows interrupt response times—the interval between generation of an interrupt request
and execution of thefirst instruction in the interrupt handling routine. The symbols used in table
5.8 areexplained in table 5.9.

Table5.8 Interrupt Response Times

Number of States

No. Item Normal Mode Advanced Mode

1 Interrupt priority determination** 3 3

2 Number of wait states until executing 1to (19+2-S) 1t0 19+(2-S)
instruction ends*?

3 PC, CCR stack save ESH 2:.S,

4 Vector fetch S 2:S,

5 Instruction fetch*? 2:S, 2:S,

6 Internal processing** 2 2

Total (using on-chip memory) 11t0 31 12 to 32

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.

Table5.9 Number of Statesin Interrupt Handling Routine Execution

Object of Access

External Device

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

m: Number of wait states in an external device access
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5.6 Usage Notes

56.1 Contention between Interrupt Generation and Disabling

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

In other words, when an interrupt enable bit is cleared to 0 by an instruction such asBCLR or
MOV, if aninterrupt 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 O.

Figure 5.12 shows an example in which the CMIEA bit in 8-bit timer register TCR is cleared to 0.

TCR write cycle by CPU CMIA exception handling

-—————————————————————————— p~—————————————————————————————————
I I

Internal

address bus TCR address ><

Internal
write signal

CMIEA

CMFA

CMIA
interrupt signal

X

Figure5.12 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.
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56.2 Instructionsthat Disable Interrupts

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

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

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

With the EEPMOV.W ingtruction, 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
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5.7 DTC Activation by Interrupt

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

e Interrupt request to CPU
e Activationrequestto DTC
« Both of the above

For details of interrupt requests that can be used to activate the DTC, see section 7, Data Transfer
Controller.

5.7.2 Block Diagram

Figure 5.13 shows ablock diagram of the DTC and interrupt controller.

DTC activation

s request vector
request Selection [ number
_| circuit
IRQ >
interrupt ﬂ S‘elecr
signal .
g Clear signal Control logic bTC
| Interrupt source DTCER .
On-chip | ¢lear signal Clear signal
supporting —
module 4L
DTVECR
clear signal CPU interrupt
request vector
inati number
Determlngtlon of cPU
priority
Interrupt controller LUl

Figure5.13 Interrupt Control for DTC
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573 Operation
Theinterrupt controller has three main functionsin DTC control.

Selection of Interrupt Source: It is possibleto select DTC activation request or CPU interrupt
request with the DTCE bit of DTCERA to DTCERE inthe DTC.

After aDTC datatransfer, the DTCE bit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit of MRB inthe DTC.

When the DTC performs the specified number of data transfers and the transfer counter reaches O,
following the DTC data transfer the DTCE bit is cleared to 0 and an interrupt request is sent to the
CPU.

Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. See section 7.3.3, DTC Vector Table,
for the respective priorities.

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

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

Table5.10 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

Usage Note: SCI, 1IC, and A/D converter interrupt sources are cleared when the DTC reads or
writes to the prescribed register, and are not dependent upon the DISEL hit.
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Section 6 Bus Controller

6.1 Overview

The H85/2138 Series and H85/2134 Series have a built-in bus controller (BSC) that allows
external address space bus specifications, such as bus width and number of access states, to be set.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU and data transfer controller (DTC).

6.1.1 Features
The features of the bus controller are listed below.

* Basic businterface
0 2-state access or 3-state access can be selected
0 Program wait states can be inserted

¢ Burst ROM interface
O External space can be designated as ROM interface space
0 1-state or 2-state burst access can be selected

¢ ldlecycleinsertion

O Anidlecycle can be inserted when an external write cycle immediately follows an external
read cycle

« Busarbitration function
O Includes abus arbiter that arbitrates bus mastership between the CPU and DTC
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

External bus control signals Internal
Bus controller control signals
— Bus mode signal
‘ ‘ WSCR |
BCR
Internal
_ data bus
WAIT > Wait controller
l«—— CPU bus request signal
l«—— DTC bus request signal
Bus arbiter

= CPU bus acknowledge signal
—» DTC bus acknowledge signal

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration
Table 6.1 summarizes the pins of the bus controller.

Table6.1 BusController Pins

Name Symbol 1/0 Function

Address strobe AS Output Strobe signal indicating that address output on
address bus is enabled (when IOSE bit is 0)

I/O select [} Output I/O select signal (when IOSE bit is 1)

Read RD Output Strobe signal indicating that external space is
being read

Write WR Output Strobe signal indicating that external space is
being written to, and that data bus is enabled

Wait WAIT Input Wait request signal when external 3-state access

space is accessed

6.1.4 Register Configuration
Table 6.2 summarizes the registers of the bus controller.

Table6.2 BusController Registers

Name Abbreviation R/W Initial Value Address*
Bus control register BCR R/W H'D7 H'FFC6
Wait state control register WSCR R/W H'33 H'FFC7
Note: * Lower 16 bits of the address.
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6.2 Register Descriptions

6.2.1 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO0 — I0S1 10S0
Initial value 1 1 0 1 0 1 1 1

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

BCR is an 8-hit readable/writable register that specifies the external memory space access mode,
and the extent of the 1/O area when the |/O strobe function has been selected for the AS pin.

BCRisinitialized to H'D7 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Ildle Cyclelnsert 1 (1CIS1): Reserved. Do not write O to this bit.

Bit 6—Idle Cyclelnsert O (ICIS0): Selectswhether or not a one-state idle cycle isto 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 external space is designated as a burst
ROM interface space. The selection applies to the entire external space .

Bit5
BRSTRM Description

0 Basic bus interface (Initial value)

1 Burst ROM interface

Bit 4—Burst Cycle Select 1 (BRSTS1): Selects the number of burst cycles for the burst ROM
interface.
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Bit 4
BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRST S0): 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

Bit 2—Reserved: Do not write O to this bit.

Bits1 and 0—IOS Select 1 and 0 (10S1, |0S0): Seetable 6.4.

6.2.2 Wait State Control Register (WSCR)

Bit 7 6 5 4 3 2 1 0
RAMS RAMO ABW AST WMS1 | WMSO0 WC1 WCO0
Initial value 0 0 1 1 0 0 1 1

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

WSCR is an 8-hit readable/writable register that specifies the data bus width, number of access
states, wait mode, and number of wait states for external memory space. The on-chip memory and
internal 1/O register bus width and number of access states are fixed, irrespective of the WSCR
settings.

WSCRisinitialized to H'33 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—RAM Select (RAM S)/Bit 6—RAM Area Setting (RAMO): These are reserved hits.
Always write 0 when writing to these bitsin the A-mask version.

Bit 5—BusWidth Control (ABW): Specifies whether the external memory space is 8-bit access
space or 16-hit access space.

However, a 16-bit access space cannot be specified for these series, and therefore 0 should not be
written to this bit.
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Bit 5

ABW Description

0 External memory space is designated as 16-bit access space (A 16-bit access space
cannot be specified for these series)

1 External memory space is designated as 8-bit access space (Initial value)

Bit 4—Access State Control (AST): Specifies whether the external memory space is 2-state
access space or 3-state access space, and simultaneously enables or disables wait state insertion.

Bit 4
AST Description
0 External memory space is designated as 2-state access space
Wait state insertion in external memory space accesses is disabled
1 External memory space is designated as 3-state access space (Initial value)

Wait state insertion in external memory space accesses is enabled

Bits 3 and 2—Wait Mode Select 1 and 0 (WM S1, WM S0): These bits select the wait mode
when external memory space is accessed while the AST bit is set to 1.

Bit 3 Bit 2

WMS1 WMSO0 Description

0 0 Program wait mode (Initial value)
1 Wait-disabled mode

1 0 Pin wait mode
1 Pin auto-wait mode

Bits 1 and 0—Wait Count 1 and 0 (WC1, WCO0): These bits select the number of program wait
states when external memory space is accessed while the AST bit isset to 1.

Bit 1 Bit 0
WC1 WCO0 Description
0 0 No program wait states are inserted
1 1 program wait state is inserted in external memory space accesses
1 0 2 program wait states are inserted in external memory space accesses
1 3 program wait states are inserted in external memory space accesses
(Initial value)
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6.3 Overview of Bus Control

6.3.1 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access
states, and wait mode and number of program wait states.

The bus width and number of access states for on-chip memory and internal 1/0 registers are
fixed, and are not affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with the ABW bit. A 16-bit access space
cannot be specified for these series.

Number of Access States: Two or three access states can be selected with the AST bit.

When 2-state access space is designated, wait insertion is disabled. The number of access states on
the burst ROM interface is determined without regard to the AST bit setting.

Wait Mode and Number of Program Wait States: When 3-state access space is designated by
the AST bit, the wait mode and the number of program wait statesto be inserted automaticaly is
selected with WM S1, WM S0, WC1, and WCO. From 0 to 3 program wait states can be selected.

Table 6.3 shows the bus specifications for each basic bus interface area.
Table6.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

Bus Specifications (Basic Bus Interface)

Access Program
ABW  AST WMS1 WMSO WC1 WCO Bus Width States Wait States
0 0 — — — — Cannot be used in the H8S/2138 Series or
H8S/2134 Series.
1 0 — — — — 8 2 0
0 1 — — 8 3 0
—* —* 0 0 3 0
1 1
1 0 2
1 3
Note: * Except when WMS1 = 0 and WMS0 = 1
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6.3.2 Advanced Mode

The H85/2138 and H8S/2134 have 16 address output pins, so there are no pins for output of the
upper address bits (A16 to A23) in advanced mode. H'FFFO00 to H'FFFE4F (H'FFFO00 to
H'FFF7FF in the H8S/2138 F-ZTAT A mask version) can be accessed by designating the AS pin
as an |/O strobe pin. The accessible external space is therefore H'FFF000 to H'FFFE4F (H'FFFO00
to H'FFF7FF in the H8S/2138 F-ZTAT A mask version) even when expanded mode with ROM
enabled is selected in advanced mode.

Theinitia state of the external spaceis basic bus interface, three-state access space. In ROM-
enabled expanded mode, the space excluding the on-chip ROM, on-chip RAM, and internal 1/0
registersis external space. The on-chip RAM is enabled when the RAME bit in the system control
register (SY SCR) 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.

6.3.3 Normal Mode

Theinitia state of the external memory space is basic bus interface, three-state access space. In
ROM -disabled expanded mode, the space excluding the on-chip RAM and internal 1/O registersis
external space. In ROM-enabled expanded mode, the space excluding the on-chip ROM, on-chip
RAM, and internal /O registersis external space. The on-chip RAM is enabled when the RAME
bit in the system control register (SY SCR) is set to 1; when the RAME hit is cleared to O, the on-
chip RAM is disabled and the corresponding space becomes external space.
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6.3.4 I/0 Select Signal

In the H85/2138 Series and H85/2134 Series, an /0 select signal (IOS) can be output, with the
signal output going low when the designated external spaceis accessed.

Figure 6.2 shows an example of 10S signal output timing.

! Bus cycle :
: T T2 T3 i
@
Address bus >< External address in I0S set range A

. a

Figure6.2 IOS Signal Output Timing

Enabling or disabling of IOS signal output is controlled by the setting of the IOSE bit in SY SCR.
In expanded mode, this pin operates as the AS output pin after areset, and therefore the |OSE bit
in SY SCR must be set to 1 in order to use this pin as the IOS signal output. See section 8, 1/0
Ports, for details.

The range of addresses for which the TOS signal is output can be set with bits |0S1 and 10S0 in
BCR. TheIOS signal address ranges are shown in table 6.4.

Table6.4 TOS Signal Output Range Settings

I0S1 10S0 10S Signal Output Range
0 0 H'(FF)F000 to H'(FF)FO3F
1 H'(FF)F000 to H'(FF)FOFF
1 0 H'(FF)F000 to H'(FF)F3FF
1 H'(FF)F000 to H'(FF)FE4F* (Initial value)
Note: * In the H8S/2138 F-ZTAT A-mask version, the address range is from H'(FF)F000 to
H'(FF)F7FF.
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6.4 Basic Bus I nterface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with the AST bit, and the WMS1, WM S0, WC1, and WCO
bits (see table 6.3).

6.4.2 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 the
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-hit access space or 16-bit access space) and the data
size.

These series only have an upper data bus, and only 8-hit access space alignment is used. In these
series, the upper data bus pins are designated D7 to DO.

8-Bit Access Space: Figure 6.3 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 amount of
data that can be accessed at onetimeis one byte: aword access is performed as two byte accesses,
and alongword access, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte SIZe | T T T T T T T |

Word i 1st bus cycle | : : : : : : :
ord size C2ndbuscycle [ L ]

[ 1st bus cycle
2nd bus cycle
3rd bus cycle

| 4th bus cycle

Longword size

Figure 6.3 Access Sizesand Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space (Cannot be Used in the H8S/2138 Series or H8S/2134 Series): Figure 6.4

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 word, and alongword access is executed

as two word accesses.

In byte access, whether the upper or lower databusis used is determined by whether the addressis

even or odd. The upper data busis used for an even address, and the lower data bus for an odd

address.

Upper data bus

D15 D8, D7

Lower data bus

DO,

Byte size e+ Even address [

Byte size » Odd address

Word size |“““‘

Longword 1st bus cycle
Size 2nd bus cycle

Figure6.4 Access Sizesand Data Alignment Control (16-Bit Access Space)

6.4.3 Valid Strobes

Table 6.5 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the

data bus.

In awrite, the HWR signa isvalid for the upper half of the data bus, and the LWR signal for the

lower half.

These series only have an upper data bus, and only the RD and HWR signals are valid. In these

series, the HWR signal pin is designated WR.
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Table6.5 DataBusesUsed 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 space Byte Read — RD Valid Port, etc.
Write — HWR* Port, etc.
16-bit access space Byte Read Even RD Valid Invalid
(Cannot be used in Odd Invalid Valid
the H85/2138 Series Write  Even HWR Valid Undefined
or H8S/2134 Series)
Odd LWR Undefined Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: Undefined: Undefined data is output.
Invalid: Input state; input value is ignored.
Port, etc.: Pins are used as port or on-chip supporting module input/output pins, and not as
data bus pins.
1. The pin names in these series are D7 to DO.
2. The pin name in these series is WR.
3. There are no lower data bus pins in these series.

6.4.4 Basic Timing

8-Bit 2-State Access Space: Figure 6.5 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 busis used.

Wait states cannot be inserted.

These series have no lower data bus (D7 to DO) pinsor LWR pin. In these series, the upper data
bus (D15 to D8) pins are designated D7 to DO, and the HWR signal pin is designated WR.
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Figure6.5 BusTimingfor 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 6.6 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 busis used.

Wait states can be inserted.

These series have no lower data bus (D7 to DO) pinsor LWR pin. In these series, the upper data
bus (D15 to D8) pins are designated D7 to DO, and the HWR signal pin is designated WR.

- Bus cycle

Y

Read < D15to D8

D7 to DO Invalid |
AWR
Write !
D15 to D8 ——< 3 Valid >7
Figure6.6 BusTimingfor 8-Bit 3-State Access Space
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6.4.5 Wait Control

When accessing external space, the MCU can extend the bus cycle by inserting one or more wait
states (T,,). There are three ways of inserting wait states: program wait insertion, pin wait insertion
using the WAIT pin, and a combination of the two.

Program Wait Mode

In program wait mode, the number of T,, states specified by bits WC1 and WCO are always
inserted between the T, and T states when external space is accessed.

Pin Wait Mode

In pin wait mode, the number of T,, states specified by bits WC1 and WCO are always inserted
between the T, and T, states when external spaceis accessed. If the WAIT pinislow at thefall of
ginthelast T, or T,, state, another T,, state isinserted. If the WAIT pinisheld low, T,, states are
inserted until it goes high.

Pin wait mode is useful for inserting four or more wait states, or for changing the number of T,
states for different external devices.

Pin Auto-Wait M ode

In pin auto-wait mode, if the WAIT pinislow at the fall of the system clock in the T, state, the
number of T, states specified by bits WC1 and WCO are inserted between the T, and T, states
when external spaceis accessed. No additional T, states are inserted even if the WAIT pin
remains low. Pin auto-wait mode can be used for an easy interface to low-speed memory, simply
by routing the chip select signal to the WAIT pin.

Figure 6.7 shows an example of wait state insertion timing.
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By program wait By WAIT pin

T T Tw Tw Tw T3
[ -l -t -t - - - i
=
| |
WAIT
Address bus :>< ><i
AS (IOSE = 0)
- B
Read
Data bus { Read data >—
WR
Write
Data bus 4< Write data >‘

Note: l indicates the timing of WAIT pin sampling using the g clock.

Figure6.7 Example of Wait State Insertion Timing

The settings after areset are; 3-state access, insertion of 3 program wait states, and WAIT input
disabled.
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6.5 Burst ROM Interface

6.5.1 Overview

With the H8S/2138 Series and H85/2134 Series, externa space area 0 can be designated as burst
ROM space, and burst ROM interfacing can be performed.

External space can be designated as burst ROM space by means of the BRSTRM bit in BCR.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

6.5.2 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface isin accordance
with the setting of the AST bit. Also, when the AST bit is set to 1, wait state insertion is possible.
One or two states can be selected for the burst cycle, according to the setting of the BRSTSL bit in
BCR. Wait states cannot be inserted.

When the BRSTSO0 bit in BCR is cleared to 0, burst access of up to 4 wordsis performed; when
the BRSTSO bit is set to 1, burst access of up to 8 wordsis performed.

The basic access timing for burst ROM spaceis shown in figure 6.8 (a) and (b). The timing shown
in figure 6.8 (a) isfor the case where the AST and BRSTS1 bits are both set to 1, and that in figure
6.8 (b) isfor the case where both these bits are cleared to 0.

Full access Burst access
T, | T, | T3 T, | T, T, | T,
- = e - - = e >
[}
\/
Address bus >< Only lower ad/d\ress changed

AS/I0S (IOSE = 0)

RD

Data bus —< Read data >—< Read data >—< Read data >‘

Figure6.8 (a) Exampleof Burst ROM Access Timing (When AST =BRSTS1=1)
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Full access Burst access

: ( \/ } :
Address bus ><Only lower address changed
/\

AS/10S (I0SE = 0)

Data bus 4< Read data ><Read data><Read data>i

Figure6.8 (b) Exampleof Burst ROM Access Timing (When AST = BRSTS1 =0)

6.5.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 6.4.5, Wait
Control.

Wait states cannot be inserted in aburst cycle.
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6.6 Idle Cycle

6.6.1 Operation

When the H8S/2138 Series or H8S/2134 Series chip accesses external space, it can insert a 1-state
idle cycle (T,) between bus cycles when awrite cycle occursimmediately after aread cycle. By
inserting anidle cycleit is possible, for example, to avoid data collisions between ROM, with a
long output floating time, and high-speed memory, /O interfaces, and so on.

If an external write occurs after an external read while the ICISO bitin BCR issetto 1, anidle
cycleisinserted at the start of the write cycle. Thisis enabled in advanced mode and normal
mode.

Figure 6.9 shows an example of the operation in this case. In this example, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycle isinserted, and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T, T, T3 T, Tp

o LI L L L o [T LT L L

Address bus :b( 9( ?C Address busj 9( :X:
o — @ /

@)

WR

S

Data bus :)—(

Data bus

Long output
floating time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.9 Exampleof Idle Cycle Operation
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6.6.2 Pin Statesin Idle Cycle
Table 6.5 shows pin statesin anidle cycle.

Table6.5 Pin Statesin Idle Cycle

Pins Pin State

A15 to AO, I0S Contents of next bus cycle

D7 to DO High impedance
AS High
RD High
WR High

6.7 Bus Arbitration

6.7.1 Overview
The H85/2138 Series and H85/2134 Series have a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and the DTC, which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of abus request signal. The
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of a
bus request acknowledge signal. The selected bus master then takes possession of the bus and
beginsits operation.

6.7.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
both bus masters, the bus request acknowledge signal is sent to the one with the higher priority.
When a bus master receives the bus request acknowledge signal, it takes possession of the bus

until that signal is canceled.

The order of priority of the bus mastersis asfollows:

(High) DTC > CPU (Low)
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6.7.3 Bus Transfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the busis not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC,
the bus arbiter transfers the busto the DTC. Thetiming for transfer of the busis as follows:

« Thebusistransferred at abreak between bus cycles. However, if abus cycle is executed in
discrete operations, asin the case of alongword-size access, the busis not transferred between
the operations.

See appendix A.5, Bus States during Instruction Execution, for timings at which the busis not
transferred.

e |f the CPU isin sleep mode, it transfers the bus immediately.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC does not release the bus until it has completed a series of processing operations.
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Section 7 Data Transfer Controller [H85/2138 Series]
Provided in the H8S/2138 Series; not provided in the H8S/2134 Series.

71 Overview

The H85/2138 Series includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data.

711 Features

e Transfer possible over any number of channels
0 Transfer information is stored in memory
0 One activation source can trigger a number of data transfers (chain transfer)

« Widerange of transfer modes
O Normal, repeat, and block transfer modes available

O Incrementing, decrementing, and fixing of transfer source and destination addresses can be
selected

« Direct specification of 16-Mbyte address space possible
O 24-bit transfer source and destination addresses can be specified

e Transfer can be set in byte or word units

« A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends
O Aninterrupt request can be issued to the CPU after all specified data transfers have ended

e Activation by software is possible

¢ Module stop mode can be set

O Theinitia setting enables DTC registers to be accessed. DTC operation is halted by setting
module stop mode

153
RENESAS



7.12 Block Diagram

Figure 7.1 shows a block diagram of the DTC.

The DTC'sregister 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 SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c
o
T
< wllx S £ |
Interrupt — | | o || & 2| Tl s
request) O=0l> :\ e [i4 <|< C> -
o allo c5 c S|<|m|0jn L .
S0 Q i e 0 |
83 | © | [Zolo >
= o [T
o= = x©x .
© |
6]
'_
O D
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 DTCERE: DTC enable registers Ato E
DTVECR: DTC vector register

Figure7.1 Block Diagram of DTC
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7.13 Register Configuration
Table 7.1 summarizes the DTC registers.

Table7.1 DTC Registers

Name Abbreviation R/W Initial Value  Address**

DTC mode register A MRA —*2  Undefined —*3

DTC mode register B MRB —*2  Undefined —x3

DTC source address register SAR —*2  Undefined —3

DTC destination address register DAR —*2  Undefined —x3

DTC transfer count register A CRA —*2  Undefined —x3

DTC transfer count register B CRB —*2  Undefined —3

DTC enable registers DTCER** R/W  H'00 H'FEEE to H'FEF2

DTC vector register DTVECR** R/W  H'00 H'FEF3

Module stop control register MSTPCRH R/W  H'3F H'FF86
MSTPCRL R/W  H'FF H'FF87

Notes: 1. Lower 16 bits of the address.

2. Registers within the DTC cannot be read or written to directly.
3. Addresses H'ECO00 to H'EFFF contain register information. They cannot be located in

external memory space.

When the DTC is used, do not clear the RAME bit in SYSCR to 0.

4. The H8S/2134 Series does not include an on-chip DTC, and therefore the DTCER and

DTVECR register addresses should not be accessed by the CPU.
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7.2 Register Descriptions

721  DTC ModeRegister A (MRA)

Bit 7 6 5 4 3 2 1 0
SM1 SMO DM1 DMO MD1 MDO DTS Sz

Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde-  Unde-
fined fined fined fined fined fined fined fined

Read/Write — — — — — — — _

MRA isan 8-hit register that controls the DTC operating mode.

Bits 7 and 6—Source AddressMode 1 and 0 (SM 1, SM0): These bits specify whether SAR is
to be incremented, decremented, or |eft 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 AddressMode 1 and 0 (DM 1, DMO0): These bits specify whether
DAR isto beincremented, decremented, or left fixed after adata 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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Bits3and 2—DTC Mode (M D1, MDO): These hits 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
sideis set to be arepeat 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 datato be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer
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722  DTC ModeRegister B (MRB)

Bit 7 6 5 4 3 2 1 0
CHNE | DISEL — — — — — —

Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

Read/Write — — — — — — — _

MRB is an 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. In chain transfer,
multiple data transfers can be performed consecutively in response to a single transfer request.
With datatransfer for which CHNE is set to 1, there is no determination of the end of the specified
number of transfers, clearing of the interrupt source flag, or clearing of DTCER.

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—Reserved: In the H85/2138 Series these bits have no effect on DTC operation, and
should always be written with 0.
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7.2.3 DTC Source Address Register (SAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0
Initial value  Unde- Unde- Unde-Unde- Unde- - Unde- Unde-Unde- Unde-Unde-

fined fined fined fined fined fined fined fined fined fined
Read/write - = = = — --- - - = - -

SAR isa24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

724 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0
Initial value  Unde- Unde- Unde-Unde- Unde- - - Unde- Unde- Unde- Unde-Unde-

fined fined fined fined fined fined fined fined fined fined
Read/write - = = = — --- - = = - —

DAR isa24-hit register that designates the destination address of datato be transferred by the
DTC. For word-size transfer, specify an even destination address.

7.25 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  Unde- Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — — — — @ — @ — @ — @ — @ — @ — @ — @ — = = =

-« CRAH —»=w+——————— CRAL —MM»

CRA isa 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal mode, the entire CRA register functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, 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 datais transferred, and the
contents of CRAH are transferred when the count reaches H'00. This operation is repeated.
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7.2.6 DTC Transfer Count Register B (CRB)

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

Initial value  Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — — — — — @ — @ — @ — @ — @ — @ — — — — —

CRB isa16-bit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

7.2.7 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

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

The DTC enable registers comprise five 8-bit readabl e/writable registers, DTCERA to DTCERE,
with bits corresponding to the interrupt sources that can activate the DTC. These bits enable or
disable DTC service for the corresponding interrupt sources.

The DTC enableregisters are initialized to H'00 by areset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCEn)

Bit n
DTCEn Description
0 DTC activation by interrupt is disabled (Initial value)
[Clearing conditions]
* When data transfer ends with the DISEL bit set to 1
* When the specified number of transfers end
1 DTC activation by interrupt is enabled
[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=7100)
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A DTCE hit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bhitsis shown in table 7.4, together with the vector number
generated by the interrupt controller in each case.

For DTCE bit setting, read/write operations must be performed using bit-manipulation instructions
such as BSET and BCLR. For theinitial setting only, however, when multiple activation sources
are set at onetime, it is possible to disable interrupts and write after executing adummy read on
the relevant register.

7.2.8 DTC Vector Register (DTVECR)

Bit 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVEC5|DTVEC4|DTVEC3|DTVEC2 |DTVEC1|DTVECO
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: * A value of 1 can always be written to the SWDTE bit, but O can only be written after 1
is read.

DTVECR is an 8-hit readabl e/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECRIsinitialized to H'00 by areset and in hardware standby mode.

Bit 7—DTC Software Activation Enable (SWDTE): Specifies enabling or disabling of DTC
software activation. To clear the SWDTE bit by software, read SWDTE when set to 1, then write O
in the bit.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing condition]
When the DISEL bit is 0 and the specified number of transfers have
not ended

1 DTC software activation is enabled

[Holding conditions]

* When data transfer ends with the DISEL bit setto 1
¢ When the specified number of transfers end

» During software-activated data transfer
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Bits6to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECO): These hits
specify avector number for DTC software activation.

The vector address is H'0400 + (vector number) << 1 (where << 1 indicates a 1-bit left shift). For
example, if DTVEC6 to DTVECO = H'10, the vector addressis H'0420.

7.29 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

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

MSTP1

MSTP2

MSTPO

MSTP6

MSTPS

MSTP4

MSTP3

MSTP10

MSTP9

MSTP8

MSTP7

MSTP15

Initial value 0 0 1 1 1 1 1 1 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 R/W R/W R/W R/W R/W R/W R/W R/W

MSTP14|MSTP13|MSTP12(MSTP11

MSTPCR, comprising two 8-bit readabl e/writable registers, performs module stop mode control.

When the MSTP14 bit in MSTPCR is set to 1, the DTC operation stops at the end of the bus cycle
and atransition is made to module stop mode. Note that 1 cannot be written to the MSTP14 bit
when the DTC is being activated. For details, see section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 6—Module Stop (M STP14): Specifies the DTC module stop mode.

MSTPCRH

Bit 6

MSTP14  Description

0 DTC module stop mode is cleared (Initial value)
1 DTC module stop mode is set
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7.3 Operation

7.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
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 to
perform a number of transfers with a single activation.

Figure 7.2 shows aflowchart of DTC operation.

Start

|
Read DTC vector

Next transfer

B

Read register information

v

Data transfer

v

Write register information

i

No

Transfer counter =

or DISEL =12 Yes
Y
Clear activation flag Clear DTCER
End Interrupt exception
handling

Figure7.2 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 |eft fixed.

Table 7.2 outlines the functions of the DTC.

Table7.2 DTC Functions

Address Registers

Transfer Transfer

Transfer Mode Activation Source Source Destination
¢ Normal mode « IRQ 24 bits 24 bits
0 One transfer request transfers one « FRTICI, OCI

byte or one word

e 8-bit timer CMI

O Memory addresses are incremented « Host interface IBF

or decremented by 1 or 2
0 Up to 65,536 transfers possible
¢ Repeat mode

O One transfer request transfers one
byte or one word

e SCI TXI or RXI

¢ A/D converter ADI
e lICIICI

¢ 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

O One transfer request transfers a block

of the specified size

O Block size is from 1 to 256 bytes or

words
0 Up to 65,536 transfers possible

O A block area can be designated at either

the source or destination
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7.3.2 Activation Sour ces

The DTC operates when activated by an interrupt or by awrite to DTVECR by software (software

activation). An interrupt request can be directed to the CPU or DTC, as designated by the

corresponding DTCER bit. The interrupt request is directed to the DTC when the corresponding

bit is set to 1, and to the CPU when the bit is cleared to O.

At the end of one data transfer (or the last of the consecutive transfers in the case of chain transfer)

the interrupt source or the corresponding DTCER bhit is cleared. Table 7.3 shows activation
sources and DTCER clearing.

Theinterrupt source flag for RXI10, for example, isthe RDRF flag in SCIO0.

Table7.3  Activation Sourcesand DTCER Clearing

When DISEL Bit Is 0 and When DISEL Bit Is 1 or
Activation Specified Number of Transfers Specified Number of Transfers
Source Have Not Ended Have Ended
Software SWDTE bit cleared to 0 * SWDTE bit held at 1
activation e Interrupt request sent to CPU
Interrupt « Corresponding DTCER bit » Corresponding DTCER bit cleared
activation held at 1 t0 0

» Activation source flag cleared Activation source flag held at 1
to 0 » Activation source interrupt request

sentto CPU

Figure 7.3 shows a block diagram of activation source control. For details see section 5, Interrupt

Controller.
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Source flag cleared

Clear
control
Clear
/
DTCER
Clear request
Select
Y Y
On-chip
supporting = > DTC
module 3
‘C
. o c
IRQ interrupt ™ o
Interrupt 5
()
request o -
DTVECR n » Interrupt controller CPU

Interrupt mask

Figure7.3 Block Diagram of DTC Activation Source Control

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 same
time, the DTC is activated in accordance with the default priorities.

7.3.3 DTC Vector Table
Figure 7.4 shows the correspondence between DTC vector addresses and register information.

Table 7.4 shows the correspondence between activation sources, vector addresses, and DTCER
bits. When the DTC is activated by software, the vector address is obtained from: H'0400 +
DTVECR[6:0] << 1 (where << 1 indicates a 1-bit |eft shift). For example, if DTVECR isH'10, the
vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
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 of
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-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.
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DTC vector
address

Register information |
start address

/

Chain transfer

~N_ @

.

Register information

~N_ @

Figure7.4 Correspondence between DTC Vector Address and Register Information

Table7.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of Vector Vector
Interrupt Source Interrupt Source  Number  Address DTCE*  Priority
Write to DTVECR Software DTVECR H0400+ — High
(Decimal DTVECR A
indication) [6:0]<<1

IRQO External pin 16 H'0420 DTCEA7

IRQ1 17 H'0422 DTCEA6

IRQ2 18 H'0424 DTCEA5

IRQ3 19 H'0426 DTCEA4

ADI (A/D conversion end) A/D 28 H'0438 DTCEA3

ICIA (FRT input capture A) FRT 48 H'0460 DTCEA2

ICIB (FRT input capture B) 49 H'0462 DTCEA1

OCIA (FRT output compare A) 52 H'0468 DTCEAO

OCIB (FRT output compare B) 54 H'046A DTCEB7
CMIAO (TMRO compare-match A) TMRO 64 H'0480 DTCEB2
CMIBO (TMRO compare-match B) 65 H'0482 DTCEB1
CMIAL (TMR1 compare-match A) TMR1 68 H'0488 DTCEBO
CMIB1 (TMR1 compare-match B) 69 H'048A DTCECY
CMIAY (TMRY compare-match A) TMRY 72 H'0490 DTCEC6
CMIBY (TMRY compare-match B) 73 H'0492 DTCECS5

IBF1 (IDR1 reception completed) HIF 76 H'0498 DTCEC4

IBF2 (IDR2 reception completed) 77 H'049A DTCEC3

RXI0 (reception completed 0) SCl channel 0 81 H'04A2 DTCEC2

TXIO (transmit data empty 0) 82 H'04A4 DTCEC1 Low
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Origin of Vector Vector

Interrupt Source Interrupt Source  Number  Address DTCE*  Priority
RXI1 (reception completed 1) SCI channel 1 85 H'04AA DTCECO High
TXI1 (transmit data empty 1) 86 H'04AC DTCED7 A
RXI2 (reception completed 2) SCI channel 2 89 H'04B2 DTCED6

TXI2 (transmit data empty 2) 90 H'04B4 DTCED5

IICIO (1ICO 1-byte transmission/ IICO (option) 92 H'04B8 DTCED4
reception completed)

IICI1 (IIC1 1-byte transmission/ IIC1 (option) 94 H'04BC DTCED3
reception completed) Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.

734 L ocation of Register Information in Address Space
Figure 7.5 shows how the register information should be located in the address space.

Locatethe MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (vector address contents). In chain transfer, locate the register
information in consecutive aress.

L ocate the register information in the on-chip RAM (addresses: H'FFECO0 to H'FFEFFF).

/\/
Lower address
0 1 2 3
Register information —=| MRA SAR
start address MRB DAR Register information
. CRA CRB
Chain transfer
= MRA SAR ) . .
Register information
MRB DAR for 2nd transfer
CRA CRB in chain transfer
4 bytes
/\_/

Figure7.5 Location of DTC Register Information in Address Space
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7.35 Normal M ode

In norma 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, a

CPU interrupt can be requested.

Table 7.5 lists the register information in normal mode and figure 7.6 shows memory mapping in

norma mode.

Table7.5 Register Information in Normal Mode

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

m m

SAR —» -— DAR
Transfer
\_/_\ \_/_\
Figure7.6 Memory Mappingin Normal Mode
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7.3.6 Repeat M ode
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, the
initial address register state specified by the transfer counter and repeat area resumes and transfer
is repeated. In repeat mode the transfer counter does not reach H'00, and therefore CPU interrupts
cannot be requested when DISEL = 0.

Table 7.6 lists the register information in repeat mode and figure 7.7 shows memory mapping in
repeat mode.

Table7.6 Register Information in Repeat M ode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer count
DTC transfer count register B CRB Not used

N N

SAR or DAR or
DAR — ™ Repeat area <:> - SAR
Transfer

\_/_\\_/_\

Figure7.7 Memory Mapping in Repeat Mode
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7.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is specified as a block area.

Theblock sizeis 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified in the block areais restored. The other address register is
successively incremented or decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 7.7 lists the register information in block transfer mode and figure 7.8 shows memory
mapping in block transfer mode.

Table7.7 Register Information in Block Transfer Mode

Name Abbreviation Function

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

DTC transfer count register AL CRAL Block size count

DTC transfer count register B CRB Transfer counter
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H First block

B N
SAR or B N B DAR or
DAR ™ <:> Block area ~-— oaR

- - Transfer |-

I~ N ~N_

Nth block
u_\
Figure7.8 Memory Mappingin Block Transfer Mode

172

RENESAS




7.3.8 Chain Transfer

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

Figure 7.9 shows memory mapping for chain transfer.

/\_/
Source
/\_/ /\_/
. _ _ ) Destination
Register information
CHNE=1
DTC vector Register information
address start address
Register information
CHNE =0
_ Source

L -
A Destination

Figure7.9 Memory Mappingin Chain Transfer

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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7.39 Operation Timing

Figures 7.10 to 7.12 show examples of DTC operation timing.

° Sy UL
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

e e
s O OOkt SO0
-~ -

Transfer Transfer
information read information write

Figure7.10 DTC Operation Timing (Normal Mode or Repeat M ode)

o JUuuryU UL
DTC activation

request / \

DTC request / \

Data transfer

Vector read

s T —
parss O OO ket OO0

- -
Transfer Transfer
information read information write

Figure7.11 DTC Operation Timing (Block Transfer Mode, with Block Size of 2)
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o Jyuiuyiuuyiyrryryyuyut

DTC activation
request J \
DTC
request J \_
Data transfer Data transfer
Vector read R — R —
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure7.12 DTC Operation Timing (Chain Transfer)

7.3.10 Number of DTC Execution States

Table 7.8 lists execution phases for asingle DTC data transfer, and table 7.9 shows the number of
states required for each execution phase.

Table7.8 DTC Execution Phases

Register Information Internal
Vector Read Read/Write Data Read Data Write Operation
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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Table7.9 Number of States Required for Each Execution Phase

On- On- Internal I/0
Object of Access Chip RAM Chip ROM Registers External Devices
Bus width 32 16 8 16 8 8
Access states 1 1 2 2 2 3
Execution Vector read S, — 1 — — 4 6+2m
phase
Register S, 1 — — — — —
information
read/write
Byte data read Sy 1 1 2 2 2 3+m
Word data read S« 1 1 4 2 4 6+2m
Byte data write S, 1 1 2 2 2 3+m
Word data write S, 1 1 4 2 4 6+2m
Internal operation S,, 1 1 1 1 1 1

The number of execution statesis calculated from the formula below. Note that > means the sum
of all transfers activated by one activation event (the number for which the CHNE bit is set to one,
plusl).

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

For example, when the DTC vector address table islocated in on-chip ROM, normal mode is set,
and datais transferred from the on-chip ROM to aninternal 1/O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawrite is 10 states.
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7311 Proceduresfor Usingthe DTC

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

1

2.

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

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

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. |f the DTC isto continue
transferring data, set the DTCE hit to 1.

Activation by Softwar e: The procedure for using the DTC with software activation is as follows:

1

2.

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

Check that the SWDTE hit is 0.

Write 1in the SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After the end of one datatransfer, if the DISEL hit is0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to O. If the DTC isto continue transferring data, set the SWDTE hit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE hit isheld at 1 and a CPU interrupt is requested.
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7312 Examplesof Useof theDTC

Normal Mode: An exampleisshowninwhichthe DTC is used to receive 128 bytes of datavia
the SCI.

1. Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
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 oneinterrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM areawhere the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the register information at the DTC vector address.
3. Set the corresponding bit in DTCER to 1.

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

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

6. When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE bhit iscleared 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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Softwar e Activation: An exampleis shown in which the DTC is used to transfer ablock of 128
bytes of data by means of software activation. The transfer source addressis H'1000 and the
destination address is H'2000. The vector number is H'60, so the vector addressis 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 DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

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

3. Check that the SWDTE bit in DTVECR is 0. Check that thereis currently no transfer activated
by software.

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

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

6. If the write was successful, the DTC is activated and a block of 128 bytes of datais transferred.

7. After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE bit to 0 and perform other wrap-up processing.
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7.4 Interrupts

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or a datatransfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and 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 hit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after datatransfer ends, the SWDTE bitisheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE hit to O.

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.

7.5 Usage Notes

Module Stop: When the MSTP14 bit in MSTPCRis set to 1, the DTC clock stops, and the DTC
enters the modul e stop state. However, 1 cannot be written in the MSTP14 bit whilethe DTC is
operating. When the DTC is placed in the module stop state, the DTCER registers must all bein
the cleared state when the MSTP14 bit is set to 1.

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 SY SCR must not be cleared to O.

DTCE Bit Setting: For DTCE bit setting, read/write operations must be performed using bit-
manipulation instructions such as BSET and BCLR. For the initial setting only, however, when
multiple activation sources are set at onetime, it is possible to disable interrupts and write after
executing a dummy read on the relevant register.
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Section 8 1/0O Ports

8.1 Overview

The H85/2138 Series and H85/2134 Series have eight 1/0 ports (ports 1 to 6, 8, and 9), and one
input-only port (port 7).

Tables 8.1 and 8.2 summarize the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for the
input-only port) and dataregisters (DR, ODR) that store output data.

Ports 1 to 3, and 6 have a built-in MOS input pull-up function. Ports 1 to 3 and 6 have aMOS
input pull-up control register (PCR), in addition to DDR and DR, to control the on/off status of the
MOS input pull-ups.

Ports1t0 6, 8, and 9 can drive asingle TTL load and 30 pF capacitive load. All the I/O ports can
drive a Darlington transistor when in output mode. Ports 1, 2, and 3 can drive an LED (10 mA
sink current).

In the H8S/2138 Series, P52 in port 5 and P97 in port 9 are NMOS push-pull outputs.

Note that the H8S/2134 Series has subset specifications that do not include some supporting
modules. For differencesin pin functions, see table 8.1, H852138 Series Port Functions, and table
8.2, H85/2134 Series Port Functions.

Table8.1 H852138 SeriesPort Functions

Expanded Modes Single-Chip Mode
Mode 2, Mode 3 Mode 2, Mode 3
Port Description Pins Mode 1 (EXPE =1) (EXPE =0)
Port 1 « 8-bit I/O P17 to P10/ Lower When DDR =0  |/O port also functioning
port A7 to A0/ address (after reset): as PWM timer output
« Built-in PW7 to PWO output input port (PW7 to PWO0)
MOS input (A7T10A0)  \When DDR = 1:
pull-ups lower address
* LED drive output (A7 to
capability A0) or PWM

timer output
(PW7 to PWO0)
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Expanded Modes

Single-Chip Mode

Mode 2, Mode 3

Mode 2, Mode 3

Port  Description Pins Mode 1 (EXPE =1) (EXPE = 0)
Port 2 +8-bit /O P27/A15/PW15/  Upper When DDR =0  I/O port also functioning
port CBLANK address (after reset): as PWM timer output
« Built-in P26/A14/PW14  Output input port or (PW15 to PW8) and
MOS input (A15to A8) timer connection timer connection output
pull-ups P25/A13/PW13 output (CBLANK)
« LED drive P24/A12/PW12 (CBLANK)
capability  p23/A11/PW11 When DDR = 1:
upper address
P22/A10/PW10 output (A15 to
P21/A9/PW9 A8), PWM timer
P20/A8/PWS8 output (PW15 to
PW12), timer
connection
output
(CBLANK), or
output ports
(P27 to P24)
Port 3 « 8-bit I/O P37 to P30/ Data bus input/output (D7 to I/O port also functioning
port HDB7 to HDBO/  DO) as host interface data
 Built-in D7 to DO bus input/output (HDB7
MOS input to HDBO)
pull-ups
¢ LED drive
capability

Port 4 * 8-bit1/O
port

P47/PWX1
P46/PWX0

P45/TMRI1/
HIRQ12/CSYNCI

P44/TMO1/
HIRQ1/HSYNCO

P43/TMCI1/
HIRQ11/HSYNCI

P42/TMRIO/
SCK2/SDA1

P41/TMOO0/
RxD2/IrRxD

P40/TMCIO0/
TxD2/IrTxD

I/O port also functioning as
14-bit PWM timer output
(PWX1, PWXO0), 8-bit timer 0
and 1 input/output (TMCIO,
TMRIO, TMOO, TMCI1, TMRIZ,
TMOL), timer connection
input/output (HSYNCO,
CSYNCI, HSYNCI), SCI2
input/output (TxD2, RxD2,
SCK2), IrDA interface
input/output (IrTxD, IrRxD),
and I°C bus interface 1 (option)
input/output (SDA1)

1/0O port also functioning
as 14-bit PWM timer
output (PWX1, PWXO0),
8-bit timer 0 and 1 input/
output (TMCIO, TMRIO,
TMOO, TMCI1, TMRI1,
TMOL1), timer connection
input/output (HSYNCO,
CSYNCI, HSYNCI), host
interface host CPU
interrupt request output
(HIRQ12, HIRQ1,
HIRQ11), SCI2 input/
output (TxD2, RxD2,
SCK2), IrDA interface
input/output (IrTxD,
IrRxD), and I°C bus
interface 1 (option)
input/output (SDA1)
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Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3

Port  Description Pins Mode 1 (EXPE =1) (EXPE =0)
Port5 * 3-bit /O P52/SCKO/SCLO  1/O port also functioning as SCIO0 input/output (TxDO,
port P51/RxDO RxDO0, SCKO) and I°C bus interface 0 (option) input/output
(SCLO)
P50/TxD0
Port 6 * 8-bit /O P67/IRQ7/TMOX/ 1/0O port also functioning as external interrupt input (IRQ7,
port KIN7/CIN7 IRQS6), FRT input/output (FTCI, FTOA, FTIA, FTIB, FTIC,
P66/IRQB/FTOB/ FTID, FTOB), 8-bit timer X and Y input/output (TMOX,
KING/CING TMIX, TMIY), timer connection input/output (CLAMPO,

_ VFBACKI, VSYNCI, VSYNCO, HFBACKI), key-sense
PBS/FTID/KINS/  interrupt input (KIN7 to KINO), and expansion A/D
CINS converter input (CIN7 to CINO)

P64/FTIC/KIN4/
CIN4/CLAMPO

P63/FTIB/KIN3/
CIN3/VFBACKI

PE2/FTIAITMIY/
KIN2/CIN2/
VSYNCI

P61/FTOA/KIN1/
CIN1/VSYNCO

PEO/FTCI/TMIX/
KINO/CINO/
HFBACKI

Port 7 * 8-bit input
port

P77/AN7/DA1 Input port also functioning as A/D converter analog input
P76/AN6/DAO (AN7 to ANO) and D/A converter analog output (DAL,

DAO)
P75/AN5

P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO
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Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3

Port  Description Pins Mode 1 (EXPE =1) (EXPE = 0)
Port8 * 7-bit /O P86/IRQ5/SCK1/ 1/0O port also functioning as I/O port also functioning
port SCL1 external interrupt input (IRQ5,  as external interrupt
output (TxD1, RxD1, SCK1), IRQ3), SCI1 input/output
an us interface 1 (option xD1, RxD1, ,
P84/IRQ3/TXD1  and 1°C bus interface 1 (opti TxD1, RxD1, SCK1
P83 input/output (SCL1) host interface control
input/output (CS2,
P82/HIFSD GA20, HAO, HIFSD),
P81/CS2/GA20 and I°C bus interface 1
P80/HAO (option) input/output
(SCL1)
Port9 *8-bit /O P97/WAIT/SDAO /O port also functioning as I/0 port also functioning
port expanded data bus control as I°C bus interface 0
input (WAIT) and I°C bus (option) input/output
interface O (option) (SDAO0)
input/output (SDAO)
P96/a/EXCL When DDR  When DDR = 0 (after reset): input port or
= 0: input EXCL input
port or When DDR = 1: g output
EXCL input
When DDR
=1 (after
reset): @
output
P95/AS/I0S/CS1 Expanded data bus control I/O port also functioning
P94/ WR/TOW output (AS/10S, WR, RD) as host interface control
_ input (CS1, IOW, IOR)
P93/RD/IOR
P92/IRQ0O I/O port also functioning as external interrupt input (IRQO,
P91/TRQT IRQ1)
P90/IRQ2/ I/0 port also functioning as 1/0O port also functioning
ADTRG/ECS2 external interrupt input (IRQ2), as external interrupt
and A/D converter external input (IRQ2), A/D
trigger input (ADTRG) converter external

trigger input (ADTRG),
and host interface
control input (ECS2)
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Table8.2

H85/2134 Series Port Functions

Expanded Modes

Single-Chip Mode

Mode 2, Mode 3

Mode 2, Mode 3

Port Description Pins Mode 1 (EXPE =1) (EXPE =0)
Port 1 « 8-bit I/O P17 to P10/ Lower When DDR=0 /O port
port A7 to AO address (after reset):
* Built-in output (A7 to input port
MOS input AQ) When DDR = 1:
pull-ups lower address
* LED drive output (A7 to
capability A0)
Port 2 « 8-bit I/O P27 to P20/ Upper When DDR=0 /O port
port A15to A8 address (after reset):
* Built-in output (A15 input port
MOS input t0 AB) When DDR = 1:
pull-ups upper address
* LED drive output (Al15 to
capability A8) or output
port (P27 to
P24)
Port 3 « 8-bit I/O P37 to P30/ Data bus input/output (D7 to I/O port
port D7 to DO DO0)
* Built-in
MOS input
pull-ups
* LED drive
capability
Port 4 < 8-bit /O P47/PWX1 I/O port also functioning as 14-bit PWM timer output
port P46/PWX0 (PWX1, PWXO0), 8-bit timer 0 and 1 input/output (TMCIO,
TMRIO, TMOO, TMCI1, TMRI1, TMO1), SCI2 input/output
P45/TMRI1 (TxD2, RxD2, SCK2), and IrDA interface input/output
P44/TMO1 (IrTxD, IrRxD)
P43/TMCI1
P42/TMRIO/SCK2
P41/TMOO0/RxD2/
IrRxD
P40/TMCI0/
TxD2/IrTxD
Port5 * 3-bit /O P52/SCKO0 I/O port also functioning as SCIO input/output (TxDO,
port P51/RXDO RxD0, SCKO0)
P50/TxDO0O
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Port  Description Pins

Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3
Mode 1 (EXPE =1) (EXPE = 0)

Port6 ¢ 8-hitI/O P67/IRQ7/KIN7/
port CIN7

P66/IRQ6/FTOB/
KIN6/CING

P65/FTID/KIN5/
CINS

P64/FTIC/KIN4/
CIN4

P63/FTIB/KIN3/
CIN3

PE62/FTIAITMIY/
KIN2/CIN2

P61/FTOA/KIN1/
CIN1

P60/FTCI/KINO/
CINO

I/0O port also functioning as external interrupt input (IRQ7,
IRQB), FRT input/output (FTCI, FTOA, FTIA, FTIB, FTIC,
FTID, FTOB), 8-bit timer Y input (TMIY), key-sense
interrupt input (KIN7 to KINO), and expansion A/D
converter input (CIN7 to CINO)

Port 7 « 8-bitinput P77/AN7/DA1
port P76/ANG/DAO

P75/AN5

P74/AN4

P73/AN3

P72/AN2

P71/AN1

P70/ANO

Input port also functioning as A/D converter analog input
(AN7 to ANO) and D/A converter analog output (DAL,
DAO)

Port8 « 7-bit I/O P86/IRQ5/SCK1
port P85/TRQ4/RXD1
P84/IRQ3/TxD1

P83

P82

P81

P80

I/O port also functioning as external interrupt input (IRQ5,
IRQ4, IRQ3) and SCI1 input/output (TxD1, RxD1, SCK1)
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Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3

Port  Description Pins Mode 1 (EXPE =1) (EXPE =0)
Port9 +8-bit /O PO7/WAIT I/O port also functioning as I/O port
port expanded data bus control

input (WAIT)

P96/a/EXCL When DDR  When DDR = 0 (after reset): input port or
= 0: input EXCL input
port or When DDR = 1: @ output
EXCL input
When DDR
=1 (after
reset): @
output

P95/AS/10S Expanded data bus control /O port

P94/WR output(AS/10S, WR, RD)

P93/RD

P92/IRQO I/O port also functioning as external interrupt input (IRQO,

P9o1/IRQI IRQT)

P90/IRQ2/ I/0 port also functioning as I/O port also functioning

ADTRG external interrupt input (IRQ2), as external interrupt
and A/D converter external input (IRQ2) and A/D
trigger input (ADTRG) converter external

trigger input (ADTRG)
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8.2 Port 1

821 Overview

Port 1 isan 8-hit I/O port. Port 1 pins also function as address bus output pins (A7 to AQ), and as
8-bit PWM output pins (PW7 to PWO0) (H8S/2138 Series only). Port 1 functions change according
to the operating mode. Port 1 has a built-in MOS input pull-up function that can be controlled by
software.

Figure 8.1 shows the port 1 pin configuration.

Port 1 pins Pin functions in mode 1
= P17/A7/PW7 A7 (Output)
~e— P16/A6/PW6 A6 (Output)
—m P15/A5/PW5 A5 (Output)
port1 ™ P14/A4/PW4 A4 (Output)
e—m P13/A3/PW3 A3 (Output)
- P12/A2/PW2 A2 (Output)
— P11/A1/PW1 Al (Output)
= P10/A0/PWO AO (Output)

Pin functions in modes 2 and 3 (EXPE = 1)
A7 (Output)/P17 (Input)/PW7 (Output)
A6 (Output)/P16 (Input)/PW6 (Output)
A5 (Output)/P15 (Input)/PW5 (Output)
A4 (Output)/P14 (Input)/PW4 (Output)
A3 (Output)/P13 (Input)/PW3 (Output)
A2 (Output)/P12 (Input)/PW2 (Output)
Al (Output)/P11 (Input)/PW1 (Output)
A0 (Output)/P10 (Input)/PWO0 (Output)

Pin functions in modes 2 and 3 (EXPE = 0)
P17 (1/0)/PW7 (Output)
P16 (1/0)/PW6 (Output)
P15 (I/0)/PW5 (Output)
P14 (1/0)/PW4 (Output)
P13 (1/0)/PW3 (Output)
P12 (1/0)/PW2 (Output)
P11 (1//0)/PW1 (Output)
P10 (I/0)/PWO (Output)

Figure8.1 Port 1 Pin Functions
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8.2.2 Register Configuration
Table 8.3 shows the port 1 register configuration.

Table8.3 Port 1 Registers

Name Abbreviation R/W Initial Value Address*
Port 1 data direction register P1DDR W H'00 H'FFBO
Port 1 data register P1DR R/W H'00 H'FFB2
Port 1 MOS pull-up control P1PCR R/W H'00 H'FFAC
register

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit 7 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

Read/Write w 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. PADDR cannot be read; if it is, an undefined value will be returned.

P1DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. The address output pins maintain their output state in atransition to
software standby mode.

* Model
The corresponding port 1 pins are address outputs, regardless of the PIDDR setting.
In hardware standby mode, the address outputs go to the high-impedance state.

e Modes2and 3(EXPE=1)

The corresponding port 1 pins are address outputs or PWM outputs when P1DDR bits are set
to 1, and input ports when cleared to O.

+ Modes 2 and 3 (EXPE = 0)

The corresponding port 1 pins are output ports or PWM outputs when PIDDR bitsare set to 1,
and input ports when cleared to 0.
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Port 1 Data Register (P1DR)

Bit 7 6 5 4 3 2 1 0
P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR

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

P1DR isan 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).
If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read, regardless
of the actual pin states. If aport 1 read is performed while PLDDR bits are cleared to O, the pin
states are read.

P1DR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 1 MOS Pull-Up Control Register (P1PCR)

Bit 7 6 5 4 3 2 1 0
P17PCR| P16PCR|P15PCR|P14PCR|P13PCR |P12PCR |P11PCR|P10PCR

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

P1PCR is an 8-hit readable/writable register that controls the port 1 built-in MOS input pull-ups
on abit-by-bit basis.

In modes 2 and 3, the MOS input pull-up is turned on when a PLIPCR bit is set to 1 while the
corresponding PADDR bhit is cleared to O (input port setting).

P1PCR isinitialized to H'00 by areset and in hardware standby mode. It retainsiits prior state in
software standby mode.
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8.2.3 Pin Functionsin Each M ode

Mode 1: In mode 1, port 1 pins automatically function as address outputs. The port 1 pin functions
are shown in figure 8.2.

— A7 (Output)
—» A6 (Output)
—— A5 (Output)
port1 | ™ A4 (Output)
—» A3 (Output)
— A2 (Output)
— Al (Output)

— A0 (Output)

Figure 8.2 Port 1 Pin Functions (Mode 1)

Modes 2 and 3 (EXPE = 1): In modes 2 and 3 (when EXPE = 1), port 1 pins function as address
outputs, PWM outputs, or input ports, and input or output can be specified on a bit-by-bit basis.
When abit in PLDDR is set to 1, the corresponding pin functions as an address output or PWM
output, and when cleared to 0, as an input port.

The port 1 pin functions are shown in figure 8.3.

When P1DDR =1 When P1DDR =1
and PWOERA =0 When P1DDR =0 and PWOERA =1
~—» A7 (Output) P17 (Input) PW?7 (Output)
~— AB (Output) P16 (Input) PW6 (Output)
~—» A5 (Output) P15 (Input) PWS5 (Output)
Portl [~ ™ A4 (Output) P14 (Input) PW4 (Output)
~—» A3 (Output) P13 (Input) PW3 (Output)
~—» A2 (Output) P12 (Input) PW?2 (Output)
~— Al (Output) P11 (Input) PW1 (Output)
~— AQ (Output) P10 (Input) PWO (Output)

Figure8.3 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 1))

191
RENESAS




Moaodes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 1 pins function as PWM
outputs or /O ports, and input or output can be specified on a bit-by-bit basis. When abit in
P1DDR is set to 1, the corresponding pin functions as a PWM output or output port, and when
cleared to O, as an input port.

The port 1 pin functions are shown in figure 8.4.

P1n: Input pin when P1DDR =0,

output pin when P1DDR =1 When P1DDR =1
and PWOERA =0 and PWOERA =1
<> P17 (1/O) PW7 (Output)
—» P16 (I/O) PW6 (Output)
<> P15 (1/0) PWS5 (Output)
port1 [+ = P14 (/0) PW4 (Output)
~—» P13 (1/0) PW3 (Output)
~—» P12 (1/0) PW2 (Output)
~— P11 (1/O) PW1 (Output)
~—» P10 (I/O) PWO (Output)

Figure8.4 Port 1 Pin Functions (Modes2 and 3 (EXPE = 0))

8.24 MOS Input Pull-Up Function

Port 1 has abuilt-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in modes 2 and 3, and can be specified as on or off on a bit-by-
bit basis.

When a P1DDR hit is cleared to 0 in mode 2 or 3, setting the corresponding P1PCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior stateis retained in software standby mode.

Table 8.4 summarizes the MOS input pull-up states.
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Table84 MOSInput Pull-Up States (Port 1)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 Off Off On/Off On/Off

Legend:
Off:  MOS input pull-up is always off.
On/Off:On when P1DDR = 0 and P1PCR = 1; otherwise off.

8.3 Port 2

8.3.1 Overview

Port 2 isan 8-bit I/O port. Port 2 pins also function as address bus output pins (A15 to A8), 8-bit
PWM output pins (PW15 to PW8) (H85/2138 Series only), and the timer connection output pin

(CBLANK) (H85/2138 Series only). Port 2 functions change according to the operating mode.

Port 2 has a built-in MOS input pull-up function that can be controlled by software.

Figure 8.5 shows the port 2 pin configuration.
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Port 2

Port 2 pins

P27/A15/PW15/CBLANK

P26/A14/PW14
P25/A13/PW13
P24/A12/PW12
P23/A11/PW11
P22/A10/PW10
P21/A9/PW9

P20/A8/PW8

Pin functions in mode 1
A15 (Output)

Al14 (Output)

A13 (Output)

A12 (Output)

A1l (Output)

A10 (Output)

A9 (Output)

A8 (Output)

Pin functions in modes 2 and 3 (EXPE =1)

A15 (Output)/P27 (1/0)/PW15 (Output)/CBLANK (Output)
Al4 (Output)/P26 (1/0)/PW14 (Output)

A13 (Output)/P25 (1/0)/PW13 (Output)

A12 (Output)/P24 (1/0)/PW12 (Output)

Al11 (Output)/P23 (Input)/PW11 (Output)

A10 (Output)/P22 (Input)/PW10 (Output)

A9 (Output)/P21 (Input)/PW9 (Output)

A8 (Output)/P20 (Input)/PW8 (Output)

Pin functions in modes 2 and 3 (EXPE =0)
P27 (1/0)/PW15 (Output)/CBLANK (Output)
P26 (1/0)/PW14 (Output)

P25 (1/0)/PW13 (Output)

P24 (1/0)/PW12 (Output)

P23 (1/0)/PW11 (Output)

P22 (1/0)/PW10 (Output)

P21 (1/0)/PW9 (Output)

P20 (1/0)/PW8 (Output)
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8.3.2 Register Configuration
Table 8.5 shows the port 2 register configuration.

Table85 Port 2 Registers

Name Abbreviation R/W Initial Value Address*
Port 2 data direction register P2DDR W H'00 H'FFB1
Port 2 data register P2DR R/W H'00 H'FFB3
Port 2 MOS pull-up control P2PCR R/W H'00 H'FFAD
register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0
P27DDR | P26DDR| P25DDR| P24DDR|P23DDR |P22DDR | P21DDR |P20DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

P2DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 2. P2DDR cannot be read; if it is, an undefined value will be returned.

P2DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. The address output pins maintain their output state in atransition to
software standby mode.

* Model
The corresponding port 2 pins are address outputs, regardless of the P2DDR setting.
In hardware standby mode, the address outputs go to the high-impedance state.

e Modes2and 3(EXPE=1)
The corresponding port 2 pins are address outputs or PWM outputs when P2DDR bits are set
to 1, and input ports when cleared to 0. P27 to P24 are switched from address outputs to output
ports by setting the |OSE bit to 1.
P27 can be used as an on-chip supporting module output pin regardless of the P27DDR setting,
but to ensure normal access to external space, P27 should not be set as an on-chip supporting
modul e output pin when port 2 pins are used as address output pins.

195
RENESAS



+ Modes2 and 3 (EXPE = 0)

The corresponding port 2 pins are output ports or PWM outputs when P2DDR hitsare set to 1,
and input ports when cleared to 0.

P27 can be used as an on-chip supporting module output pin regardless of the P27DDR setting.

Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0
P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR

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

P2DR is an 8-bit readable/writable register that stores output data for the port 2 pins (P27 to P20).
If aport 2 read is performed while P2DDR bits are set to 1, the P2DR values are read directly,
regardless of the actual pin states. If aport 2 read is performed while P2DDR bits are cleared to O,
the pin states are read.

P2DR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 2 MOS Pull-Up Control Register (P2PCR)

Bit 7 6 5 4 3 2 1 0
P27PCR | P26PCR|P25PCR| P24PCR|P23PCR |P22PCR | P21PCR|P20PCR

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

P2PCR is an 8-hit readable/writable register that controls the port 2 built-in MOS input pull-ups
on abit-by-bit basis.

In modes 2 and 3, the MOS input pull-up is turned on when a P2PCR bit is set to 1 while the
corresponding P2DDR bhit is cleared to O (input port setting).

P2PCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.
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8.3.3

Pin Functionsin Each M ode

Mode 1: In mode 1, port 2 pins automatically function as address outputs. The port 2 pin functions
are shown in figure 8.6.

Port 2

A15 (Output)
Al14 (Output)
A13 (Output)
A12 (Output)
A1l (Output)
A10 (Output)
A9 (Output)

A8 (Output)

Figure8.6 Port 2 Pin Functions (Mode 1)

Modes 2 and 3 (EXPE = 1): In modes 2 and 3 (when EXPE = 1), port 2 pins function as address

outputs, PWM outputs, or 1/0 ports, and input or output can be specified on a bit-by-bit basis.
When abit in P2DDR is set to 1, the corresponding pin functions as an address output or PWM

output, and when cleared to 0, as an input port. P27 to P24 are switched from address outputs to
output ports by setting the IOSE bit to 1. P27 can be used as an on-chip supporting module output
pin regardless of the P27DDR setting, but to ensure normal accessto external space, P27 should
not be set as an on-chip supporting module output pin when port 2 pins are used as address output

pins.

The port 2 pin functions are shown in figure 8.7.

Port 2

When P2DDR =1
and PWOERB =0

A15 (Output)/P27 (Output) P27 (Input)/CBLANK (Output)

Al14 (Output)/P26 (Output) P26 (Input)
A13 (Output)/P25 (Output) P25 (Input)
A12 (Output)/P24 (Output) P24 (Input)

Al1 (Output) P23 (Input)
A10 (Output) P22 (Input)
A9 (Output) P21 (Input)
A8 (Output) P20 (Input)

When P2DDR =0

When P2DDR =1
and PWOERB =1

PW15 (Output)/CBLANK (Output)

PW14 (Output)
PW13 (Output)
PW12 (Output)
PW11 (Output)
PW10 (Output)
PW9 (Output)

PWS8 (Output)

Figure8.7 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 1))
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Moaodes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 2 pins function as PWM
outputs (P27 can also function as the timer connection output (CBLANK)) or 1/O ports, and input
or output can be specified on a bit-by-bit basis. When a bit in P2DDR is set to 1, the
corresponding pin functions as a PWM output or output port, and when cleared to 0, as an input
port. P27 can be used as an on-chip supporting module output pin regardless of the P27DDR
setting.

The port 2 pin functions are shown in figure 8.8.

P2n: Input pin when P2DDR = 0,

output pin when P2DDR =1 When P2DDR =1
and PWOERB =0 and PWOERB =1
~—» P27 (I/0)/CBLANK (Output) PW15 (Output)/CBLANK (Output)
~—» P26 (1/0) PW14 (Output)
-— P25 (I/O) PW13 (Output)
Port2 [ ™ P24 (1/0) PW12 (Output)
~—» P23 (I/0) PW11 (Output)
~—» P22 (1/0) PW10 (Output)
~— P21 (1/0) PW9 (Output)
~— P20 (1/0) PWS8 (Output)

Figure8.8 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 0))

8.34 MOS Input Pull-Up Function

Port 2 has abuilt-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in modes 2 and 3, and can be specified as on or off on a bit-by-
bit basis.

When a P2DDR hit is cleared to 0 in mode 2 or 3, setting the corresponding P2PCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior stateis retained in software standby mode.

Table 8.6 summarizes the MOS input pull-up states.
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Table8.6 MOSInput Pull-Up States (Port 2)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 Off Off On/Off On/Off
Legend:

Off:  MOS input pull-up is always off.
On/Off:On when P2DDR = 0 and P2PCR = 1; otherwise off.

8.4 Port 3

8.4.1 Overview

Port 3 isan 8-hit I/O port. Port 3 pins also function as host data bus 1/0 pins (HDB7 to HDBO)
(H8S/2138 Series only), and as data bus 1/0 pins. Port 3 functions change according to the
operating mode. Port 3 has a built-in MOS input pull-up function that can be controlled by

software.

Figure 8.9 shows the port 3 pin configuration.

Port 3

Port 3 pins

P37/D7/HDB7
P36/D6/HDB6
P35/D5/HDB5
P34/D4/HDB4
P33/D3/HDB3
P32/D2/HDB2
P31/D1/HDB1
P30/DO/HDBO

Pin functions in modes 1, 2 and 3 (EXPE = 1)

D7 (1/0)
D6 (1/0)
D5 (1/0)
D4 (1/0)
D3 (1/0)
D2 (1/0)
D1 (1/0)
DO (1/0)

Pin functions in modes 2 and 3 (EXPE = 0)

P37 (/0)/HDB7 (I/0)
P36 (1/0)/HDB6 (I/0)
P35 (1/0)/HDBS5 (1/0)
P34 (1/0)/HDB4 (1/0)
P33 (1/0)/HDBS3 (1/0)
P32 (1/0)/HDB2 (I/0)
P31 (I/0)/HDB1 (I/0)
P30 (1/0)/HDBO (I/0)

Figure8.9 Port 3 Pin Functions
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8.4.2 Register Configuration
Table 8.7 shows the port 3 register configuration.

Table8.7 Port 3Registers

Name Abbreviation R/W Initial Value Address*
Port 3 data direction register P3DDR W H'00 H'FFB4
Port 3 data register P3DR R/W H'00 H'FFB6
Port 3 MOS pull-up control P3PCR R/W H'00 H'FFAE
register

Note: * Lower 16 bits of the address.

Port 3 Data Direction Register (P3DDR)

Bit 7 6 5 4 3 2 1 0
P37DDR| P36DDR| P35DDR | P34DDR|P33DDR |P32DDR | P31DDR|P30DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

P3DDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port 3. P3ADDR cannot be read; if it is, an undefined value will be returned.

P3DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

e Modes ], 2,and 3 (EXPE=1)
The input/output direction specified by P3DDR is ignored, and pins automatically function as
datal/O pins.

After areset, and in hardware standby mode or software standby mode, the data 1/O pins go to
the high-impedance state.

e Modes2and 3 (EXPE=0)

The corresponding port 3 pins are output ports when P3DDR bits are set to 1, and input ports
when cleared to O.
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Port 3 Data Register (P3DR)

Bit 7 6 5 4 3 2 1 0
P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR
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

P3DR is an 8-bit readable/writable register that stores output data for the port 3 pins (P37 to P30).
If aport 3 read is performed while P3BDDR bits are set to 1, the P3DR values are read directly,
regardless of the actual pin states. If aport 3 read is performed while P3DDR bits are cleared to O,
the pin states are read.

P3DR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 3MOS Pull-Up Control Register (P3PCR)

Bit 7 6 5 4 3 2 1 0
P37PCR| P36PCR| P35PCR| P34PCR|P33PCR |P32PCR | P31PCR|P30PCR
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

P3PCR is an 8-hit readable/writable register that controls the port 3 built-in MOS input pull-ups
on abit-by-bit basis.

In modes 2 and 3 (when EXPE = 0), the MOS input pull-up is turned on when a P3PCR bit is set
to 1 while the corresponding P3DDR hit is cleared to O (input port setting).

P3PCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.

The MOS input pull-up function cannot be used in slave mode (when the host interface is
enabled).
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8.4.3 Pin Functionsin Each M ode

Moaodes 1, 2, and 3 (EXPE =1): Inmodes 1, 2, and 3 (when EXPE = 1), port 3 pins automatically
function as data I/O pins. The port 3 pin functions are shown in figure 8.10.

~— D7 (I/O)
~— D6 (I/O)
~— D5 (1/O)
~— D4 (I/O)
~—» D3 (I/0O)
~— D2 (I/0)
~—» D1 (I/O)
~—» DO (I/O)

Port 3

Figure8.10 Port 3 Pin Functions(Modes 1, 2, and 3 (EXPE =1))

Moaodes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 3 functions as host
interface data bus I/O pins (HDB7 to HDBO) or as /O ports. When the HI12E bitissetto 1in

SY SCR2 and atransition is made to slave mode, port 3 functions as the host interface data bus. In
slave mode, P3DR and P3DDR should be cleared to H'00. When the HI12E bit is cleared to O, port
3functionsasan 1/0 port, and input or output can be specified on a bit-by-bit basis. When abit in
P3DDR is set to 1, the corresponding pin functions as an output port, and when cleared to 0, as an
input port.

The port 3 pin functions are shown in figure 8.11.

l«—» P37 (1/0)/HDB7 (I/O)
<> P36 (I/0)/HDBS (I/O)
<> P35 (I/0)/HDBS (I/O)
«—» P34 (I/0)/HDB4 (I/O)
<> P33 (I/0)/HDBS3 (I/0)
<> P32 (I/0)/HDB2 (I/O)
<—» P31 (I/0)/HDBL1 (I/O)
<> P30 (I/0)/HDBO (I/O)

Port 3

Figure8.11 Port 3 Pin Functions (Modes 2 and 3 (EXPE = 0))
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84.4 MOS Input Pull-Up Function

Port 3 has a built-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in modes 2 and 3 (when EXPE = 0), and can be specified as on
or off on abit-by-bit basis.

When a P3DDR bit is cleared to 0 in mode 2 or 3 (when EXPE = 0), setting the corresponding
P3PCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior steteis retained in software standby mode.

Table 8.8 summarizes the MOS input pull-up states.

Table8.8 MOSInput Pull-Up States (Port 3)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2, 3(EXPE = 1) Off Off Off Off
2,3 (EXPE =0) Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off:On when P3DDR = 0 and P3PCR = 1; otherwise off.
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8.5 Port 4

85.1 Overview

Port 4 is an 8-hit I/O port. Port 4 pins also function as 14-bit PWM output pins (PWX1, PWXO0),
8-bit timer 0 and 1 (TMRO, TMR1) 1/O pins (TMCIO, TMRIO, TMOO, TMCI1, TMRI1, TMO1),
timer connection 1/0 pins (CSYNCI, HSYNCI, HSYNCO) (H85/2138 Series only), SCI2 /O pins
(TxD2, RxD2, SCK?2), IrDA interface I/O pins (IrTxD, IrRxD), host interface output pins
(HIRQ12, HIRQ1, HIRQ11) (H8S/2138 Series only), and the IIC1 I/O pin (SDA1) (optionin
H8S5/2138 Series only). Port 4 pin functions are the samein all operating modes.

Figure 8.12 shows the port 4 pin configuration.

Port 4 pins

~—» P47 (1/0)/PWX1 (Output)

— P46 (1/0)/PWXO0 (Output)

~—» P45 (/0)/TMRI1 (Input)/HIRQ12 (Output)/CSYNCI (Input)
~—w P44 (1/0)/TMO1 (Output)/HIRQ1 (Output)/HSYNCO (Output)
~—» P43 (I/0)/TMCI1 (Input)/HIRQ11 (Output)/HCYNCI (Input)
-~ P42 (1/0)/TMRIO (Input)/SCK2 (I/0)/SDAL1 (1/O)

~— P41 (I/0)/TMOO0 (Output)/RxD2 (Input)/IrRxD (Input)

~— P40 (I/0)/TMCIO (Input)/TxD2 (Output)/IrTxD (Output)

Port 4

Figure8.12 Port 4 Pin Functions

8.5.2 Register Configuration
Table 8.9 shows the port 4 register configuration.

Table8.9 Port 4 Registers

Name Abbreviation R/W Initial Value Address*
Port 4 data direction register PADDR W H'00 H'FFB5
Port 4 data register P4DR R/W H'00 H'FFB7

Note: * Lower 16 bits of the address.
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Port 4 Data Direction Register (P4ADDR)

Bit 7 6 5 4 3 2 1 0
P47DDR| P46DDR| P45DDR| P44DDR|P43DDR [P42DDR | P41DDR |P40DDR

Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W w W W w

PADDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 4. PADDR cannot be read; if it is, an undefined value will be returned.

When abit in PADDR is set to 1, the corresponding pin functions as an output port, and when
cleared to O, as an input port.

PADDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. As 14-bit PWM and SCI2 are initialized in software standby mode, the
pin states are determined by the TMRO, TMR1, HIF, I1C1, PADDR, and PADR specifications.

Port 4 Data Register (P4DR)

Bit 7 6 5 4 3 2 1 0
P47DR | P46DR | P45DR | P44DR | P43DR | P42DR | P41DR | P4A0ODR
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

PADR is an 8-bit readable/writable register that stores output data for the port 4 pins (P47 to P40).
If aport 4 read is performed while PADDR bits are set to 1, the PADR values are read directly,
regardless of the actual pin states. If aport 4 read is performed while PADDR bits are cleared to 0,
the pin states are read.

PADR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

85.3 Pin Functions

Port 4 pins aso function as 14-bit PWM output pins (PWX1, PWXO0), 8-bit timer 0 and 1 (TMRO,
TMR1) 1/O pins (TMCIO, TMRIO, TMOO, TMCI1, TMRI1, TMOL), timer connection 1/O pins
(CSYNCI, HSYNCI, HSYNCO), SCI2 1/0 pins (TxD2, RxD2, SCK?2), IrDA interface I/O pins
(IrTxD, IrRxD), host interface output pins (HIRQ12, HIRQ1, HIRQ11), and the IC1 I/O pin
(SDA1). The port 4 pin functions are shown in table 8.10.

205
RENESAS



Table8.10 Port 4 Pin Functions

Pin Selection Method and Pin Functions
P47/PWX1 The pin function is switched as shown below according to the combination of
bit OEB in DACR of 14-bit PWM, and bit P47DDR.
OEB 0 1
P47DDR 0 1 —
Pin function P47 input pin P47 output pin PWX1 output pin
P46/PWX0 The pin function is switched as shown below according to the combination of
bit OEA in DACR of 14-bit PWM, and bit P46DDR.
OEA 0 1
P46DDR 0 1 —
Pin function P46 input pin P46 output pin PWXO0 output pin
P45/TMRI1/ The pin function is switched as shown below according to the combination of

HIRQ12/CSYNCI

the operating mode and bit PASDDR.

P45DDR 0 1

Operating — Not slave mode Slave mode
mode

Pin function P45 input pin P45 output pin HIRQ12 output pin

TMRIL input pin, CSYNCI input pin

When bits CCLR1 and CCLRO in TCR1 of TMRL1 are set to 1, this pin is used
as the TMRI1 input pin. It can also be used as the CSYNCI input pin.

P44/TMO1/
HIRQ1/HSYNCO

The pin function is switched as shown below according to the combination of
the operating mode, bits OS3 to OS0 in TCSR of TMRL1, bit HOE in TCONRO
of the timer connection function, and bit P44DDR.

HOE 0 1

0S3to OSO All 0 Not all 0 —

P44DDR 0 1 — —

Operating — Not slave Slave — —

mode mode mode

Pin function P44 P44 HIRQ1 TMO1 HSYNCO
input pin | output pin | output pin | output pin | output pin
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Pin

Selection Method and Pin Functions

P43/TMCI1/
HIRQ11/HSYNCI

The pin function is switched as shown below according to the combination of
the operating mode and bit PA3DDR.

P43DDR 0 1

Operating — Not slave mode Slave mode

mode

Pin function P43 input pin P43 output pin HIRQ11 output pin
TMCI1 input pin, HSYNCI input pin

When an external clock is selected with bits CKS2 to CKSO0 in TCR1 of TMR1,
this pin is used as the TMCI1 input pin. It can also be used as the HSYNCI
input pin.

P42/TMRIO/
SCK2/SDA1

The pin function is switched as shown below according to the combination of
bit ICE in ICCR of IIC1, bits CKE1 and CKEQ in SCR of SCI2, bit C/A in SMR
of SCI2, and bit P42DDR.

ICE 0 1

CKE1 0 1 0

C/IA 0 1 — 0

CKEO 0 1 — — 0

P42DDR 0 1 — — — —

Pin function P42 P42 SCK2 SCK2 SCK2 SDAl1
input pin |output pin|output pin|output pin| input pin | 1/O pin

TMRIO input pin

When this pin is used as the SDAL I/O pin, bits CKE1 and CKEO in SCR of
SCI2 and bit C/A in SMR of SCI2 must all be cleared to 0. SDA1 is an NMOS-
only output, and has direct bus drive capability.

When bits CCLR1 and CCLRO in TCRO of TMRO are set to 1, this pin is used
as the TMRIO input pin.

207
RENESAS



Pin Selection Method and Pin Functions

P41/TMOO/RxD2/ The pin function is switched as shown below according to the combination of

IrRxD bits OS3 to OS0 in TCSR of TMRO, bit RE in SCR of SCI2 and bit P41DDR.
0S3to OSO AllO Not all 0
RE 0 1 0
P41DDR 0 1 — —
Pin function P41 P41 RxD2/IrRxD TMOO0
input pin output pin input pin output pin
When this pin is used as the TMOO output pin, bit RE in SCR of SCI2 must be
cleared to 0.

P40/TMCIO/TxD2/ The pin function is switched as shown below according to the combination of

IrTxD bit TE in SCR of SCI2 and bit PAODDR.
TE 0 1
P40DDR 0 1 —
Pin function P40 P40 TxD2/IrTxD
input pin output pin output pin
TMCIO input pin

When an external clock is selected with bits CKS2 to CKSO0 in TCRO of TMRO,
this pin is used as the TMCIO input pin.
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8.6 Port 5

8.6.1 Overview

Port 5isa 3-hit 1/O port. Port 5 pins also function as SCI0 1/O pins (TxDO0, RxDO0, SCKO0), and the
I1CO /O pin (SCLO) (option in H8S/2138 Series only). In the H8S/2138 Series, P52 and SCKO are
NMOS push-pull outputs, and SCLO is an NMOS open-drain output. Port 5 pin functions are the

samein all operating modes.

Figure 8.13 shows the port 5 pin configuration.

Port 5 pins

~—» P52 (1/0)/SCKO (I/0)/SCLO (I/0)
Port5 \e = P51 (1/0)/RxDO (Input)
~—» P50 (I/0)/TxDO0 (Output)

Figure8.13 Port 5 Pin Functions

8.6.2 Register Configuration
Table 8.11 shows the port 5 register configuration.

Table8.11 Port 5Registers

Name Abbreviation R/W Initial Value Address*
Port 5 data direction register PSDDR w H'F8 H'FFB8
Port 5 data register P5DR R/W H'F8 H'FFBA

Note: * Lower 16 bits of the address.
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Port 5 Data Direction Register (P5DDR)

Bit 7 6 5 4 3 2 1 0

— — — — — P52DDR | P51DDR|P50DDR
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — W w w

P5DDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port 5. PSDDR cannot be read; if it is, an undefined value will be returned. Bits 7 to 3 are
reserved.

Setting a PSDDR hit to 1 makes the corresponding port 5 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P5DDR isinitialized to H'F8 by areset and in hardware standby mode. It retains its prior statein
software standby mode. As SCI0 isinitialized, the pin states are determined by the 11CO ICCR,
P5DDR, and P5DR specifications.

Port 5 Data Register (P5SDR)

Bit 7 6 5 4 3 2 1 0

— — — — — P52DR | P51DR | P50DR
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

P5DR is an 8-bit readable/writable register that stores output data for the port 5 pins (P52 to P50).
If aport 5 read is performed while PSDDR bits are set to 1, the PSDR values are read directly,
regardless of the actual pin states. If aport 5 read is performed while PSDDR bits are cleared to O,
the pin states are read.

Bits 7 to 3 are reserved; they cannot be modified and are always read as 1.

P5DR isinitialized to H'F8 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.6.3

Pin Functions

Port 5 pins also function as SCI0 /O pins (TxDO0, RxDO, SCK0) and the 11CO I/O pin (SCLO). The
port 5 pin functions are shown in table 8.12.

Table8.12 Port 5 Pin Functions

Pin Selection Method and Pin Functions
P52/SCKO/SCLO  The pin function is switched as shown below according to the combination of
bits CKE1 and CKEO in SCR of SCIO, bit C/A in SMR of SCIO, bit ICE in ICCR
of 1ICO, and bit P52DDR.
ICE 0 1
CKE1 0 1 0
C/A 0 1 — 0
CKEO 0 1 — — 0
P52DDR 0 1 — — — —
Pin function P52 P52 SCKO SCKO SCKO SCLO
input pin |output pin |output pin|output pin| input pin | 1/O pin
When this pin is used as the SCLO I/O pin, bits CKE1 and CKEO in SCR of
SCI0 and bit C/A in SMR of SCI0 must all be cleared to 0.
SCLO is an NMOS open-drain output, and has direct bus drive capability.
In the H8S/2138 Series, when set as the P52 output pin or SCKO output pin,
this pin is an NMOS push-pull output.
P51/RxD0 The pin function is switched as shown below according to the combination of
bit RE in SCR of SCIO and bit P51DDR.
RE 0 1
P51DDR 0 1 —
Pin function P51 input pin P51 output pin RxDO input pin
P50/TxD0 The pin function is switched as shown below according to the combination of

bit TE in SCR of SCI0 and bit P5S0DDR.

TE 0 1
P50DDR 0 1 —
Pin function P50 input pin P50 output pin TxDO output pin
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8.7 Port 6

87.1 Overview

Port 6 is an 8-bit 1/0 port. Port 6 pins also function as the 16-bit free-running timer (FRT) 1/O pins
(FTOA, FTOB, FTIA to FTID, FTCI), timer X (TMRX) 1/O pins (TMOX, TMIX) (H85/2138
Seriesonly), thetimer Y (TMRY) input pin (TMIY), timer connection 1/0 pins (HFBACKI,
VSYNCI, VSYNCO, VFBACKI, CLAMPO) (H85/2138 Series only), key-sense interrupt input
pins (KIN7 to KINO), expansion A/D converter input pins (CIN7 to CINO), and external interrupt
input pins (IRQ7, IRQ6). In the H8S/2138 Series, the port 6 input level can be switched in four
stages. Port 6 pin functions are the samein all operating modes.

Figure 8.14 shows the port 6 pin configuration.

Port 6 pins

— P67 (I1/0)/TMOX (Output)/KIN7 (Input)/CIN7 (Input)/IRQ7 (Input)

+—» P66 (I/0)/FTOB (Output)/KING (Input)/CING (Input)/IRQ6 (Input)

— P65 (I/0)/FTID (Input)/KIN5 (Input)/CIN5 (Input)

e— P64 (I/O)/FTIC (Input)/KINZ (Input)/CIN4 (Input)/ CLAMPO (Output)

a— P63 (I/0)/FTIB (Input)/KIN3 (Input)/CIN3 (Input)/VFBACKI (Input)

~—= P62 (I/O)/FTIA (Input)/KIN2 (Input)/CIN2 (Input)/VSYNCI (Input)/ TMIY (Input)
- P61 (I/0)/FTOA (Output)/KINT (Input)/CIN1 (Input)/VSYNCO (Output)

—= P60 (I/0O)/FTCI (Input)/KINO (Input)/CINO (Input)/HFBACKI (Input)/ TMIX (Input)

Port 6

Figure8.14 Port 6 Pin Functions
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8.7.2 Register Configuration

Table 8.13 shows the port 6 register configuration.

Table8.13 Port 6 Registers

Name Abbreviation R/W Initial Value  Address**
Port 6 data direction register P6DDR W H'00 H'FFB9
Port 6 data register P6DR R/W H'00 H'FFBB
Port 6 MOS pull-up control register KMPCR R/W H'00 H'FFF2*2
System control register 2 SYSCR2 R/W H'00 H'FF83

Notes: 1. Lower 16 bits of the address.

2. KMPCR has the same address as TICRR/TCORAY of TMRX/TMRY. To select
KMPCR, set the HIF bit to 1 in SYSCR and clear the MSTP2 bit to 0 in MSTPCRL.

Port 6 Data Direction Register (P6DDR)

Bit 7 6 5 4 3 2 1 0
P67DDR | P66DDR| P65DDR| P64DDR|P63DDR |P62DDR | P61DDR |P60DDR

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

P6DDR is an 8-bit write-only register, the individua bits of which specify input or output for the
pins of port 6. PBDDR cannot be read; if it is, an undefined value will be returned.

Setting a P6DDR hit to 1 makes the corresponding port 6 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P6DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein

software standby mode.
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Port 6 Data Register (P6DR)

Bit 7 6 5 4 3 2 1 0
P67DR | P66DR | P65DR | P64DR | P63DR | P62DR | P61DR | P60DR
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

P6DR is an 8-bit readable/writable register that stores output data for the port 6 pins (P67 to P60).
If aport 6 read is performed while PBDDR bits are set to 1, the P6DR values are read directly,
regardless of the actual pin states. If aport 6 read is performed while PGDDR bits are cleared to O,
the pin states are read.

PEDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 6 MOS Pull-Up Control Register (KMPCR)

Bit 7 6 5 4 3 2 1 0
‘ KM7PCR‘ KMGPCR‘ KM5PCR‘ KM4PCR‘ KMSPCR‘ KM2PCR‘ KMlPCR‘ KMOPCR‘
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
KMPCR is an 8-bit readable/writable register that controls the port 6 built-in MOS input pull-ups
on abit-by-bit basis.

The MOS input pull-up isturned on when a KMPCR bit is set to 1 while the corresponding
P6DDR bit is cleared to O (input port setting).

KMPCR isinitialized to H'00 by areset and in hardware standby mode. It retains its prior state in
software standby mode.
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System Control Register 2 (SYSCR2) [H85/2138 Series Only]

Bit 7 6 5 4 3 2 1 0

| KWULL| KWULO | PBPUE| — | SDE | CS4E | CS3E | HIL2E |
Initial value 0 0 0 0 0 0 0 0
ReadWrite ~ RW  RW  RMW — RW RW RW  RW

SY SCR2 is an 8-hit readable/writable register that controls port 6 input level selection and the
operation of host interface functions.

Only bits 7, 6, and 5 are described here. See section 17.2.2, System Control Register 2 (SY SCR2),
for information on bits 4 to 0.

SYSCR2 isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Key Wakeup Level 1 and 0 (KWUL 1, KWULO): The port 6 input level setting
can be changed by software, using these bits. The setting of these bits also changes the input level
of the pin functions multiplexed with port 6.

Bit 7 Bit 6

KWUL1 KWULO Description

0 0 Standard input level is selected as port 6 input level  (Initial value)
1 Input level 1 is selected as port 6 input level

1 0 Input level 2 is selected as port 6 input level
1 Input level 3 is selected as port 6 input level

Bit 5—Port 6 Input Pull-Up Extra (P6PUE): Controls and selects the current specification for
the port 6 MOS input pull-up function connected by means of KMPCR settings.

Bit 5
P6PUE Description
0 Standard current specification is selected for port 6 MOS input pull-up function
(Initial value)
1 Current-limit specification is selected for port 6 MOS input pull-up function
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8.7.3

Pin Functions

Port 6 pins also function as the 16-bit free-running timer (FRT) 1/O pins (FTOA, FTOB, FTIA to
FTID, FTCI), timer X (TMRX) 1/O pins (TMOX, TMIX), thetimer Y (TMRY) input pin (TMI1Y),
timer connection /O pins (HFBACKI, VSYNCI, VSYNCO, VFBACKI, CLAMPO), key-sense
interrupt input pins (KIN7 to KIN0), expansion A/D converter input pins (CIN7 to CINO), and
external interrupt input pins (IRQ7, IRQ6). In the H8S/2138 Series, the port 6 input level can be
switched in four stages. The port 6 pin functions are shown in table 8.14.

Table8.14 Port 6 Pin Functions

Pin

Selection Method and Pin Functions

P67/TMOX/IRQ7/
KIN7/CIN7

The pin function is switched as shown below according to the combination of
bits OS3 to OS0 in TCSR of TMRX and bit P67DDR.

0S3to OSO AllO Not all 0
P67DDR 0 1 —
Pin function P67 input pin P67 output pin TMOX output pin

IRQ7 input pin, KIN7 input pin, CIN7 input pin

This pin is used as the IRQ7 input pin when bit IRQ7E is setto 1 in IER.
It can always be used as the KIN7 or CIN7 input pin.

P66/FTOB/IRQ6/
KING/CING

The pin function is switched as shown below according to the combination of
bit OEB in TOCR of the FRT and bit P66DDR.

OEB 0 1
P66DDR 0 1 —
Pin function P66 input pin P66 output pin FTOB output pin

IRQ6 input pin, KING input pin, CIN6 input pin

This pin is used as the IRQ6 input pin when bit IRQ6E is setto 1 in IER.
It can always be used as the KIN6 or CIN6 input pin.

P65/FTID/KINS/
CIN5

P65DDR

0

1

Pin function

P65 input pin

P65 output pin

FTID input pin, KIN5 input pin, CIN5 input pin

This pin can always be used as the FTID, KIN5, or CIN5 input pin.
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Pin

Selection Method and Pin Functions

P64/FTIC/KIN4/
CIN4/CLAMPO

The pin function is switched as shown below according to the combination of
bit CLOE in TCONRO of the timer connection function and bit P64DDR.

CLOE 0 1

P64DDR 0 1 —
Pin function P64 P64 CLAMPO
input pin output pin output pin

FTIC input pin, KIN4 input pin, CIN4 input pin

This pin can always be used as the FTIC, KIN4, or CIN4 input pin.

P63/FTIB/KIN3/
CIN3/VFBACKI

P63DDR

0

1

Pin function

P63 input pin

P63 output pin

FTIB input pin, VFBACKI input pin, KIN3 input pin,
CIN3 input pin

This pin can always be used as the FTIB, KIN3, CIN3, or VFBACKI input pin.

P62/FTIA/TMIY/ P62DDR 0 1
KIN2/CIN2/ Pin function P62 input pin P62 output pin
VSYNCI
FTIA input pin, VSYNCI input pin, TMIY input pin,
KINZ2 input pin, CIN2 input pin

This pin can always be used as the FTIA, TMIY, KIN2, CIN2, or VSYNCI input

pin.
P61/FTOA/KIN1/  The pin function is switched as shown below according to the combination of

CIN1/VSYNCO

bit OEA in TOCR of the FRT, bit VOE in TCONRO of the timer connection
function, and bit P61DDR.

VOE 0

OEA 0 1 0

P61DDR 0 1 — —

Pin function P61 P61 FTOA VSYNCO
input pin output pin output pin output pin

KIN1 input pin, CIN1 input pin

When this pin is used as the VSYNCO pin, bit OEA in TOCR of the FRT must

be cleared to 0.

This pin can always be used as the KIN1 or CIN1 input pin.
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Pin Selection Method and Pin Functions

P60/FTCI/TMIX/ P60DDR 0 1
KINO/CING/ Pin function P60 input pin P60 output pin
HFBACKI

FTCI input pin, HFBACKI input pin, TMIX input pin,
KINO input pin, CINO input pin

This pin is used as the FTCI input pin when an external clock is selected with
bits CKS1 and CKSO0 in TCR of the FRT.

It can always be used as the TMIX, KINO, CINO, or HFBACKI input pin.

8.74 MOS Input Pull-Up Function

Port 6 has abuilt-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in any operating mode, and can be specified as on or off on a
bit-by-bit basis.

When a P6DDR bit is cleared to O, setting the corresponding KMPCR bit to 1 turns on the MOS
input pull-up for that pin. The MOS input pull-up current specification can be changed by means
of the PEBPUE bit. When a pin is designated as an on-chip supporting module output pin, the MOS
input pull-up is always off.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior stateis retained in software standby mode.

Table 8.15 summarizes the MOS input pull-up states.

Table8.15 MOSInput Pull-Up States (Port 6)

Hardware Software
Mode Reset Standby Mode Standby Mode In Other Operations
1,2,3 Off Off On/Off On/Off

Legend:
Off: ~ MOS input pull-up is always off.
On/Off: On when P6DDR = 0 and KMPCR = 1; otherwise off.
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8.8 Port 7

8.8.1 Overview

Port 7 is an 8-bit input port. Port 7 pins also function as the A/D converter analog input pins (ANO
to AN7) and D/A converter analog output pins (DAO, DA1). Port 7 functions are the samein all
operating modes.

Figure 8.15 shows the port 7 pin configuration.

Port 7 pins

~—» P77 (Input)/AN7 (Input)/DA1 (Output)
~— P76 (Input)/AN6 (Input)/DAO (Output)
~—— P75 (Input)/AN5 (Input)
~—— P74 (Input)/AN4 (Input)
~—— P73 (Input)/AN3 (Input)
~—— P72 (Input)/AN2 (Input)
~—— P71 (Input)/AN1 (Input)
~—— P70 (Input)/ANO (Input)

Port 7

Figure8.15 Port 7 Pin Functions

8.8.2 Register Configuration

Table 8.16 shows the port 7 register configuration. Port 7 is an input-only port, and does not have
adata direction register or data register.

Table8.16 Port 7 Registers

Name Abbreviation R/W Initial Value Address*
Port 7 input data register P7PIN R Undefined H'FFBE
Note: * Lower 16 bits of the address.
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Port 7 Input Data Register (P7PIN)

Bit 7 6 5 4 3 2 1 0
P77PIN | P76PIN | P75PIN | P74PIN | P73PIN | P72PIN | P71PIN | P70PIN

Initial value —* —* —* —* —* —* —* —*

Read/Write R R R R R R R R

Note: * Determined by the state of pins P77 to P70.
When a P7PIN read is performed, the pin states are always read.

8.8.3 Pin Functions

Port 7 pins also function as the A/D converter analog input pins (ANO to AN7) and D/A converter
analog output pins (DAO, DA1).

8.9 Port 8

8.9.1 Overview

Port 8 is an 8-hit I/O port. Port 8 pins also function as SCI1 /O pins (TxD1, RxD1, SCK1), the
[1C1 1/0 pin (SCL1) (option in H8S/2138 Series only), HIF 1/O pins (CS2, GA20, HAO, HIFSD)
(H8S/2138 Series only), and external interrupt input pins (IRQ5 to IRQ3). Port 8 pin functions are
the samein all operating modes. Figure 8.16 shows the port 8 pin configuration.

Port 8 pins

= P86 (I/0)/IRQ5 (Input)/SCK1 (1/0)/SCL1 (I/0)
=—» P85 (I/0)/IRQ4 (Input)/RxD1 (Input)

=—= P84 (I/0)/IRQ3 (Input)/TxD1 (Output)

Port8 e = P83 (1/0)

~—» P82 (I/O)/HIFSD (Input)

—» P81 (1/0)/CS2 (Input)/GA20 (Output)

~—» P80 (I/O)/HAO (Input)

Figure8.16 Port 8 Pin Functions
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8.9.2 Register Configuration
Table 8.17 summarizes the port 8 registers.

Table8.17 Port 8 Registers

Name Abbreviation R/W Initial Value Address*
Port 8 data direction register P8DDR w H'80 H'FFBD
Port 8 data register P8DR R/W H'80 H'FFBF

Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (PSDDR)

Bit 7 6 5 4 3 2 1 0

| — | P86DDR|P85DDR| P84DDR P83DDR| P82DDR| P81DDR| PBODDR|
Initial value 1 0 0 0 0 0 0 0
Read/Write — w w W w w W w

P8DDR isa 7-bit write-only register, the individual bits of which specify input or output for the
pins of port 8.

Setting a PBDDR hit to 1 makes the corresponding port 8 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P8DDR isinitialized to H'80 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 8 Data Register (PS8DR)

Bit 7 6 5 4 3 2 1 0

| — | P86DR | P85DR | P84DR | P83DR | P82DR | P81DR | P8ODR |
Initial value 1 0 0 0 0 0 0 0
Read/Write ~ — RW RW RW RW RW RW  RW

P8DR is a 7-bit readable/writable register that stores output data for the port 8 pins (P86 to P80). If
aport 8 read is performed while PBDDR bits are set to 1, the PBDR values are read directly,
regardless of the actual pin states. If aport 8 read is performed while PBDDR bits are cleared to O,
the pin states are read.

P8DR isinitialized to H'80 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.9.3 Pin Functions

Port 8 pins also function as SCI1 1/0 pins (TxD1, RxD1, SCK 1), the [IC1 1/ pin (SCL1), HIF
1/0 pins (CS2, GA20, HAO, HIFSD), and external interrupt input pins (IRQ5 toIRQ3). The port 8
pin functions are shown in table 8.18.

Table8.18 Port 8 Pin Functions

Pin Selection Method and Pin Functions

P86/IRQ5/SCK1/  The pin function is switched as shown below according to the combination of

SCL1 bits CKE1 and CKEO in SCR of SCI1, bit C/A in SMR of SCI1, bit ICE in ICCR
of IIC1, and bit P86DDR.
ICE 0 1
CKE1 0 1 0
C/A 0 1 — 0
CKEO 0 1 — — 0
P86DDR 0 1 — — — —
Pin function P86 P86 SCK1 SCK1 SCK1 SCL1
input pin |output pin|output pin|output pin| input pin | 1/O pin
TRQ5 input pin

When the IRQ5E bit in IER is set to 1, this pin is used as the IRQ5 input pin.
When this pin is used as the SCL1 I/O pin, bits CKE1 and CKEO in SCR of
SCI1 and bit C/A in SMR of SCI1 must all be cleared to 0. SCL1 is an NMOS-
only output, and has direct bus drive capability.

P85/IRQ4/RxD1  The pin function is switched as shown below according to the combination of
bit RE in SCR of SCI1 and bit PB5DDR.

RE 0 1

P85DDR 0 1 —

Pin function P85 input pin P85 output pin RxD1 input pin
TRQ4 input pin

When the IRQ4E bit in IER is set to 1, this pin is used as the IRQ4 input pin.

222
RENESAS



Pin

Selection Method and Pin Functions

P84/IRQ3/TxD1

The pin function is switched as shown below according to the combination of
bit TE in SCR of SCI1 and bit P8B4DDR.

TE 0 1
P84DDR 0 1 —
Pin function P84 input pin P84 output pin TxD1 output pin

IRQS3 input pin

When the IRQ3E bit in IER is set to 1, this pin is used as the IRQS input pin.

P83 The pin function is switched as shown below according to bit P83DDR.
P83DDR 0 1
Pin function P83 input pin P83 output pin
P82/HIFSD The pin function is switched as shown below according to the combination of
operating mode, bit SDE in SYSCR2 of the HIF, and bit P82DDR.
Operating Not slave mode Slave mode
mode
SDE — 0 1
P82DDR 0 1 0 1 —
Pin function P82 P82 P82 P82 HIFSD
input pin | output pin | inputpin | outputpin | input pin
P81/GA20/CS2 The pin function is switched as shown below according to the combination of

operating mode, bit CS2E, bit FGA20E in HICR of the HIF, and bit PB1DDR.

Operating Not slave mode Slave mode

mode

FGA20E — 0 1

CS2E — 1 —

P81DDR 0 1 0 1 — 0 1

Pin function P81 P81 P81 P81 CSs2 P81 GA20
input | output | input | output | input input | output

pin pin pin pin pin pin pin

This pin should be used as the GA20 or CS2 output pin only in mode 2 or 3

(EXPE = 0).
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Pin

Selection Method and Pin Functions

P80/HAO The pin function is switched as shown below according to the combination of
operating mode and bit PBODDR.
Operating Not slave mode Slave mode
mode
P8ODDR 0 1 —
Pin function P80 input pin P80 output pin HAO input pin
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8.10 Port 9

8.10.1 Overview

Port 9 isan 8-bit I/O port. Port 9 pins also function as external interrupt input pins (IRQO to
IRQ?2), the A/D converter external trigger input pin (ADTRG), host interface input pins (ECS2,
CS1, IOW, IOR) (H8S/2138 Series only), the 11C0 1/0 pin (SDAO) (option in H8S/2138 Series

the system clock (@) output pin. In the H8S/2138 Series, P97 is an NMOS push-pull output. SDAO
isan NMOS open-drain output, and has direct bus drive capability.

Figure 8.17 shows the port 9 pin configuration.

Port 9 pins Pin functions in modes 1, 2 and 3 (EXPE = 1)
- P97/WAIT/SDAO WAIT (Input)/P97 (1/0)/SDAO (I/0)
~— P96/g/EXCL @ (Output)/P96 (Input)/EXCL (Input)
+—» P95/AS/IOS/CST AS (Output)/IOS (Output)
Porto [ P94/ WR/IOW WR (Output)
~—» P93/RD/IOR RD (Output)
-—» P92/IRQ0 P92 (1/0)/IRQO (Input)
e P91/IRQT P91 (I/0)/IRQT (Input)
~— P90/IRQ2/ADTRG/ECS2 P90 (I/0)/IRQ2 (Input)/ADTRG (Input)

Pin functions in modes 2 and 3 (EXPE = 0)

P97 (1/0)/SDAO (I/O)

P96 (Input)/@ (Output)/EXCL (Input)

P95 (1/0)/CST (Input)

P94 (1/0)/IOW (Input)

P93 (1/0)/IOR (Input)

P92 (1/0)1RQO (Input)

P91 (I/O)IRQT (Input)

P90 (I/0)/IRQ2 (Input)/ADTRG (Input)/ECS2 (Input)

Figure8.17 Port 9 Pin Functions
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8.10.2 Register Configuration
Table 8.19 summarizes the port 9 registers.

Table8.19 Port 9 Registers

Name Abbreviation R/W Initial Value Address™
Port 9 data direction register PO9DDR w H'40/H'00*? H'FFCO
Port 9 data register PIDR R/W H'00 H'FFC1

Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.

Port 9 Data Direction Register (PODDR)

Bit 7 6 5 4 3 2 1 0
’ P97DDR] P96DDR‘ P95DDR’ P94DDR] P93DDR‘ P92DDR’ P91DDR] P90DDR‘

Mode 1

Initial value 0 1 0 0 0 0 0 0

Read/Write w W W w W W w W
Modes 2 and 3

Initial value 0 0 0 0 0 0 0 0

Read/Write w W W w W W w

PODDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 9. PODDR cannot be read; if it is, an undefined value will be returned.

PODDR isinitialized to H'40 (mode 1) or H'00 (modes 2 and 3) by areset and in hardware standby
mode. It retainsits prior state in software standby mode.

* Modes1, 2, and 3 (EXPE=1)
Pin P97 functions as a bus control input (WAIT), the [1CO I/O pin (SDAOQ), or an 1/O port,
according to the wait mode setting. When P97 functions as an 1/0 port, it becomes an output
port when P97DDR is set to 1, and an input port when PO7DDR is cleared to O.
Pin P96 functions as the g output pin when P96DDR is set to 1, and as the subclock input
(EXCL) or an input port when P96DDR is cleared to 0.
Pins P95 to P93 automatically become bus control outputs (AS/IOS, WR, RD), regardless of
the input/output direction indicated by POSDDR to PO93DDR.
Pins P92 and P90 become output ports when P92DDR and P9ODDR are set to 1, and input
ports when P92DDR and P91DDR are cleared to 0.
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+ Modes2 and 3 (EXPE = 0)

When the corresponding PODDR bits are set to 1, pin P96 functions as the g output pin and
pins P97 and P95 to PA0 become output ports. When PODDR bits are cleared to O, the
corresponding pins become input ports.

Port 9 Data Register (P9DR)

Bit 7 6 5 4 3 2 1 0
| P97DR | P96DR | P95DR | P94DR | P93DR | P92DR | P91DR | P9ODR |

Initial value 0 —* 0 0 0 0 0 0

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

Note: * Determined by the state of pin P96.

PODR is an 8-bit readable/writable register that stores output data for the port 9 pins (P97 to P0).
With the exception of P96, if aport 9 read is performed while PODDR bits are set to 1, the PODR
values are read directly, regardless of the actual pin states. If aport 9 read is performed while
PODDR hits are cleared to 0, the pin states are read.

PODR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

8.10.3 Pin Functions

Port 9 pins also function as external interrupt input pins (IRQO to IRQ2), the A/D converter trigger
input pin (ADTRG), HIF input pins (ECS2, CS1, IOW, IOR), the 11CO0 1/0 pin (SDAO), the

system clock (@) output pin. The pin functions differ between the mode 1, 2, and 3 (EXPE = 1)
expanded modes and the mode 2 and 3 (EXPE = 0) single-chip modes. The port 9 pin functions
are shown in table 8.20.
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Table8.20 Port 9 Pin Functions

Pin Selection Method and Pin Functions

P97/WAIT/SDAO  The pin function is switched as shown below according to the combination of
operating mode, bit WMS1 in WSCR, bit ICE in ICCR of 1ICO, and bit P97DDR.

Operating Modes 1, 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)
mode

WMS1 0 1 —

ICE 0 1 — 0 1
P97DDR 0 1 — — 0 1 —

Pin function | P97 P97 | SDAO | WAIT P97 P97 SDAO
input | output | I/O pin | input input | output | I/O pin

pin pin pin pin pin
In the H8S/2138 Series, when this pin is set as the P97 output pin, it is an
NMOS push-pull output. SDAO is an NMOS open-drain output, and has direct
bus drive capability.

P96/a/EXCL The pin function is switched as shown below according to the combination of
bit EXCLE in LPWRCR and bit P96DDR.
P96DDR 0 1
EXCLE 0 1 0
Pin function P96 input pin EXCL input pin @ output pin

When this pin is used as the EXCL input pin, P96DDR should be cleared to 0.

P95/AS/IOS/CS1  The pin function is switched as shown below according to the combination of
operating mode, bit IOSE in SYSCR, bit HI12E in SYSCR2, and bit PO95DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
HI12E — 0 1
P95DDR — 0 1 —
IOSE 0 1 — — —
Pin function AS 10S P95 P95 Cs1
output pin | output pin | input pin | output pin | input pin
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Pin

Selection Method and Pin Functions

P94/WR/IOW The pin function is switched as shown below according to the combination of
operating mode, bit HI12E in SYSCR2, and bit P94DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
HI12E — 0 1
P94DDR — 0 1 —
Pin function WR P94 P94 oW
output pin input pin output pin input pin
P93/RD/IOR The pin function is switched as shown below according to the combination of
operating mode, bit HI12E in SYSCR2, and bit P93DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
HI12E — 0 1
P93DDR — 0 1 —
Pin function | RD output pin | P93 input pin | P93 output pin | T1OR input pin
P92/IRQO P92DDR 0 1
Pin function P92 input pin P92 output pin
TRQO input pin
When bit IRQOE in IER is set to 1, this pin is used as the IRQO input pin.
PIL/IRQT P91DDR 0 1
Pin function P91 input pin P91 output pin

IRQ1 input pin

When bit IRQ1E in IER is set to 1, this pin is used as the IRQ1 input pin.
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Pin

Selection Method and Pin Functions

P9O0/IRQ2/ The pin function is switched as shown below according to the combination of
ADTRG/ECS2 operating mode, bits HI12E and CS2E in SYSCR2, bit FGA20E in HICR, and
bit PO9ODDR.
Operating Modes 1, 2, 3 Modes 2, 3
mode (EXPE =1) (EXPE =0)
HI12E — Any one O 1
FGA20E — 1
CS2E — 1
P90DDR 0 1 0 1 —
Pin function P90 P90 P90 P90 ECS2
input pin | output pin | inputpin | outputpin | input pin
IRQ2 input pin, ADTRG input pin
When the IRQ2E bit in IER is set to 1, this pin is used as the IRQ2 input pin.
When TRGS1 and TRGSO in ADCR of the A/D converter are both set to 1, this
pin is used as the ADTRG input pin.
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Section 9 8-Bit PWM Timers[H85/2138 Series)

9.1 Overview

The H8/2138 Series has an on-chip pulse width modulation (PWM) timer module with sixteen
outputs. Sixteen output waveforms are generated from a common time base, enabling PWM
output with a high carrier frequency to be produced using pulse division. The PWM timer module
has sixteen 8-bit PWM data registers (PWDRS), and an output pulse with a duty cycle of 0 to
100% can be obtained as specified by PWDR and the port data register (P1DR or P2DR).

911 Features
The PWM timer module has the following features.

e Operable at amaximum carrier frequency of 1.25 MHz using pulse division (at 20 MHz
operation)

e Duty cyclesfrom 0 to 100% with 1/256 resolution (100% duty realized by port output)

« Direct or inverted PWM output, and PWM output enable/disable control
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9.12 Block Diagram

Figure 9.1 shows a block diagram of the PWM timer module.

P10/PWOQ ~&—j - E Comparator0 <—1 PWDRO > |Module E
P11/PW1 ~+—] -t : Comparator 1 <—1 PWDR1 —— data bus E
P12/PW2 ~—| - | Comparator2 K———| PWDR2 K —— ;
P13/PW3 ~——] - : Comparator3 K_—1 PWDR3 K _—— E
P14/PW4 ~—| - | Comparator4 K1 PWDR4 [
P15/PW5 ~——| g - — Comparator5 K| PWDR5 [ |
P16/PWE - S | r—| Comparator 6 k—— PWDR6 [ o ¢ Internal
P17/PW7 ~——] E-. l«————— 1 Comparator 7 K—— PWDR7 KK _—— % 1 data bus
3 : ] N e I S e—

P20/PW8 ~— ; - i Comparator 8 K_—1] PWDRS S o E
P21/PW9 +— = |= L Comparator9 K_—1 PWDR9 K _—— a '
P22/PW10 <—— %‘ - Comparator 10K PWDR10 K_——
P23/PW1l +— & |= +—{ Comparator 11K———| PWDR11 K _—— :
P24/PW12 <—— - | Comparator 12k~ PwDR12 K—— ;
P25/PW13 < - — Comparator 13k——— PWDRI3 [———
P26/PW14 ~—| - ~—| Comparator 14k———| PWDR14 (——
P27/PW15 <—— - +—| Comparator 151 PWDR15 <

PWDPRB | PWDPRA [ toNT le— ok [+ PwsL

PWOERB PWOERA selection

P2DDR P1DDR T T
P2DR P1DR
/16
2/8
Legend: 212 ol4
PWSL: PWM register select 2
PWDR:  PWM data register Internal clock

PWDPRA: PWM data polarity register A
PWDPRB: PWM data polarity register B
PWOERA: PWM output enable register A
PWOERB: PWM output enable register B
PCSR: Peripheral clock select register
P1DDR:  Port 1 data direction register
P2DDR:  Port 2 data direction register
P1DR: Port 1 data register

P2DR: Port 2 data register

Figure9.1 Block Diagram of PWM Timer Module
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9.13 Pin Configuration
Table 9.1 shows the PWM output pin.

Table9.1 Pin Configuration

Name Abbreviation 110

Function

PWM output pin 0 to 15 PWO to PW15 Output

PWM timer pulse output O to 15

9.14 Register Configuration
Table 9.2 lists the registers of the PWM timer module.

Table9.2 PWM Timer Module Registers

Name Abbreviation R/W Initial Value Address**
PWM register select PWSL R/W H'20 H'FFD6
PWM data registers 0 to 15 PWDRO to R/W H'00 H'FFD7
PWDR15
PWM data polarity register A PWDPRA R/W H'00 H'FFD5
PWM data polarity register B PWDPRB R/W H'00 H'FFD4
PWM output enable register A PWOERA R/W H'00 H'FFD3
PWM output enable register B PWOERB R/W H'00 H'FFD2
Port 1 data direction register P1DDR w H'00 H'FFBO
Port 2 data direction register P2DDR w H'00 H'FFB1
Port 1 data register P1DR R/W H'00 H'FFB2
Port 2 data register P2DR R/W H'00 H'FFB3
Peripheral clock select register PCSR R/W H'00 H'FFg82**
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Note: 1. Lower 16 bits of the address.

2. Some registers in the 8-bit timer are assigned in the same addresses as other registers.
In this case, register selection is performed by the FLSHE bit in the serial timer control

register (STCR).
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9.2 Register Descriptions

921  PWM Register Select (PWSL)

Bit 7 6 5 4 3 2 1 0

‘ PWCKE‘ PWCKS‘ — ‘ — ‘ RS3 ‘ RS2 ‘ RS1 ‘ RSO ‘
Initial value 0 0 1 0 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

PWSL is an 8-bit readable/writable register used to select the PWM timer input clock and the
PWM dataregister.

PWSL isinitialized to H'20 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 and 6—PWM Clock Enable, PWM Clock Select (PWCKE, PWCKYS): These hits,
together with bits PWCKA and PWCKB in PCSR, select theinternal clock input to TCNT in the
PWM timer.

PWSL PCSR
Bit 7 Bit 6 Bit 2 Bit 1
PWCKE PWCKS PWCKB PWCKA Description
0 — — — Clock input is disabled (Initial value)
1 0 — — @ (system clock) is selected
1 0 0 @/2 is selected
1 @/4 is selected
1 0 2/8 is selected
1 2/16 is selected

The PWM resolution, PWM conversion period, and carrier frequency depend on the selected
internal clock, and can be found from the following equations.

Resolution (minimum pulse width) = 1/internal clock frequency
PWM conversion period = resolution x 256
Carrier frequency = 16/PWM conversion period

Thus, with a 20 MHz system clock (@), the resolution, PWM conversion period, and carrier
frequency are as shown below.
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Table9.3

Internal Clock

PWM Conversion

Resolution, PWM Conversion Period, and Carrier Frequency when g=20 MHz

Frequency Resolution Period Carrier Frequency
[4] 50 ns 12.8 pys 1250 kHz

a/2 100 ns 25.6 us 625 kHz

ol4 200 ns 51.2 us 312.5 kHz

o/8 400 ns 102.4 ps 156.3 kHz

2/16 800 ns 204.8 us 78.1 kHz

Bit 5—Reserved: Thisbit isawaysread as 1 and cannot be modified.

Bit 4—Reserved: Thisbit is always read as 0 and cannot be modified.

Bits 3to 0—Register Select (RS3to RS0): These bits select the PWM data register.

Bit 3 Bit 2 Bit 1 Bit O
RS3 RS2 RS1 RSO Register Selection
0 0 0 0 PWDRO selected
1 PWDR1 selected
1 0 PWDR2 selected
1 PWDR3 selected
1 0 0 PWDR4 selected
1 PWDRS5 selected
1 0 PWDR6 selected
1 PWDRY7 selected
1 0 0 0 PWDRS selected
1 PWDR9 selected
1 0 PWDR10 selected
1 PWDR11 selected
1 0 0 PWDR12 selected
1 PWDR13 selected
1 0 PWDR14 selected
1 PWDR15 selected

RENESAS

235



9.2.2 PWM Data Registers (PWDRO to PWDR15)

Bit 7 6 5 4 3 2 1 0
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

Each PWDR is an 8-hit readable/writable register that specifies the duty cycle of the basic pulse to
be output, and the number of additional pulses. The value set in PWDR correspondsto a0 or 1
ratio in the conversion period. The upper 4 bits specify the duty cycle of the basic pulse as 0/16 to
15/16 with aresolution of 1/16. The lower 4 bits specify how many extra pulses are to be added
within the conversion period comprising 16 basic pulses. Thus, a specification of 0/256 to 255/256
ispossible for 0/1 ratios within the conversion period. For 256/256 (100%) output, port output
should be used.

PWDR isinitialized to H'00 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

9.23 PWM Data Polarity Registers A and B (PWDPRA and PWDPRB)

PWDPRA
Bit 7 6 5 4 3 2 1 0

‘ 0s7 ‘ 0S6 ‘ 0S5 ‘ 0s4 ‘ 0S3 ‘ 0Ss2 ‘ 0s1 ‘ 0Ss0 ‘
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
PWDPRB
Bit 7 6 5 4 3 2 1 0

‘ 0s15 ‘ 0s14 ‘ 0Ss13 ‘ 0s12 ‘ 0Os11 ‘ 0sS10 ‘ 0Ss9 ‘ 0S8 ‘
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

Each PWDPR is an 8-hit readable/writable register that controls the polarity of the PWM outpuit.
Bits OS0 to OS15 correspond to outputs PWO to PW15.
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PWDPR isinitialized to H'00 by areset and in hardware standby mode.

oS Description
0 PWM direct output (PWDR value corresponds to high width of output)  (Initial value)
1 PWM inverted output (PWDR value corresponds to low width of output)

9.24 PWM Output Enable Registers A and B (PWOERA and PWOERB)

PWOERA
Bit 7 6 5 4 3 2 1 0

‘ OE7 ‘ OE6 ‘ OE5 ‘ OE4 ‘ OE3 ‘ OE2 ‘ OE1l ‘ OEQO ‘
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
PWOERB
Bit 7 6 5 4 3 2 1 0

‘ OE15 ‘ OE14 ‘ OE13 ‘ OE12 ‘ OE11 ‘ OE10 ‘ OE9 ‘ OES8 ‘
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

Each PWOER is an 8-bit readable/writable register that switches between PWM output and port
output. Bits OE15 to OEOQ correspond to outputs PW15 to PWO. To set a pin in the output state, a
setting in the port direction register is also necessary. Bits PL7DDR to PIODDR correspond to
outputs PW7 to PWO, and bits P27DDR to P20DDR correspond to outputs PW15 to PW8.

PWOER isinitialized to H'00 by areset and in hardware standby mode.

DDR OE Description

0 0 Port input (Initial value)
1 Port input

1 0 Port output or PWM 256/256 output
1 PWM output (0 to 255/256 output)
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9.25 Peripheral Clock Select Register (PCSR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ PWCKB ‘ PWCKA‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — R/W R/W —

PCSR is an 8-bit readable/writable register that selects the PWM timer input clock.
PCSR isinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 to 3—Reser ved: These bits cannot be modified and are always read as 0.

Bits 2 and 1—PWM Clock Select (PWCKB, PWCKA): Together with bits PWCKE and
PWCKSin PWSL, these hits select the internal clock input to TCNT in the PWM timer. For
details, see section 9.2.1, PWM Register Select (PWSL).

Bit 0—Reserved: Do not set thisbit to 1.

9.2.6 Port 1 Data Direction Register (P1LDDR)

Bit 7 6 5 4 3 2 1 0

‘ P17DDR‘ P16DDR‘ PlSDDR‘ P14DDR‘ P13DDR ‘ P12DDR ‘ P11DDR‘ P10DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

P1DDR is an 8-bit write-only register that specifies the input/output direction and PWM output for
each pin of port 1 on a bit-by-bit basis.

Port 1 pins are multiplexed with pins PW0 to PW7. The bit corresponding to a pin to be used for
PWM output should be set to 1.

For details on PIDDR, see section 8.2, Port 1.
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9.2.7 Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0

‘ P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P22DDR ‘ P21DDR‘ P20DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w w W w W W

P2DDR is an 8-bit write-only register that specifies the input/output direction and PWM output for
each pin of port Jon a bit-by-bit basis.

Port 2 pins are multiplexed with pins PW8 to PW15. The bit corresponding to a pin to be used for
PWM output should be set to 1.

For details on P2DDR, see section 8.3, Port 2.

928  Port 1 DataRegister (P1DR)

Bit 7 6 5 4 3 2 1 0

‘ P17DR ‘ P16DR‘ P15DR ‘ P14DR ‘ P13DR ‘ P12DR ‘ P11DR ‘ P10DR ‘
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

P1DR is an 8-bit readable/writable register used to fix PWM output at 1 (when OS = 0) or O (when
0s=1).

For details on P1DR, see section 8.2, Port 1.

929  Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0

‘ P27DR ‘ P26DR‘ P25DR ‘ P24DR ‘ P23DR ‘ P22DR ‘ P21DR ‘ P20DR ‘
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

P2DR is an 8-bit readable/writable register used to fix PWM output at 1 (when OS = 0) or O (when
0s=1).

For details on P2DR, see section 8.3, Port 2.
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9.210 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15 MSTP14|MSTP13|MSTP12 MSTP11{MSTP10{ MSTP9 [ MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO

Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W RW R/W RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP11 hit is set to 1, 8-bit PWM timer operation is halted and atransition is made to
modul e stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 3—Module Stop (M STP11): Specifies PWM modul e stop mode.

MSTPCRH

Bit 3

MSTP11 Description

0 PWM module stop mode is cleared

1 PWM module stop mode is set (Initial value)
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9.3 Operation

9.31 Correspondence between PWM Data Register Contents and Output Waveform

The upper 4 bits of PWDR specify the duty cycle of the basic pulse as 0/16 to 15/16 with a
resolution of 1/16, as shown in table 9.4.

Table9.4 Duty Cycle of Basic Pulse

Upper 6 Bits Basic Pulse Waveform (Internal)

0123456789 ABCDETFO
000000

000001

000010

[

[
000011 [

[

000100

000101

000110

000111

111000

111001

111010

111011

111100

111101

111110

111111

ki

EE[[[[[_ LILILIL LI

241
RENESAS



The lower 4 bits of PWDR specify the position of pulses added to the 16 basic pulses, as shown in
table 9.5. An additional pulse consists of a high period (when OS = 0) with awidth equal to the
resolution, added before the rising edge of a basic pulse. When the upper 4 bits of PWDR are
0000, thereis no rising edge of the basic pulse, but the timing for adding pulses is the same.

Table9.5 Position of Pulses Added to Basic Pulses

Basic Pulse No.

Lower4Bits 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0000

0001 Yes
0010 Yes Yes
0011 Yes Yes Yes
0100 Yes Yes Yes Yes
0101 Yes Yes Yes Yes Yes
0110 Yes Yes Yes Yes Yes Yes
0111 Yes Yes Yes Yes Yes Yes Yes
1000 Yes Yes Yes Yes Yes Yes Yes Yes
1001 Yes Yes Yes Yes Yes Yes Yes Yes Yes
1010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1100 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1101 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1110 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1111 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No additional pulse

»1 ’« Resolution width

Additional pulse provided

L Additional pulse

Figure9.2 Example of Additional Pulse Timing (When Upper 4 Bits of PWDR = 1000)
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Section 10 14-Bit PWM D/A

10.1 Overview

The H85/2138 Series and H85/2134 Series have an on-chip 14-bit pulse-width modulator (PWM)
with two output channels.

Each channel can be connected to an external low-pass filter to operate as a 14-bit D/A converter.

Both channels share the same counter (DACNT) and control register (DACR).

10.1.1  Features
The features of the 14-bit PWM D/A are listed below.
e Thepulseis subdivided into multiple base cyclesto reduce ripple.

« Two resolution settings and two base cycle settings are available

The resolution can be set equal to one or two system clock cycles. The base cycle can be set
equal to T x 64 or T x 256, where T isthe resolution.

e Four operating rates

The two resolution settings and two base cycle settings combine to give a selection of four
operating rates.
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10.1.2 Block Diagram

Figure 10.1 shows a block diagram of the PWM D/A module.

Internal clock Internal data bus
2]
2/2 O
VAE Clock Bus interf:
Clock selection
Basic cycle
___compare-match A
Fine-adjustment Comparator L
PWX0 = | pulse addition A F;\ <| pabra [~
Basic cycle
PWX1 ___compare-match B pu
Fine-adjustment Comparator K| paprg [
___pulse addition B B
Control logic m
S|
Basic cycle overflow DACNT

-

DACR

Module data bus

Legend:

DACR: PWM D/A control register ( 6 bits)
DADRA: PWM D/A data register A (15 bits)
DADRB: PWM D/A data register B (15 bits)
DACNT: PWM D/A counter (14 bits)

Figure10.1 PWM D/A Block Diagram

10.1.3 Pin Configuration
Table 10.1 lists the pins used by the PWM D/A module.

Table10.1 Input and Output Pins

Channel Name Abbr. I/O Function

A PWM output pin 0 PWXO0 Output PWM output, channel A
B PWM output pin 1 PWX1 Output PWM output, channel B
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10.1.4 Register Configuration
Table 10.2 lists the registers of the PWM D/A module.

Table10.2 Register Configuration

Name Abbreviation R/W Initial value Address**
PWM D/A control register DACR R/W H'30 H'FFAQ**
PWM D/A data register A high DADRAH R/W H'FF H'FFA0*?
PWM D/A data register A low DADRAL R/W H'FF H'FFAL1*?
PWM D/A data register B high DADRBH R/W H'FF H'FFAG*2
PWM D/A data register B low DADRBL R/W H'FF H'FFA7*?
PWM D/A counter high DACNTH R/W H'00 H'FFAG**
PWM D/A counter low DACNTL R/W H'03 H'FFA7*2
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.

2. Registers in the 14-bit PWM timer are assigned to the same addresses as the other
registers. In this case, register selection is performed by the IICE bit in the serial timer
control register (STCR), and also the same addresses are shared by DADRAH and
DACR, and by DADRB and DACNT. Switching is performed by the REGS bit in DACNT
or DADRB.

10.2 Register Descriptions

10.21 PWM D/A Counter (DACNT)

DACNTH DACNTL

Bit (CPU) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BIT (Counter) 7 6 5 4 3 2 1 0 8 9 10 11 12 138 — —

— |REGS
Initalvalue o0 o o o o 0 0o 0 O O 0O O O 0 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW — RW

DACNT isa14-hit readable/writable up-counter that increments on an input clock pulse. The
input clock is selected by the clock select bit (CKS) in DACR. The CPU can read and write the
DACNT value, but since DACNT is a 16-bit register, data transfers between it and the CPU are
performed using atemporary register (TEMP). See section 10.3, Bus Master Interface, for details.
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DACNT functions as the time base for both PWM D/A channels. When a channel operates with
14-bit precision, it usesal DACNT bits. When a channel operates with 12-bit precision, it usesthe
lower 12 (counter) bits and ignores the upper two (counter) bits.

DACNT isinitialized to H'0003 by areset, in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode, and by the PWME bit.

Bit 1 of DACNTL (CPU) isnot used, and is always read as 1.

DACNTL Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit O

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)

10.2.2 D/A Data RegistersA and B (DADRA and DADRB)

DADRH DADRL

< - :
Bit (CPU) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit (Data) 13 12 11 10 9 8 7 6 5 4 3 2 1 0 — —
DADRA DA13|DA12|DA11|DA10| DAY | DA8 | DA7 | DA6 | DA5 | DA4 | DA3| DA2| DA1| DAO|CFS| —

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW R/W RW RW RW RW RW RW RW RW RW RW RW —

DADRB DA13|DA12|DA11|DA10| DAY | DA8 | DA7 | DA6 | DA5 | DA4 | DA3| DA2| DAL | DAO | CFS |REGS
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

There are two 16-bit readable/writable D/A dataregisters; DADRA and DADRB. DADRA
corresponds to PWM D/A channel A, and DADRB to PWM D/A channel B. The CPU can read
and write the PWM D/A dataregister values, but since DADRA and DADRB are 16-hit registers,
data transfers between them and the CPU are performed using atemporary register (TEMP). See
section 10.3, Bus Master Interface, for details.

Theleast significant (CPU) bit of DADRA isnot used and is always read as 1.

DADRisinitialized to H'FFFF by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.
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Bits 15to 3—PWM D/A Data 13to 0 (DA13to DAO): Thedigital value to be converted to an
analog valueis set in the upper 14 bits of the PWM D/A dataregister.

In each base cycle, the DACNT valueis continually compared with these upper 14 bitsto
determine the duty cycle of the output waveform, and to decide whether to output afine-
adjustment pulse equal in width to the resolution. To enable this operation, the data register must
be set within arange that depends on the carrier frequency select bit (CFS). If the DADR valueis
outside this range, the PWM output is held constant.

A channel can be operated with 12-bit precision by keeping the two lowest data bits (DAO and
DA1) cleared to 0 and writing the data to be converted in the upper 12 bits. The two lowest data
bits correspond to the two highest counter (DACNT) bits.

Bit 1—Carrier Frequency Select (CFS)

Bit 1
CFS Description
0 Base cycle = resolution (T) x 64
DADR range = H'0401 to H'FFFD
1 Base cycle = resolution (T) x 256 (Initial value)

DADR range = H'0103 to H'FFFF

DADRA Bit 0—Reserved: This bit cannot be modified and is alwaysread as 1.

DADRB Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS hit specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit O

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)

10.2.3 PWM D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0
TEST | PWME — — OEB OEA oS CKS

Initial value 0 0 1 1 0 0 0 0

Read/Write R/W R/W — — R/W R/W R/W R/W
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DACR is an 8-hit readable/writable register that selects test mode, enables the PWM outputs, and
selects the output phase and operating speed.

DACRisinitialized to H'30 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bit 7—Test Mode (TEST): Selects test mode, which is used in testing the chip. Normally this bit
should be cleared to 0.

Bit 7

TEST Description

0 PWM (D/A) in user state: normal operation (Initial value)
1 PWM (D/A) in test state: correct conversion results unobtainable

Bit 6—PWM Enable (PWME): Starts or stops the PWM D/A counter (DACNT).

Bit 6

WDescription

0 DACNT operates as a 14-bit up-counter (Initial value)
1 DACNT halts at H'0003

Bits 5 and 4—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 3—Output Enable B (OEB): Enables or disables output on PWM D/A channel B.

Bit 3

OEB Description

0 PWM (D/A) channel B output (at the PWX1 pin) is disabled (Initial value)
1 PWM (D/A) channel B output (at the PWX1 pin) is enabled

Bit 2—Output Enable A (OEA): Enables or disables output on PWM D/A channel A.

Bit 2

OEA Description

0 PWM (D/A) channel A output (at the PWXO0 pin) is disabled (Initial value)
1 PWM (D/A) channel A output (at the PWXO0 pin) is enabled
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Bit 1—Output Select (OS): Selects the phase of the PWM D/A outpui.

Bit 1

(O Description

0 Direct PWM output (Initial value)
1 Inverted PWM output

Bit 0—Clock Select (CKS): Selectsthe PWM D/A resolution. If the system clock () frequency
is 10 MHz, resolutions of 100 ns and 200 ns can be selected.

Bit 0
CKS Description
0 Operates at resolution (T) = system clock cycle time (t,.) (Initial value)
1 Operates at resolution (T) = system clock cycle time (t,,.) x 2
10.24 Module Stop Control Register (MSTPCR)
MSTPCRH MSTPCRL
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10 MSTP9 [ MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO

Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP11 hit is set to 1, 14-bit PWM timer operation is halted and atransition is made to
module stop mode. For details, see section 24.5, Module Stop Maode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 3—Module Stop (M STP11): Specifies PWM X module stop mode.

MSTPCRH

Bit 3

MSTP11  Description

0 PWMX module stop mode is cleared

1 PWMX module stop mode is set (Initial value)
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10.3 Bus Master I nterface

DACNT, DADRA, and DADRB are 16-bit registers. The data bus linking the bus master and the
on-chip supporting modules, however, isonly 8 bits wide. When the bus master accesses these
registers, it therefore uses an 8-bit temporary register (TEMP).

These registers are written and read as follows (taking the example of the CPU interface).

«  Write

When the upper byte iswritten, the upper-byte write datais stored in TEMP. Next, when the
lower byte iswritten, the lower-byte write data and TEMP value are combined, and the
combined 16-bit value is written in the register.

* Read
When the upper byte is read, the upper-byte value is transferred to the CPU and the lower-byte
valueistransferred to TEMP. Next, when the lower byte isread, the lower-byte value in
TEMP istransferred to the CPU.

These registers should always be accessed 16 bits at atime using an MOV instruction (by word
access or two consecutive byte accesses), and the upper byte should always be accessed before the
lower byte. Correct datawill not be transferred if only the upper byte or only the lower byteis
accessed. Also note that a bit manipulation instruction cannot be used to access these registers.

Figure 10.2 shows the data flow for accessto DACNT. The other registers are accessed similarly.
Example 1. Writeto DACNT

MOV. WRO, @DACNT ; Write RO contentsto DACNT
Example 2: Read DADRA

MOV. W @ADRA, RO ; Copy contents of DADRA to RO

Table 10.3 Read and Write Access Methodsfor 16-Bit Registers

Read Write
Register Name Word Byte Word Byte
DADRA and DADRB Yes Yes Yes X
DACNT Yes X Yes X

Notes: Yes: Permitted type of access. Word access includes successive byte accesses to the
upper byte (first) and lower byte (second).

x:  This type of access may give incorrect results.
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Upper-Byte Write

- -
CPU interface
(H'AA)
Upper byte

Module data bus

TEMP
(H'AA)

U1 U

DACNTH | DACNTL
C ) ¢ )

Lower-Byte Write

-' Bus
CPU interface
(H'57)
Lower byte

Module data bus

DACNTH | DACNTL
(H'AA) (H'57)

Figure10.2 (a) Accessto DACNT (CPU WritesH'AA57 to DACNT)
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Upper-Byte Read

CPU -1 _ Bus
interface

Module data bus

(H'AA)
Upper byte
TEMP
(H'57)
N
DACNTH DACNTL
(H'AA) (H'57)

Lower-Byte Read

CPU I nicrioce
(H'57)
Lower byte

Module data bus

TEMP
(H'57)

UTT U

DACNTH | DACNTL
¢ ) ¢ )

Figure10.2 (b) Accessto DACNT (CPU Reads H'AA57 from DACNT)
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104  Operation

A PWM waveform like the one shown in figure 10.3 is output from the PWMX pin. When OS =
0, the value in DADR corresponds to the total width (T, ) of the low (0) pulses output in one
conversion cycle (256 pulses when CFS = 0, 64 pulses when CFS = 1). When OS = 1, the output
waveform isinverted and the DADR value corresponds to the total width (T,) of the high (1)
output pulses. Figure 10.4 shows the types of waveform output available.

1 conversion cycle
(T x 214 (= 16384))

LA

(T x 64

e R o
Basic cycle‘

or T x 256)

e

LI LT LT L

T: Resolution
m
T|_ = z tan (When OS = O)
n=
(When CFS =0, m = 256; when CFS =1, m = 64)

Figure10.3 PWM D/A Operation

Table 10.4 summarizes the relationships of the CKS, CFS, and OS hit settings to the resolution,

base cycle, and
certain minimu

conversion cycle. The PWM output remains flat unless DADR contains at least a
m value. Table 10.4 indicates the range of DADR settings that give an output

waveform like the onein figure 10.3, and lists the conversion cycle length when low-order DADR
bits are kept cleared to 0, reducing the conversion precision to 12 bits or 10 hits.
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Table10.4 Settings and Operation (Exampleswhen g=10 MHz)

Fixed DADR Bits

Bit Data
Resolution Base Conversion T, (if OS =0) Precision Conversion
CKS T (us) CFS Cycle (us) Cycle (us) T, (if0OS=1) (Bits) 3 2 1 0 Cycle* (us)
0 01 0 6.4 1638.4 1. Always low (or high) 14 1638.4
(DADR = H'0001 to
H'03FD)
2. (Datavalue) x T 12 0 0 409.6
(DADR = H'0401 to
H'FFFD)
10 0 00 0 1024
1 25.6 1638.4 1. Always low (or high) 14 1638.4
(DADR = H'0003 to
H'00FF)
2. (Datavalue) x T 12 0 0 409.6
(DADR = H'0103 to
H'FFFF)
10 0 0 0 0 1024
1 0.2 0 12.8 3276.8 1. Always low (or high) 14 3276.8
(DADR = H'0001 to
H'03FD)
2. (Datavalue) x T 12 0 0 819.2
(DADR = H'0401 to
H'FFFD)
10 0 00 0 2048
1 51.2 3276.8 1. Always low (or high) 14 3276.8
(DADR = H'0003 to
H'00FF)
2. (Datavalue) xT 12 0 0 8192
(DADR = H'0103 to
H'FFFF)
10 0 00 0 2048

Note: * This column indicates the conversion cycle when specific DADR bits are fixed.
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1. OS=0(DADR correspondsto T,)

a. CFS=0/[base cycle = resolution (T) x 64]

1 conversion cycle

tr tro Y255 tro56

|- e e |- |- |-
ta tLo t3 ti 255 t 256
t =t =t3 =" =tpss =ty = T X 64

tlo+tto+tat+ - +toss+lioge =T,

Figure10.4 (1) Output Waveform

b. CFS=1[basecycle=resolution (T) x 256]

1 conversion cycle

tr |7 tt63 tt64

e P R R
t g f2 ti3 ti 63 tLea
t1 =t =tz =" =tgz=tps =T x 256

fla+tto+ttz+ - +lez3ttiga=TL

Figure10.4 (2) Output Waveform
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2. OS=1(DADR correspondsto T,,)

a. CFS=0/[base cycle = resolution (T) x 64]

1 conversion cycle

_ |
ot Rt e

thy th2 %]

G =t =tz =" =tpss =tpse = T X 64
tHy + o Htyz + - -+ tyoss +tose = TH

try |17 Y255 tro56

(-
tHose

Figure10.4 (3) Output Waveform

b. CFS=1[basecycle=resolution (T) x 256]

1 conversion cycle

tyy tr t63 t64

ty =t =tz =" =tz =tps =T x 256
thy Tty Htyg - T thes T thes = T

Figure10.4 (4) Output Waveform
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Section 11 16-Bit Free-Running Timer

11.1 Overview

The H85/2138 Series and H85/2134 Series have a single-channel on-chip 16-bit free-running
timer (FRT) module that uses a 16-bit free-running counter as atime base. Applications of the
FRT module include rectangul ar-wave output (up to two independent waveforms), input pulse
width measurement, and measurement of external clock periods.

11.1.1 Features

The features of the free-running timer module are listed below.

Selection of four clock sources

O The free-running counter can be driven by an internal clock source (&/2, @/8, or @/32), or an
external clock input (enabling use as an external event counter).

Two independent comparators
0 Each comparator can generate an independent waveform.

Four input capture channels

0 The current count can be captured on the rising or falling edge (selectable) of an input
signal.

O The four input capture registers can be used separately, or in a buffer mode.

Counter can be cleared under program control
0 The free-running counters can be cleared on compare-match A.

Seven independent interrupts

O Two compare-match interrupts, four input capture interrupts, and one overflow interrupt
can be requested independently.

Specia functions provided by automatic addition function
0 The contents of OCRAR and OCRAF can be added to the contents of OCRA automaticaly,
enabling a periodic waveform to be generated without software intervention.

O The contents of ICRD can be added automatically to the contents of OCRDM x 2, enabling
input capture operationsin thisinterval to be restricted.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the free-running timer.

External Internal
clock source clock sources OCRA R/F (HIL)
———— 22
2/8 '
FTCI 2132 r
RER A
Clock select Clock OCRA (H/L)
Compare- '
match A Comparator A
FTOA ~=— Overflow
FRC (H/L) °
FTOB ~=— Clear <
£
9] Internal
- £ data bus
Compare- é’
match B
(%2}
>
o
8
Control Q =
logic n Q@
put capture -
FTIA — =] ICRAMHL) | 3
| w| ICRB(H/L) =
FTIB —m|
- ICRC (H/L) )
FTIC Lw| ICRD(HL) >
FTID —
Comparator M ><1
Compare-match M ‘ x2
OCRDM L <D
TCSR
TIER >
TCR K
TocR (>
L wiclA
ICIB
L——=|CIC
L——ICID Interrupt signals
—— = OCIA
—— = 0CIB
= FoVI
Legend:
OCRA, B: Output compare register A, B (16 bits) TIER: Timer interrupt enable register (8 bits)
FRC: Free-running counter (16 bits) TCR: Timer control register (8 bits)
ICRA, B, C, D: Input capture register A, B, C, D (16 bits) TOCR: Timer output compare control
TCSR: Timer control/status register (8 bits) register (8 bits)

Figure11.1 Block Diagram of 16-Bit Free-Running Timer
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11.1.3  Input and Output Pins

Table 11.1 lists the input and output pins of the free-running timer module.

Table11.1 Input and Output Pins of Free-Running Timer Module

Name Abbreviation  1/0 Function

Counter clock input FTCI Input FRC counter clock input
Output compare A FTOA Output Output compare A output
Output compare B FTOB Output Output compare B output
Input capture A FTIA Input Input capture A input
Input capture B FTIB Input Input capture B input
Input capture C FTIC Input Input capture C input
Input capture D FTID Input Input capture D input

RENESAS
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11.14 Register Configuration

Table 11.2 lists the registers of the free-running timer module.

Table11.2 Register Configuration

Name Abbreviation R/W Initial Value Address**
Timer interrupt enable register TIER R/W H'01 H'FF90
Timer control/status register TCSR R/(W)**  H00 H'FF91
Free-running counter FRC R/W H'0000 H'FF92
Output compare register A OCRA R/W H'FFFF H'FF94**
Output compare register B OCRB R/W H'FFFF H'FF94*°
Timer control register TCR R/W H'00 H'FF96
Timer output compare control TOCR R/W H'00 H'FF97
register
Input capture register A ICRA R H'0000 H'FF98**
Input capture register B ICRB R H'0000 H'FF9A**
Input capture register C ICRC R H'0000 H'FF9C**
Input capture register D ICRD R H'0000 H'FFOE
Output compare register AR OCRAR R/W H'FFFF H'FF98**
Output compare register AF OCRAF R/W H'FFFF H'FF9A**
Output compare register DM OCRDM R/W H'0000 H'FF9C**
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Bits 7 to 1 are read-only; only O can be written to clear the flags.

Bit O is readable/writable.

3. OCRA and OCRB share the same address. Access is controlled by the OCRS

bit in TOCR.

4. ICRA, ICRB, and ICRC share the same addresses with OCRAR, OCRAF, and
OCRDM. Access is controlled by the ICRS bit in TOCR.
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11.2  Register Descriptions

1121  Free-Running Counter (FRC)

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

Intalvave o0 0o o ©O0 OO 0 O O O O O O 0O o0 0 ©
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

FRC is a 16-bit readable/writable up-counter that increments on an internal pulse generated from a
clock source. The clock sourceis selected by bits CKS1 and CKS0in TCR.

FRC can aso be cleared by compare-match A.
When FRC overflows from H'FFFF to H'0000, the overflow flag (OVF) in TCSR is set to 1.

FRC isinitialized to H'0000 by areset and in hardware standby mode.

11.2.2  Output Compare Registers A and B (OCRA, OCRB)

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

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

OCRA and OCRB are 16-bit readable/writable registers, the contents of which are continually
compared with the value in the FRC. When a match is detected, the corresponding output compare
flags (OCFA or OCFB) issetin TCSR.

In addition, if the output enable bit (OEA or OEB) in TOCR is set to 1, when OCR and FRC
values match, the logic level selected by the output level bit (OLVLA or OLVLB) in TOCR is
output at the output compare pin (FTOA or FTOB). Following areset, the FTOA and FTOB
output levels are O until the first compare-match.

OCRisinitialized to H'FFFF by areset and in hardware standby mode.
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11.2.3 Input Capture RegistersA toD (ICRA to ICRD)

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

Initial value 0 0 0
ReadWrte R R R R R R R R R R R R R R R R

There are four input capture registers, A to D, each of which is a 16-bit read-only register.

When the rising or falling edge of the signal at an input capture input pin (FTIA to FTID) is
detected, the current FRC value is copied to the corresponding input capture register (ICRA to
ICRD). At the same time, the corresponding input capture flag (ICFA to ICFD) in TCSR is set to
1. Theinput capture edge is selected by the input edge select bits (IEDGA to IEDGD) in TCR.

ICRC and ICRD can be used as ICRA and ICRB buffer registers, respectively, and made to
perform buffer operations, by means of buffer enable bits A and B (BUFEA, BUFEB) in TCR.

Figure 11.2 shows the connections when ICRC is specified as the ICRA buffer register (BUFEA =
1). When ICRC is used as the ICRA buffer, both rising and falling edges can be specified as
transitions of the external input signal by setting IEDGA # IEDGC. When IEDGA = IEDGC,
either therising or falling edge is designated. See table 11.3.

Note: The FRC contents are transferred to the input capture register regardless of the value of the
input capture flag (ICF).

IEDGA BUFEA IEDGC

Py

Edge detect and

FTIA >— capture signal ]
generating circuit

ICRC ICRA FRC

Figure11.2 Input Capture Buffering (Example)
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Table11.3 Buffered Input Capture Edge Selection (Example)

IEDGA IEDGC Description

0 0 Captured on falling edge of input capture A (FTIA) (Initial value)
1 Captured on both rising and falling edges of input capture A (FTIA)

1 0
1 Captured on rising edge of input capture A (FTIA)

To ensure input capture, the width of the input capture pulse should be at least 1.5 system clock
periods (1.58). When triggering is enabled on both edges, the input capture pulse width should be
at least 2.5 system clock periods (2.50).

ICR isinitialized to H'0000 by areset and in hardware standby mode.

11.2.4  Output Compare Registers AR and AF (OCRAR, OCRAF)

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

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

OCRAR and OCRAF are 16-hit readabl e/writable registers.

When the OCRAMS bit in TOCR is set to 1, the operation of OCRA is changed to include the use
of OCRAR and OCRAF. The contents of OCRAR and OCRAF are automatically added
aternately to OCRA, and the result is written to OCRA. The write operation is performed on the
occurrence of compare-match A. In the first compare-match A after the OCRAMSbitisset to 1,
OCRAF is added.

The operation due to compare-match A varies according to whether the compare-match follows
addition of OCRAR or OCRAF. The value of the OLVLA bitin TOCR isignored, and 1 is output
on acompare-match A following addition of OCRAF, while 0 is output on a compare-match A
following addition of OCRAR.

When the OCRA automatically addition function is used, do not set internal clock &/2 as the FRC
counter input clock together with an OCRAR (or OCRAF) value of H'0001 or less.

OCRAR and OCRAF areinitialized to H'FFFF by areset and in hardware standby mode.
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11.25  Output Compare Register DM (OCRDM)

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

Initalvaue o0 o o0 o0 0O O O O O O O O 0 O o0 O
Read/Write R R R R R R R R RW RW RW RW RW RW RW RW

OCRDM is a 16-bit readable/writable register in which the upper 8 bits are fixed at H'00.

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000,
the operation of ICRD is changed to include the use of OCRDM. The point at which input capture
D occursistaken as the start of a mask interval. Next, twice the contents of OCRDM is added to
the contents of ICRD, and the result is compared with the FRC value. The point at which the
values match istaken as the end of the mask interval. New input capture D events are disabled
during the mask interval.

A mask interval is not generated when the ICRDM S hit is set to 1 and the contents of OCRDM are
H'0000.

OCRDM isinitialized to H'0000 by areset and in hardware standby mode.

11.2.6 Timer Interrupt Enable Register (TIER)

Bit 7 6 5 4 3 2 1 0

‘ ICIAE ‘ ICIBE ‘ ICICE ‘ ICIDE ‘ OCIAE ‘ OCIBE ‘ OVIE ‘ — ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W —

TIER is an 8-bit readable/writable register that enables and disables interrupts.
TIER isinitialized to H'01 by areset and in hardware standby mode.

Bit 7—Input CaptureInterrupt A Enable (ICIAE): Selects whether to request input capture
interrupt A (ICIA) when input capture flag A (ICFA) in TCSRis set to 1.

Bit 7

ICIAE Description

0 Input capture interrupt request A (ICIA) is disabled (Initial value)
1 Input capture interrupt request A (ICIA) is enabled
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Bit 6—Input CaptureInterrupt B Enable (ICIBE): Selects whether to request input capture
interrupt B (ICIB) when input capture flag B (ICFB) in TCSR is set to 1.

Bit 6

ICIBE Description

0 Input capture interrupt request B (ICIB) is disabled (Initial value)
1 Input capture interrupt request B (ICIB) is enabled

Bit 5—Input CaptureInterrupt C Enable (1CICE): Selects whether to request input capture
interrupt C (ICIC) when input capture flag C (ICFC) in TCSR is set to 1.

Bit 5

ICICE Description

0 Input capture interrupt request C (ICIC) is disabled (Initial value)
1 Input capture interrupt request C (ICIC) is enabled

Bit 4—Input CaptureInterrupt D Enable (ICIDE): Selects whether to request input capture
interrupt D (1CID) when input capture flag D (ICFD) in TCSR is set to 1.

Bit 4

ICIDE Description

0 Input capture interrupt request D (ICID) is disabled (Initial value)
1 Input capture interrupt request D (ICID) is enabled

Bit 3—Output Compare Interrupt A Enable (OCIAE): Selects whether to request output
compareinterrupt A (OCIA) when output compare flag A (OCFA) in TCSRisset to 1.

Bit 3

OCIAE Description

0 Output compare interrupt request A (OCIA) is disabled (Initial value)
1 Output compare interrupt request A (OCIA) is enabled

Bit 2—Output Compare Interrupt B Enable (OCIBE): Selects whether to request output
compareinterrupt B (OCIB) when output compare flag B (OCFB) in TCSRisset to 1.

Bit 2

OCIBE Description

0 Output compare interrupt request B (OCIB) is disabled (Initial value)
1 Output compare interrupt request B (OCIB) is enabled
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Bit 1—Timer Overflow Interrupt Enable (OVIE): Selects whether to request a free-running
timer overflow interrupt (FOV1) when the timer overflow flag (OVF) in TCSRisset to 1.

Bit 1

OVIE Description

0 Timer overflow interrupt request (FOVI) is disabled (Initial value)
1 Timer overflow interrupt request (FOVI) is enabled

Bit 0—Reserved: This bit cannot be modified and is awaysread as 1.

11.2.7 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0
‘ ICFA ‘ ICFB ‘ ICFC ‘ ICFD ‘ OCFA ‘ OCFB ‘ OVF ‘CCLRA‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* RIW)* RIW)* RIW)* R(W)* RIW)* RI(W)* R/W

Note: * Only O can be written in bits 7 to 1 to clear these flags.

TCSR is an 8-bit register used for counter clear selection and control of interrupt request signals.
TCSRisinitialized to H'00 by areset and in hardware standby mode.
Timing is described in section 11.3, Operation.

Bit 7—Input Capture Flag A (ICFA): This status flag indicates that the FRC value has been
transferred to ICRA by means of an input capture signal. When BUFEA = 1, ICFA indicates that
the old ICRA value has been moved into ICRC and the new FRC value has been transferred to
ICRA.

ICFA must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 7

ICFA Description

0 [Clearing condition] (Initial value)
Read ICFA when ICFA = 1, then write 0 in ICFA

1 [Setting condition]
When an input capture signal causes the FRC value to be transferred to
ICRA
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Bit 6—Input Capture Flag B (ICFB): This status flag indicates that the FRC value has been
transferred to ICRB by means of an input capture signal. When BUFEB = 1, ICFB indicates that
the old ICRB value has been moved into ICRD and the new FRC value has been transferred to
ICRB.

ICFB must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 6

ICFB Description

0 [Clearing condition] (Initial value)
Read ICFB when ICFB = 1, then write 0 in ICFB

1 [Setting condition]

When an input capture signal causes the FRC value to be transferred to ICRB

Bit 5—Input Capture Flag C (ICFC): This status flag indicates that the FRC value has been
transferred to ICRC by means of an input capture signal. When BUFEA = 1, on occurrence of the
signal transition in FTIC (input capture signal) specified by the IEDGC bit, ICFC is set but datais
not transferred to ICRC. Therefore, in buffer operation, ICFC can be used as an external interrupt
signal (by setting the ICICE bit to 1).

ICFC must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 5

ICFC Description

0 [Clearing condition] (Initial value)
Read ICFC when ICFC = 1, then write 0 in ICFC

1 [Setting condition]

When an input capture signal is received

Bit 4—Input Capture Flag D (ICFD): This status flag indicates that the FRC value has been
transferred to ICRD by means of an input capture signal. When BUFEB = 1, on occurrence of the
signal transition in FTID (input capture signal) specified by the IEDGD bit, ICFD is set but datais
not transferred to ICRD. Therefore, in buffer operation, ICFD can be used as an external interrupt
by setting the ICIDE bit to 1.

ICFD must be cleared by software. It is set by hardware, however, and cannot be set by software.
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Bit 4
ICFD Description

0 [Clearing condition] (Initial value)
Read ICFD when ICFD = 1, then write 0 in ICFD

1 [Setting condition]
When an input capture signal is received

Bit 3—Output Compare Flag A (OCFA): This status flag indicates that the FRC value matches
the OCRA value. This flag must be cleared by software. It is set by hardware, however, and
cannot be set by software.

Bit 3

OCFA Description

0 [Clearing condition] (Initial value)
Read OCFA when OCFA =1, then write 0 in OCFA

1 [Setting condition]

When FRC = OCRA

Bit 2—Output Compar e Flag B (OCFB): This status flag indicates that the FRC value matches
the OCRB value. This flag must be cleared by software. It is set by hardware, however, and cannot
be set by software.

Bit 2

OCFB Description

0 [Clearing condition] (Initial value)
Read OCFB when OCFB = 1, then write 0 in OCFB

1 [Setting condition]

When FRC = OCRB

Bit 1—Timer Overflow Flag (OVF): This status flag indicates that the FRC has overflowed
(changed from H'FFFF to H'0000). This flag must be cleared by software. It is set by hardware,
however, and cannot be set by software.
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Bit 1

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

When FRC changes from H'FFFF to H'0000

Bit 0—Counter Clear A (CCLRA): This hit selects whether the FRC isto be cleared at compare-
match A (when the FRC and OCRA values match).

Bit O

CCLRA Description

0 FRC clearing is disabled (Initial value)
1 FRC is cleared at compare-match A

11.2.8 Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0

‘ IEDGA ‘ IEDGB ‘ IEDGC ‘ IEDGD ‘ BUFEA ‘ BUFEB ‘ CKS1 ‘ CKSO ‘
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

TCRis an 8-bit readable/writable register that selects the rising or falling edge of the input capture
signals, enables the input capture buffer mode, and selects the FRC clock source.

TCRisinitialized to H'00 by areset and in hardware standby mode

Bit 7—Input Edge Select A (IEDGA): Selectstherising or falling edge of the input capture A
signal (FTIA).

Bit 7
IEDGA Description

0 Capture on the falling edge of FTIA (Initial value)

1 Capture on the rising edge of FTIA

Bit 6—Input Edge Select B (IEDGB): Selectstherising or falling edge of the input capture B
signal (FTIB).
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Bit 6
IEDGB Description

0 Capture on the falling edge of FTIB (Initial value)

1 Capture on the rising edge of FTIB

Bit 5—Input Edge Select C (IEDGC): Selectstherising or falling edge of the input capture C
signal (FTIC).

Bit 5

IEDGC Description

0 Capture on the falling edge of FTIC (Initial value)
1 Capture on the rising edge of FTIC

Bit 4—Input Edge Select D (IEDGD): Selectstherising or falling edge of the input capture D
signal (FTID).

Bit 4

IEDGD Description

0 Capture on the falling edge of FTID (Initial value)
1 Capture on the rising edge of FTID

Bit 3—Buffer Enable A (BUFEA): Selects whether ICRC isto be used as a buffer register for
ICRA.

Bit 3

BUFEA Description

0 ICRC is not used as a buffer register for input capture A (Initial value)
1 ICRC is used as a buffer register for input capture A

Bit 2—Buffer Enable B (BUFEB): Selects whether ICRD isto be used as a buffer register for
ICRB.

Bit 2

BUFEB Description

0 ICRD is not used as a buffer register for input capture B (Initial value)
1 ICRD is used as a buffer register for input capture B
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Bits 1 and 0—Clock Select (CKS1, CKS0): Select external clock input or one of three internal
clock sources for the FRC. External clock pulses are counted on the rising edge of signalsinput to
the external clock input pin (FTCI).

Bit 1 Bit O

CKS1 CKSO0 Description

0 0 2/2 internal clock source (Initial value)
1 2/8 internal clock source

1 0 2/32 internal clock source
1 External clock source (rising edge)

11.29 Timer Output Compare Control Register (TOCR)

Bit 7 6 5 4 3 2 1 0
‘ICRDMS‘OCRAMS‘ ICRS ‘ OCRS ‘ OEA ‘ OEB ‘ OLVLA ‘ OLVLB ‘

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

TOCR is an 8-hit readable/writable register that enables output from the output compare pins,
selects the output levels, switches access between output compare registers A and B, controlsthe
ICRD and OCRA operating mode, and switches access to input capture registers A, B, and C.

TOCR isinitialized to H'00 by areset and in hardware standby mode.

Bit 7—Input Capture D Mode Select (ICRDMS): Specifies whether ICRD is used in the normal
operating mode or in the operating mode using OCRDM.

Bit 7
ICRDMS  Description

0 The normal operating mode is specified for ICRD (Initial value)

1 The operating mode using OCRDM is specified for ICRD

Bit 6—Output Compare A Mode Select (OCRAMYS): Specifies whether OCRA isused in the
normal operating mode or in the operating mode using OCRAR and OCRAF.
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Bit 6
OCRAMS Description

0 The normal operating mode is specified for OCRA (Initial value)

1 The operating mode using OCRAR and OCRAF is specified for OCRA

Bit 5—Input Capture Register Select (ICRS): The same addresses are shared by ICRA and
OCRAR, by ICRB and OCRAF, and by ICRC and OCRDM. The ICRS bit determines which
registers are selected when the shared addresses are read or written to. The operation of ICRA,
ICRB, and ICRC is not affected.

Bit 5

ICRS Description

0 The ICRA, ICRB, and ICRC registers are selected (Initial value)
1 The OCRAR, OCRAF, and OCRDM registers are selected

Bit 4—Output Compare Register Select (OCRS): OCRA and OCRB share the same address.
When this address is accessed, the OCRS bit selects which register is accessed. This bit does not
affect the operation of OCRA or OCRB.

Bit 4

OCRS Description

0 The OCRA register is selected (Initial value)
1 The OCRB register is selected

Bit 3—Output Enable A (OEA): Enables or disables output of the output compare A signal
(FTOA).

Bit 3

OEA Description

0 Output compare A output is disabled (Initial value)
1 Output compare A output is enabled

Bit 2—Output Enable B (OEB): Enables or disables output of the output compare B signal
(FTOB).
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Bit 2

OEB Description
0 Output compare B output is disabled (Initial value)
1 Output compare B output is enabled

Bit 1—Output Level A (OLVLA): Selectsthelogic level to be output at the FTOA pinin
response to compare-match A (signal indicating a match between the FRC and OCRA values).
When the OCRAMS bit is 1, this bit isignored.

Bit 1

OLVLA Description

0 0 output at compare-match A (Initial value)
1 1 output at compare-match A

Bit 0—Output Level B (OLVLB): Selectsthelogic level to be output at the FTOB pinin
response to compare-match B (signal indicating a match between the FRC and OCRB values).

Bit O

OLVLB Description

0 0 output at compare-match B (Initial value)
1 1 output at compare-match B

11.2.10 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10[ MSTP9 [ MSTP8 | MSTP7 [ MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 [ MSTPO

Initalvalue o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RMW RMW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
MSTPCR, comprising two 8-bit readabl e/writabl e registers, performs module stop mode control.

When the MSTP13 hit is set to 1, FRT operation is stopped at the end of the bus cycle, and
module stop mode is entered. For details, see section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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MSTPCRH Bit 5—Module Stop (M STP13): Specifies the FRT module stop mode.

Bit 5

mDescription

0 FRT module stop mode is cleared

1 FRT module stop mode is set (Initial value)

11.3  Operation

11.31 FRC Increment Timing

FRC increments on a pulse generated once for each period of the selected (internal or external)
clock source.

Internal Clock: Any of threeinternal clocks (@/2, 2/8, or @/32) created by division of the system
clock (@) can be selected by making the appropriate setting in bits CKS1 and CKS0 in TCR.
Figure 11.3 shows the increment timing.

il
FRC input ,—\—
clock ()()

FRC N-1 ><38 N X N1

Figure11.3 Increment Timing with Internal Clock Source

External Clock: If external clock input is selected by bits CKS1 and CKS0in TCR, FRC
increments on the rising edge of the external clock signal.

The pulse width of the external clock signal must be at least 1.5 system clock (@) periods. The
counter will not increment correctly if the pulse width is shorter than 1.5 system clock periods.

Figure 11.4 shows the increment timing.
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::EI)(()th:rilr?;I)ut pin
Elﬁgkinpm ,—l {
FRC N % >< N+1 %

-

Figure11.4 Increment Timing with External Clock Source

11.3.2  Output Compare Output Timing

When a compare-match occurs, the logic level selected by the output level bit (OLVLA or
OLVLB) in TOCR is output at the output compare pin (FTOA or FTOB). Figure 11.5 shows the
timing of this operation for compare-match A.

FRC N X N+1 WoN X N+ 1

OCRA N N NN

Compare-match A
signal (« ( \—
k )7 )7

OLVLA |

\

Output compare A

output pin FTOA

Note: * Vertical arrows ( L ) indicate instructions executed by software.

Figure11.5 Timing of Output Compare A Output
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11.3.3 FRC Clear Timing

FRC can be cleared when compare-match A occurs. Figure 11.6 shows the timing of this
operation.

o S I A A A A
Compare-match A
signal l

FRC N >< H'0000

Figure11.6 Clearing of FRC by Compare-Match A

11.34  Input Capturelnput Timing

Input Capturelnput Timing: Aninternal input capture signal is generated from the rising or
falling edge of the signal at the input capture pin, as selected by the corresponding IEDGx (x = A
to D) bit in TCR. Figure 11.7 shows the usual input capture timing when the rising edge is
selected (IEDGx = 1).

o EpEnEnEuEnEnE RSN
Input capture |
input pin 5
Input capture ,—\
signal («

)]

Figure11.7 Input Capture Signal Timing (Usual Case)

If the upper byte of ICRA/B/C/D is being read when the corresponding input capture signal
arrives, the internal input capture signal is delayed by one system clock (@) period. Figure 11.8
shows the timing for this case.
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ICRA/B/C/D read cycle

Input capture
input pin ( K\%

Input capture '
signal ( :

Figure11.8 Input Capture Signal Timing (Input Capture Input when ICRA/B/C/D is Read)

Buffered Input Capture Input Timing: ICRC and ICRD can operate as buffers for ICRA and
ICRB.

Figure 11.9 shows how input capture operates when ICRA and ICRC are used in buffer mode and
IEDGA and IEDGC are set to different values (IEDGA =0 and IEDGC =1, or IEDG A =1 and
IEDGC = 0), so that input capture is performed on both the rising and falling edges of FTIA.

FTIA _I

Input capture\
signal

|

((
))
FRC n >< n+1 ) N ><N+1
()() \
ICRA M n ) n_ XN
)7
5
ICRC m XAM ) M X~n
)7

Figure11.9 Buffered Input Capture Timing (Usual Case)
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When ICRC or ICRD is used as a buffer register, its input capture flag is set by the selected
transition of itsinput capture signal. For example, if ICRC is used to buffer ICRA, when the edge
transition selected by the IEDGC bit occurs on the FTIC input capture line, ICFC will be set, and
if the ICIEC bit is set, an interrupt will be requested. The FRC vaue will not be transferred to
ICRC, however.

In buffered input capture, if the upper byte of either of the two registers to which datawill be
transferred (ICRA and ICRC, or ICRB and ICRD) is being read when the input signal arrives,
input capture is delayed by one system clock () period. Figure 11.10 shows the timing when
BUFEA = 1.

Read cycle:
CPU reads ICRA or ICRC

FTIA —\
Input capture P
signal :

Figure11.10 Buffered Input Capture Timing (Input Capture Input when ICRA or ICRC is
Read)

11.35 Timing of Input Capture Flag (ICF) Setting

Theinput capture flag ICFx (x = A, B, C, D) isset to 1 by theinternal input capture signal. The
FRC value is simultaneously transferred to the corresponding input capture register (ICRx). Figure
11.11 shows the timing of this operation.
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° S O s A A
Input capture
signal \

ICFA/B/C/D
FRC \ NN

1./
ICRA/B/C/D >< N

Figure11.11 Setting of Input Capture Flag (ICFA/B/C/D)

1