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Notice

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

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

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

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

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

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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accuracy or completeness of the information contained In this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

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

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

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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1NE TOHOWITNG Usage notes are applicabic 10 all IViFU/IVILU PrOoaucts Trom Renesas. For detalicd usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in

the manual.

— The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
become stable. When switching the clock signal during program execution, wait until the
target clock signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different type number,
confirm that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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This LSl is a single-chip microcomputer made up of the H8S/2000 CPU with an internal 32-bit
architecture as its core, and the peripheral functions required to configure a system.

This LSI is equipped with ROM, RAM, a bus controller, data transfer controller (DTC), a 16-bit
timer pulse unit (TPU), a watchdog timer (WDT), a serial communication interface (SCI), DMA
controller (DMAC), a D/A converter, an A/D converter, and 1/0 ports as on-chip supporting
modules. This LSI is suitable for use as an embedded processor for high-level control systems. Its
on-chip ROM are flash memory (F-ZTAT™%*) and mask ROM that provides flexibility as it can
be reprogrammed in no time to cope with all situations from the early stages of mass production to
full-scale mass production. This is particularly applicable to application devices with
specifications that will most probably change.

Note: * F-ZTAT is a trademark of Renesas Technology Corp.

Target Users: This manual was written for users who will be using the H8S/2329 Group,
H8S/2328 Group in the design of application systems. Members of this audience are
expected to understand the fundamentals of electrical circuits, logical circuits, and
microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2329 Group, H8S/2328 Group to the above audience.
Refer to the H8S/2600 Series, H8S/2000 Series Software Manual for a detailed
description of the instruction set.

Notes on reading this manual:

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

o Inorder to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Software Manual.

o Inorder to understand the details of a register when its name is known
The addresses, bits, and initial values of the registers are summarized in appendix B, Internal
I/0 Registers.
Example: Bit order: The MSB is on the left and the LSB is on the right.

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
(http://www.renesas.com/eng/)
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pocument lite pocument NO.

H8S/2329 Group, H8S/2328 Group Hardware Manual This manual

H8S/2600 Series, H8S/2000 Series Software Manual REJ09B0139

User’s Manuals for Development Tools:

Document Title Document No.

H8S, H8S/300 Series C/C++ Compiler, Assembler, Optimized Linkage REJ10B0161
Editor Compiler Package Ver.6.01 User's Manual

H8S, H8S/300 Series Simulator/Debugger (for Windows) User's Manual ~ ADE-702-037

High-performance Embedded Workshop (for Windows 95/98 and Windows ADE-702-201
NT 4.0) User's Manual

Application Notes:

Document Title Document No.

H8S Series Technical Q & A Application Note REJO5B0397
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Item Page

Revision (See Manual for Details)

1.3.1 Pin Arrangement 10

Figure 1.3 Mask ROM
Versions, F-ZTAT
Versions, H8S/2324S,
H8S/2322R, H8S/2320
Pin Arrangement (TFP-
120: Top View)

Figure amended

¥

WDTOVF (FWE
P2,/PO,/TIOCA,

RES

Note amended

Note: * The FWE pin applies to the H8S/2328B F-ZTAT and
H8S/2326 F-ZTAT only.

The WDTOVF

pin function is not available in the F-

ZTAT versions.

Figure 1.4 Mask ROM 11
Versions, F-ZTAT
Versions, H8S/2324S,
H8S/2322R, H8S/2320
Pin Arrangement (FP-
128B: Top View)

Figure amended

RES
WDTOVF (FWE|  )*
P2,/PO,/TIOCA,

81
80
79

Note amended

Note: * The FWE pin applies to the H8S/2328B F-ZTAT and
H8S/2326 F-ZTAT only.

The WDTOVF

pin function is not available in the F-

ZTAT versions.

Figure 1.7 14
HD64F2329B Pin
Arrangement (TFP-

120: Top View)

Figure added

RENESAS
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Figure 1.8
HD64F2329B Pin
Arrangement (FP-
128B: Top View)

1.3.3 Pin Functions 26
Table 1.3 Pin Functions

Table amended

Operating
MD, MD: MDo Mode
0 0 1 —
1 0 Mode 2™
1 Mode 3™
1 0 0 Mode 4™
1 Mode 5™
1 0 Mode 6
1 Mode 7

6.3.5 Chip Select 169
Signals

Description amended

Enabling or disabling of the CSn signal is performed by setting
the data direction register (DDR) for the port corresponding to
the particular CSn pin and either the CS167 enable bit
(CS167E) or the CS25 enable bit (CS25E).

In ROM-disabled expansion mode, the CS0 pin is placed in the
output state after a power-on reset. Pins CS1 to CS7 are placed
in the input state after a power-on reset, so the corresponding
DDR bits, and CS167E or CS25E, should be set to 1 when
outputting signals CS1 to CS7.

In ROM-enabled expansion mode, pins CSO0 to CS7 are all
placed in the input state after a power-on reset, so the
corresponding DDR bits, and CS167E or CS25E, should be set
to 1 when outputting signals CS0 to CS7.
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Register (BRR)

Table 14.3 BRR ¢ =25 Mz
Settings for Various Bit Bit Rate i Error
Rates (Asynchronous (bits/s) n N (%)
Mode) 110 I 3 110 -0.02
150 3 80 0.47
300 2 162 =015
600 2 80 0.47
1200 1 162 L0.15
2400 1 80 0.47
4800 0 162 =0.15
9600 io 80 0.47
19200 io 40  -0.76
31250 10 24 1.00
38400 :0 19 1.73
19.4.1 Features 740 Description amended
The flash memory can be reprogrammed minimum 100 times.
19.13.1 Features 791 Description amended
The flash memory can be reprogrammed minimum 100 times.
19.22.1 Features 849 Description amended
The flash memory can be reprogrammed minimum 100 times.
22.2.6 Flash Memory 977 Table amended

Characteristics

Table 22.22 Flash
Memory Characteristics

Test

ltem Symbol Min  Typ Max  Unit Conditions
Programming time™ 2 to — 10 200 ms/
128 bytes

Erase time™ ' 0 te — 50 1000 ms/block
Rewrite times Nwec 10077 10000™°—  Times
Data hold time tore® 10— —  year
Programming Wait time after SWE bit senir\gfﬂ X 1 — — s

Wait time after PSU bit semngM y 50 — — S
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Characteristics 7. The minimum number of rewrites after which all

Table 22.22 Flash characteristics are guaranteed. (The guaranteed range is one
Memory Characteristics to min. rewrites.)

8. Reference value at 25°C. (This is a general indication of the
number of rewrites possible under normal conditions.)

9. The data retention characteristics within the specified range,
including min. rewrites.

Appendix F Package 1267 Figure replaced
Dimensions

Figure F.1 TFP-120
Package Dimensions

Figure F.2 FP-128B 1268 Figure replaced
Package Dimensions

All trademarks and registered trademarks are the property of their respective owners.
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1.1 Overview

The H8S/2329 Group and H8S/2328 Group are series of microcomputers (MCUs: microcomputer
units), built around the H8S/2000 CPU, employing Renesas’ proprietary architecture, and
equipped with supporting functions 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 functions required for system configuration include DMA controller
(DMAC)* and data transfer controller (DTC) bus masters, ROM and RAM, a 16-bit timer-pulse
unit (TPU), programmable pulse generator (PPG), 8-bit timer, watchdog timer (WDT), serial
communication interface (SCI), A/D converter, D/A converter, and 1/O ports.

A high-functionality bus controller is also provided, enabling fast and easy connection of DRAM
and other kinds of memory.

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. 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 is thus speeded up, and processing speed increased.

The features of the H8S/2329 Group is shown in table 1.1.

Notes: 1. The DMAC is not supported in the H8S/2321.
2. F-ZTAT is a trademark of Renesas Technology Corp.
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CPU .

General-register machine

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

High-speed operation suitable for realtime control

— Maximum clock rate: 25 MHz

— High-speed arithmetic operations
8/16/32-bit register-register add/subtract: 40 ns (at 25-MHz operation)
16 x 16-bit register-register multiply: 800 ns (at 25-MHz operation)
32 + 16-hit register-register divide: 800 ns (at 25-MHz operation)

Instruction set suitable for high-speed operation

— Sixty-five basic instructions

— 8/16/32-bit move/arithmetic and logic instructions

— Unsigned/signed multiply and divide instructions

— Powerful bit-manipulation instructions

CPU operating mode

— Advanced mode: 16-Mbyte address space

Bus controller .

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

Chip select output possible for each area

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

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

Burst ROM directly connectable

Maximum 8-Mbyte DRAM™ directly connectable (or use of interval timer
possible)

External bus release function

DMA controller® .
(DMAC)

Choice of short address mode or full address mode

4 channels in short address mode

2 channels in full address mode

Transfer possible in repeat mode, block transfer mode, etc.
Single address mode transfer possible

Can be activated by internal interrupt
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controller (DTC)

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

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

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer
Pulse 1/0 processing capability for up to 16 pins
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 16-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible

8-bit timer,
2 channels

8-bit up-counter (external event count capability)
Two time constant registers
Two-channel connection possible

Watchdog timer
(WDT)

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI),
3 channels

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

A/D converter

Resolution: 10 bits
Input: 8 channel

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

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

D/A converter

Resolution: 8 bits

Output: 2 channels

1/0 ports

86 input/output pins, 9 input pins
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e High-speed static RAM

Product Code ROM RAM
H8S/2329B, H8S/2329E™ 384 kbytes 32 kbytes
H8S/2328™%, H8S/2328B 256 kbytes 8 kbytes
H8S/2327 128 kbytes 8 kbytes
H8S/2326 512 kbytes 8 kbytes
H8S/2324S — 32 kbytes
H8S/2323 32 kbytes 8 kbytes
H8S/2322R — 8 kbytes
H8S/2321 — 4 kbytes
H8S/2320 — 4 kbytes

Notes: 1. The on-chip debug function can be used with the E10A emulator
(E10A compatible version). However, some function modules and
pin functions are unavailable when the on-chip debug function is
in use. Refer to figures 1.7 and 1.8, Pin Arrangement. For
specifications, refer to the item for the H8S/2329B F-ZTAT.

2. Mask ROM version only.

Interrupt controller e 39 external interrupt pins (NMI, IRQO to IRQ7)
e 52 internal interrupt sources
e Eight priority levels settable

Power-down state e Medium-speed mode
e Sleep mode
e Module stop mode
e Software standby mode
e Hardware standby mode
e Variable clock division ratio
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External Data Bus

CPU

Operating On-Chip Initial Maximum
Mode Mode Description ROM Value  Value
1 I J— J— J— J—
2
3
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
5 expansion mode 8 bits 16 bits
6 On-chip ROM enabled  Enabled 8 bits 16 bits

expansion mode

7 Single-chip mode — —
8 — R R J— R
9
10 Advanced Boot mode Enabled 8 bits 16 bits
11 — —
12 — — — — —
13
14 Advanced User program mode Enabled 8 bits 16 bits
15 — —
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F-ZTAT)
External Data Bus

CPU

Operating On-Chip Initial Maximum
Mode Mode Description ROM Value  Value
1 — — — — —
2™

3
4*? Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode

5*2 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode

6 On-chip ROM enabled  Enabled 8 bits 16 bits
expansion mode

7 Single-chip mode Enabled — —

Notes: 1. Boot mode in the H8S/2329B F-ZTAT. See table 19.9, for
information on H8S/2329B F-ZTAT user boot modes. See table
19.9, for information on H8S/2329B F-ZTAT user program modes.

2. The ROMless versions can use only modes 4 and 5.

Clock pulse e Built-in duty correction circuit
generator
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Operating power supply voltage 2.7t03.6 V 3.0t03.6V

Operating frequency 2 to 20 MHz 2 to 25 MHz

Model HD64F2329B —
HD64F2329E™ —
HD6432328 e}
HD64F2328B —
HD6432327
HD64F2326
HD6412324S
HD6432323
HD6412322R
HD6412321
HD6412320

O: Products in the current lineup

Note: * The on-chip debug function can be used with the E10A emulator
(E10A compatible version). However, some function modules and pin
functions are unavailable when the on-chip debug function is in use.
Refer to figures 1.7 and 1.8, Pin Arrangement. For specifications, refer
to the item for the H8S/2329B F-ZTAT.

O

o

|
ololojlojo|o|oo|o|o

Oo|0|O0 |0 |0

Note: * Not supported in the H8S/2321.
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Notes: 1. The FWE pin applies to the H8S/2328B F-ZTAT and H8S/2326 F-ZTAT only.
The EMLE pin applies to the H8S/2329B F-ZTAT only.
The WDTOVF pin function is not available in the F-ZTAT versions.
2. ROM is not supported in the ROMless versions.

Figure 1.1 Mask ROM Versions, F-ZTAT Versions, H85/2324S, H8S/2322R, H8S/2320
Internal Block Diagram
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Figure 1.2 H8S/2321 Internal Block Diagram
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Pin Arrangement
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Note: * The FWE pin applies to the H8S/2328B F-ZTAT and H8S/2326 F-ZTAT only.
The WDTOVF pin function is not available in the F-ZTAT versions.

Figure 1.3 Mask ROM Versions, F-ZTAT Versions, H8S/2324S, H8S/2322R, H8S/2320 Pin
Arrangement (TFP-120: Top View)
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Note: * The FWE pin applies to the H8S/2328B F-ZTAT and H8S/2326 F-ZTAT only.
The WDTOVF pin function is not available in the F-ZTAT versions.

Figure 1.4 Mask ROM Versions, F-ZTAT Versions, H8S/2324S, H8S/2322R, H8S/2320 Pin

Arrangement (FP-128B: Top View)
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Figure 1.5 H8S/2321 Pin Arrangement (TFP-120: Top View)
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Figure 1.7 HD64F2329B Pin Arrangement (TFP-120: Top View)
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Note: * If an E10A emulator is used, the TDO, TDI, TDK, TMS, and TRST pins are used exclusively for the H-UDI and the
functions and function modules associated with these pins are not available. SCI channel 0 is not available. Also, the
watchdog timer continues to operate during break states and, if the settings specify that an internal reset is to be
performed, a reset is generated if an overflow occurs.

Refer to the E1I0A Emulator User's Manual for EL0A emulator connection examples.

Figure 1.9 HD64F2329E Pin Arrangement (TFP-120: Top View)

Rev.6.00 Sep. 27, 2007 Page 16 of 1268
REJ09B0220-0600

RENESAS




AVec

Vref

P4, /AN,

P4y /AN,
P4,/AN,
P4,/AN;
P4,/AN,
P4g/ANg
P4/ ANg/DA,
P4,/AN;/DA
AVss

P17/P015/TIOCBZITCLKSES)
P14/PO,,/TIOCA,
P15/PO,4/TIOCB, /TCLKC
P1,/PO,,/TIOCA,
P13/PO,,;/TIOCD,/TCLKB
P1,/PO;o/TIOCCy/ TCLKA
P1,/POg4/TIOCB,/DACK,
P1,/POg/TIOCA,/DACK,
MD,

PG,/CSy
PG,/CS,

102[30 P5,/ADTRG/IRQ,/WAIT/BREQO

[]103
C]104
]105
[]106
107
]108
]109
110
111
112
113
0114
0115
116
0117
118
0119
120
121
122
123
Cj124
CJ125
126
127
128

978 P5,/TxD,/IRQ,

BREQ

/BACK
9430 PF,/LCAS/WAIT/BREQO

961 PFy/
950 PF,

S0 dd oy x
xoxXxooo 1 (%)
=====2 I3 s
EEkEEEE, et E
oo x x b bot o =
P RO a g o »
0oQooouoapREm B3
00000000KSR >
FEEFFEEFEFEQloS o]
| D H ™ ¥ b o Mz W= L
gg‘o{w 5 x 00000000l o
— T loC |<C < < > woooooaoaalk-Ql- [a)
T hoOrEIL ODSNZ TRNH T D OR DN D ND O
L O oXpE OF S aNNNNN©©O© O 0Ne 0
ocooo>o>uWUX>SnZowooooooooooao>>0 >
0000000000 00000000000000000070
O N O S AN ORI NN IO OP N ED IO RS OW®
RS SIBBERBIIISIRRTCRIRIIRIBEES
64 1 P35/SCK,
6303 P34/SCKO*/TRST*
62 [0 P35/RxD;
61 1 P3,/RxDy*
60 1 P3;/TxD;
59 [0 P3,/TxDy*
58 Ve
57 0 PD;/Dyg
56 [1 PDg/Dyy
550 PDg/D;5
541 PD,/D;,
53[0 Vgg
520 PD4/Dyy
510 PD,/Dj,
50 0 PD; /D
49 [0 PDy/Dg
480 PE,/D;
47 A PEg/Dg
460 PEg/Dg
45 [0 PE,/D,
441 Vgg
43 0 PE4/Dg
420 PE,/D,
413 PE,/D;
40 3 PEy/Dy
390 Ve
SONRIVEERARIINIIRER SBIBEEH
o000 ooooooog EEREEEEERERE
B LT LL S BIEIEES S8 B 45IS
FLLL LI FTIE LS g #4518
QOO @mE N&H Fhbodhoodn TTTTTITD S
BEEREESY FEPESTEY Riandg g
T h o o
<L S S
aoooana

Note: * If an E10A emulator is used, the TDO, TDI, TDK, TMS, and TRST pins are used exclusively for the H-UDI and the
functions and function modules associated with these pins are not available. SCI channel 0 is not available. Also, the
watchdog timer continues to operate during break states and, if the settings specify that an internal reset is to be
performed, a reset is generated if an overflow occurs.

Refer to the E10A Emulator User's Manual for EL0A emulator connection examples.

Figure 1.10 HD64F2329E Pin Arrangement (FP-128B: Top View)
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Table 1.2  Pin Functions in Each Operating Mode

Pin No. Pin Name
Flash Memory
Programmer

TFP-120  FP-128B Mode 4" Mode 5™ Mode 6 Mode 7 Mode
1 5 Vee Vece Vece Vece Vece
2 6 Ao Ao PColAg PCo Ao
3 7 A A PCy/A; PC, A
4 8 A A PCa/A; PC, A,
5 9 As As PCalAs PCs As
6 10 Vss Vss Vss Vss Vss
7 1 A, A, PCJ/A, PC, A,
8 12 As As PCs/As PCs As
9 13 As As PCelAs PCs As
10 14 A A PC//A; PC, A
11 15 As As PBo/Ag PBo As
12 16 Ag A PB./A, PB, Ag
13 17 Auo Auo PB/Aso PB; A
14 18 An An PBa/Ax PB; An
15 19 Vss Vss Vss Vss Vss
16 20 A A PB4/As, PB, A
17 21 Aus Aus PBs/Ass PBs Aus
18 22 A A PBe/A PBs A
19 23 Aus Aus PB/Ass PB; Ass
20 24 Ass Ass PAo/Asg PA, Ass
21 25 Az Az PA/A7 PA; Ay
22 26 Aus Aug PA/Ag PA; A
23 27 Aso Aso PAs/As0 PA; NC
24 28 Vss Vss Vss Vss Vss
25 29 Ao Ao PAJA,RQ,  PAJIRQ, NC
26 30 PAs/Ax/IRQs  PAs/Ax/IRQs  PAs/Ax/IRQs  PAS/IRQs NC
27 31 PAJ/ALIIRQs  PAJALIRQs PAJALIRQs  PAIRQs NC
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Programmer

TFP-120  FP-128B Mode 4" Mode 5™ Mode 6 Mode 7 Mode
28 32 PA/AGIRQ;,  PAJALIRQ; PAJA%RQ; PA//IRQ; NC
29 33 P6,IRQy/CS; P6,/IRQ:/CS; P6,/IRQ/CS; P6,/IRQ; NC
30 34 P64IRQ/CSs P66IRQ/CSs P64IRQ/CSs  P66RQ: Vee
— 35 Vss Vss Vss Vss Vss
- 36 VSS VSS VSS VSS VSS
31 37 P6s/TRQ; P6s/TRQ; P6s/TRQ; P6s/TRQ; Vss
32 38 P6./RQo P6./RQo P64/TRQ, P6./TRQ, Vss
33 39 Vee Vece Vece Vece Vece
34 40 PE/Do PE/Do PE/Do PE, NC
35 41 PE,/D, PE,/D, PE,/D, PE; NC
36 42 PE./D, PE./D, PE./D, PE, NC
37 43 PE4/Ds PE4/Ds PE4/Ds PE; NC
38 44 VSS VSS VSS VSS VSS
39 45 PE./D, PE./D, PE./D, PE, NC
40 46 PEs/Ds PEs/Ds PEs/Ds PEs NC
41 47 PE4/Ds PE4/Ds PE4/Ds PEs NC
42 48 PE./D, PE./D, PE/D, PE; NC
43 49 Ds Ds Ds PDy /0o
44 50 De De De PD, /0,
45 51 Do Do Do PD;, /0,
46 52 D1 Du1 Du1 PD; /05
47 53 VSS VSS VSS VSS VSS
48 54 D12 D12 D12 PD, /04
49 55 Dis Dis Dis PDs 1/0s
50 56 Dis D4 D4 PDg /06
51 57 Dis Dis Dis PD; 110,
52 58 Vee Vee Vee Vee Vee
53 59 P3o/TXDo P34/TXDo P3o/TXDo P3o/TXDo NC
54 60 P3,/TXD, P3,/TXD, P3,/TXD, P3,/TXD, NC
55 61 P3,/RXDg P3,/RxDg P3,/RxDg P3,/RxDg NC
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Programmer

TFP-120 FP-128B Mode 4™ Mode 5** Mode 6 Mode 7 Mode

56 62 P34/RxD; P34/RxD; P34/RxD; P34/RxD: NC

57 63 P3./SCK, P3,/SCK, P3,/SCK, P3,/SCK, NC

58 64 P35/SCK; P35/SCK; P35/SCK; P35/SCK; NC

59 65 Vss Vss Vss Vss Vss

60 66 P6,/DREQ, 2 P6,/DREQ, >/ P6(DREQ, 2/ P6J/DREQ,™> NC
CS., CS., CS,

— 67 Vss Vss Vss Vss Vss

- 68 VSS VSS VSS VSS VSS

61 69 P6.JTEND, ™%/ P6JTEND,"/ P64/TEND," P6J/TEND,> NC
CSs CSs CSs

62 70 P6,/DREQ,™> P6,/DREQ,™> P6,/DREQ,™> P6,/DREQ,™> NC

63 71 P6JTEND:, " P64TEND."? P6,TEND:*> P6yTEND:*> NC

64 72 P2:/PO/ P2:/PO/ P2:/PO/ P2:/PO/ NC
TIOCB§/TMO; TIOCBJTMO; TIOCBSTMO; TIOCBs/TMO,

65 73 P2¢/POy/ P2¢/POy/ P2¢/POy/ P2¢/POy/ NC
TIOCAJTMO, TIOCASTMO, TIOCASTMO, TIOCASTMO,

66 74 P24/POs/ P24/POs/ P24/POs/ P24/POs/ Vss
TIOCBJTMCl, TIOCBJTMCl; TIOCBJTMCl; TIOCB4JTMCI,

67 75 P2./PO,/ P2./PO, P2./PO, P2./PO, WE
TIOCAJTMRI; TIOCAJ/TMRI; TIOCAJTMRI; TIOCAJ/TMRI,

68 76 P24/PO4/ P23/PO/ P23/PO/ P23/PO4/ CE
TIOCDs/TMClg  TIOCD3/TMCl, TIOCD&/TMCl, TIOCD4/TMClo

69 77 P2,/PO./ P2,/PO./ P2,/PO./ P2,/PO./ OE
TIOCCy/TMRI;  TIOCC3/TMRI, TIOCC/TMRI; TIOCCa/TMRIo

70 78 P2./PO/ P2./PO/ P2./PO/ P2./PO/ NC
TIOCB;, TIOCB;, TIOCB; TIOCB;

71 79 P24/POy/ P24/POy/ P24/POy/ P24/POy/ NC
TIOCA, TIOCA, TIOCA, TIOCA,

72 80 WDTOVF WDTOVF WDTOVF WDTOVF FWE, EMLE™®
(FWE, EMLE)™® (FWE, EMLE)™*® (FWE, EMLE)™® (FWE, EMLE)™®

73 81 RES RES RES RES RES

74 82 NMI NMI NMI NMI Vee

75 83 STBY STBY STBY STBY Vee
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Programmer

TFP-120  FP-128B Mode 4" Mode 5™ Mode 6 Mode 7 Mode
76 84 Vece Vece Vece Vece Vece
77 85 XTAL XTAL XTAL XTAL XTAL
78 86 EXTAL EXTAL EXTAL EXTAL EXTAL
79 87 Vss Vss Vss Vss Vss
80 88 PF.l¢ PF.l¢ PFl¢ PFl¢ NC
81 89 Vee Vece Vece Vece Vece
82 90 PFs/AS PFs/AS PFs/AS PFs NC
83 91 RD RD RD PFs NC
84 92 AWR AWR AWR PF, NC
85 93 PFJ/LWR PFJ/LWR PFJ/LWR PF; NC
86 94 PF/LCAS™/ PFJLCAS™/ PF,/LCAS™ PF, NC
WAIT/BREQO WAIT/BREQO WAIT/BREQO
87 95 PF./BACK PF./BACK PF./BACK PF, NC
88 96 PF./BREQ PF./BREQ PF/BREQ PF, NC
89 97 P50/TxDo/IRQs P5¢/TxDA/IRQ, P54/TxD.IRQ, P54/ TxD:/IRQ, NC
90 98 P5,/RXD,/IRQs P5,/RXxD,/IRQs P5,/RXxD,/IRQs P5,/RXDAIRQs  Vec
— 99 Vss Vss Vss Vss Vss
— 100 Vss Vss Vss Vss Vss
91 101 P5,/SCK2/ P5,/SCK2/ P5,/SCK2/ P5,/SCK2/ NC
IRQs IRQs IRQs TRQs
92 102 P5J/ADTRG/ ~ P5J/ADTRG/ ~ P5/ADTRG/  P5/ADTRG/  NC
IRQ./WAIT/  TRQ/WAM/  IRQ/WAT/ IRQ;
BREQO BREQO BREQO
93 103 AVce AVce AVce AVce Vee
94 104 Vier Vier Vier Vier Vee
95 105 P4o/AN, P4o/AN, P4o/AN, P4o/AN, NC
96 106 P4,/AN; P4,/AN; P4,/AN; P4,/AN; NC
97 107 P4,/AN, P4,/AN, P4,/AN, P4,/AN, NC
98 108 P43/AN; P43/AN; P43/AN; P43/AN; NC
99 109 P44JAN, P44JAN, P44JAN, P44JAN, NC
100 110 P4s/ANs P4s/ANs P4s/ANs P4s/ANs NC
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Programmer

TFP-120 FP-128B Mode 4™ Mode 5** Mode 6 Mode 7 Mode
101 111 P4s/ANs/DA;  P4s/ANs/DA;  P4s/ANs/DA;  P4g/ANs/DA;  NC
102 112 P4,JAN// DA; P4 JAN//DA, P4 AN./DA, P4 /AN./DA,  NC
103 113 AVss AVss AVss AVss Vss
104 114 VSS VSS VSS VSS VSS
105 115 P1,/PO.s/ P1,/PO.s/ P1,/PO.s/ P1,/PO.s/ NC
TIOCB/ TIOCB/ TIOCB/ TIOCB/
TCLKD TCLKD TCLKD TCLKD
106 116 P15/POL/ P1s/POL/ P15/POL/ P15/POL/ NC
TIOCA, TIOCA, TIOCA, TIOCA,
107 117 P15/PO.y/ P15/PO.y/ P15/PO.y/ P15/PO.y/ NC
TIOCBY TIOCBY TIOCBY TIOCBY
TCLKC TCLKC TCLKC TCLKC
108 118 P1,/PO.,/ P1,/PO.,/ P14/PO.,/ P14/PO.,/ NC
TIOCA, TIOCA, TIOCA, TIOCA,
109 119 P14/PO.y/ P1s/PO.y/ P1s/PO.y/ P1s/PO.y/ NC
TIOCDy/ TIOCDy/ TIOCDy/ TIOCDy/
TCLKB TCLKB TCLKB TCLKB
110 120 P1,/PO.q/ P1,/PO4q/ P1,/PO.q/ P1,/PO.q/ NC
TIOCC,/ TIOCC,/ TIOCC,/ TIOCC,/
TCLKA TCLKA TCLKA TCLKA
111 121 PL/POy/ PL/POy/ PL/POy/ PL/POy/ NC
TIOCBY/ TIOCBY/ TIOCBY/ TIOCBY/
DACK,*® DACK,*® DACK,*® DACK,*®
112 122 P1,/POy/ P1,/POy/ P1,/POy/ P1,/POy/ NC
TIOCAJ/ TIOCAJ/ TIOCAY/ TIOCAJ/
DACK, DACK, DACK, DACK,
113 123 MDo MDy MDy MDy Vss
114 124 MD; MD; MD; MD; Vss
115 125 MD; MD; MD; MD; Vss
116 126 PGJ/CAS ™  PGJ/CAS™  PGJ/CAS™ PG, NC
117 127 PG./CS; PG./CS; PG./CS; PG, NC
118 128 PG./CS; PG./CS; PG./CS; PG, NC
119 1 PG,/CS; PG,/CS; PG,/CS; PGs NC
120 2 PG./CS, PG./CS, PG./CS, PG, NC
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Programmer

TFP-120  FP-128B Mode 4™ Mode 5™ Mode 6 Mode 7 Mode
— 3 Vss Vss Vss Vss Vss
— 4 VssNC™’ VssNC™’ VssNC™’ VssNC™’ NC
Notes: 1. Only modes 4 and 5 are provided in the ROMIless version.
2. The DREQO, TENDO, DREQ1, and TEND1 pin functions are not supported in the
H8S/2321.
3. The FWE pin applies to the H8S/2328B F-ZTAT and H8S/2326 F-ZTAT only. The
EMLE pin applies to the H8S/2329B F-ZTAT only. The WDTOVF pin function is not
available in the F-ZTAT versions.
4. The LCAS pin function is not supported in the H8S/2321.
5. The DACK1 pin function is not supported in the H8S/2321.
6. The DACKO and CAS pin functions are not supported in the H85/2321.
7. The VssNC pin is connected to the Vss pin or released.
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Table 1.3  Pin Functions

Pin No.
Type Symbol TFP-120 FP-128B 1/O Name and Function
Power Vce 1, 33, 5, 39, Input  Power supply: For connection to the
52, 76, 58, 84, power supply. All Vcc pins should be
81 89 connected to the system power
supply.
Vss 6, 15, 3, 10, Input  Ground: For connection to ground
24, 38, 19, 28, (0 V). All Vss pins should be
47, 59, 35, 36, connected to the system power
79,104 44,53, supply (0 V).
65, 67,
68, 87,
99, 100,
114
Clock XTAL 77 85 Input  Connects to a crystal resonator.
See section 20, Clock Pulse
Generator for typical connection
diagrams for a crystal resonator and
external clock input.
EXTAL 78 86 Input  Connects to a crystal resonator.
The EXTAL pin can also input an
external clock.
See section 20, Clock Pulse
Generator for typical connection
diagrams for a crystal resonator and
external clock input.
[0} 80 88 Output System clock: Supplies the system

clock to an external device.
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Operating mode MD; to 115to 125 to Input  Mode pins: These pins set the
control MDo 113 123 operating mode.
The relation between the settings of
pins MD; to MD, and the operating
mode is shown below. These pins
should not be changed while the chip
is operating.

H8S/2328B F-ZTAT,
H8S/2326 F-ZTAT:

Operating
FWE MD; MD; MDo Mode

0 0 0 1 —

1 0 —
1 J—
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6
1 Mode 7
1 0 o 0 —
1 J—
1 0 Mode 10
1 Mode 11
1 o 0 —
1 J—
1 0 Mode 14
1 Mode 15
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Operating mode MD; to 115to 125 to Input
control MDog 113 123

Mask ROM and ROMless versions,
H8S/2329B F-ZTAT:

Operating
MD2 MD1 MDo Mode

Mode 2**
Mode 3™

Mode 4™
Mode 5™

l_\
o
O|lr|O|FR|O|r

Mode 6
1 Mode 7

Notes: 1. Applies to the H8S/2329B
F-ZTAT only.

2. The ROMless versions can
use only modes 4 and 5.

System control RES 73 81 Input

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

STBY 75 83 Input

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

BREQ 88 96 Input

Bus request: Used by an external
bus master to issue a bus request to
the chip.

BREQO 86, 92 94,102  Output

Bus request output: The external
bus request signal used when an
internal bus master accesses external
space in the external bus-released
state.

BACK 87 95 Output

Bus request acknowledge:
Indicates that the bus has been
released to an external bus master.
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System control FWE™ 72 80 Input  Flash write enable: Enables/
disables flash memory programming.

EMLE™ 72 80 Input  Emulator enable: For connection to
the power supply (0 V)

Interrupts NMI 74 82 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt. When this pin
is not used, it should be fixed high.

IRQ7 to 28t025, 32t029, Input Interruptrequest 7 to 0: These pins

IRQo 29to 32, 33, 34, request a maskable interrupt.

89t092 37,3897,
98, 101,
102

Address bus Azs to 281025, 32t029, Output Address bus: These pins output an

Ao 23to 16, 27 to 20, address.

14to7, 18to 11,
5t0 2 9t06

Data bus Dis to 51to48, 57to54, 1/O Data bus: These pins constitute a

Do 46 t0 39, 52 to 45, bidirectional data bus.

37t034 43to40

Bus control CS/to 29,30, 33,34, Output Chip select: Signals for selecting

CSo 61, 60, 69, 66, areas 7 to 0.

117 to 120 127, 128,
1,2

AS 82 90 Output Address strobe: When this pin is
low, it indicates that address output
on the address bus is enabled.

RD 83 91 Output Read: When this pin is low, it
indicates that the external address
space can be read.

HWR 84 92 Output High write/write enable: A strobe
signal that writes to external space
and indicates that the upper half (D15
to Dg) of the data bus is enabled.
The 2-CAS type DRAM write enable
signal.

LWR 85 93 Output Low write: A strobe signal that

writes to external space and
indicates that the lower half (D7 to Do)
of the data bus is enabled.
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Bus control CAS™ 116 126 Output Upper column address strobe/
column address strobe: The 2-CAS
type DRAM upper column address
strobe signal.

LCAS™ 86 94 Output Lower column address strobe: The
2-CAS type DRAM lower column
address strobe signal.

WAIT 86, 92 94, 102 Input  Wait: Requests insertion of a wait
state in the bus cycle when
accessing external 3-state access
space.

DMA controller DREQq, 62, 60 70, 66 Input DMA request 1 and 0: These pins

(DMAC) *® DREQo request DMAC activation.

TEND;, 63, 61 71, 69 Output DMA transfer end 1 and 0: These

TENDo pins indicate the end of DMAC data
transfer.

DACKj, 111,112 121,122 Output DMA transfer acknowledge 1 and

DACKGo 0: These are the DMAC single
address transfer acknowledge pins.

16-hit timer TCLKD to 105, 107, 115,117, Input Clock input D to A: These pins input

pulse unit TCLKA 109, 110 119, 120 an external clock.

(TPU)

TIOCA,, 112 to 122 to 110 Input capture/output compare

TIOCBo, 109 119 match AO to DO: The TGROA to

TIOCC,, TGROD input capture input or output

TIOCDg compare output, or PWM output pins.

TIOCA,, 108, 107 118,117 1/O Input capture/output compare

TIOCB;: match Al and B1: The TGR1A and
TGR1B input capture input or output
compare output, or PWM output pins.

TIOCA,, 106, 105 116,115 1/O Input capture/output compare

TIOCB: match A2 and B2: The TGR2A and
TGR2B input capture input or output
compare output, or PWM output pins.

TIOCAs3, 71to68 79to76 1/O Input capture/output compare

TIOCBs, match A3 to D3: The TGR3A to

TIOCC;, TGR3D input capture input or output

TIOCD3 compare output, or PWM output pins.
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16-hit timer TIOCA,, 67, 66 75, 74 1/0 Input capture/output compare
pulse unit TIOCB4 match A4 and B4: The TGR4A and
(TPU) TGR4B input capture input or output
compare output, or PWM output pins.
TIOCA:s, 65, 64 73,72 1/0 Input capture/output compare
TIOCBs match A5 and B5: The TGR5A and
TGR5B input capture input or output
compare output, or PWM output pins.
Programmable PO;sto 105 to 115to Output Pulse output 15 to 0: Pulse output
pulse generator POq 112, 122, pins.
(PPG) 64to71 72to79
8-bit timer TMOy, 65, 64 73,72 Output Compare match output: The
TMO1 compare match output pins.
TMClo, 68, 66 76, 74 Input  Counter external clock input: Input
TMCly pins for the external clock input to the
counter.
TMRIp, 69, 67 77,75 Input  Counter external reset input: The
TMRIy counter reset input pins.
Watchdog WDTOVF™ 72 80 Output Watchdog timer overflow: The
timer (WDT) counter overflow signal output pin in
watchdog timer mode.
Serial TxDo, 89, 54, 97, 60, Output Transmit data (channel 0, 1, 2):
communication TxD1, 53 59 Data output pins.
interface (SCI)/ TxDo
_sma;t card RxD, 90, 56, 98, 62, Input Receive data (channel 0, 1, 2):
interiace RxDq, 55 61 Data input pins.
RxDg
SCKj, 91, 58, 101, 64, 631/0 Serial clock (channel 0, 1, 2):
SCKy, 57 Clock I/0 pins.
SCKo
A/D converter ANy to 102 to 112 to Input  Analog 7 to 0: Analog input pins.
ANp 95 105
ADTRG 92 102 Input  A/D conversion external trigger
input: Pin for input of an external
trigger to start A/D conversion.
D/A converter DA, DA; 102,101 112,111 Output Analog output: D/A converter

analog output pins.
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A/D converter  AVcc
and D/A
converter

93

103

Input

This is the power supply pin for the
A/D converter and D/A converter.
When the A/D converter and D/A
converter are not used, this pin
should be connected to the system
power supply (+3 V).

AVss

103

113

Input

This is the ground pin for the A/D
converter and D/A converter.

This pin should be connected to the
system power supply (0 V).

Vet

94

104

Input

This is the reference voltage input pin
for the A/D converter and D/A
converter.

When the A/D converter and D/A
converter are not used, this pin
should be connected to the system
power supply (+3 V).

1/0 ports P1;to
Plo

105 to
112

115to
122

110

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

P2; to
P2

64to71

721079

110

Port 2: An 8-bit I/O port. Input or
output can be designated for each bit
by means of the port 2 data direction
register (P2DDR).

P35 to
P3o

58 to 53

64 to 59

110

Port 3: A 6-bit 1/0 port. Input or
output can be designated for each bit
by means of the port 3 data direction
register (P3DDR).

P4, to
P4,

102 to
95

112 to
105

Input

Port 4: An 8-bit input port.

P53 to
P5¢

92 to 89

102, 101,
98, 97

I/0

Port 5: A 4-bit 1/0 port. Input or
output can be designated for each bit
by means of the port 5 data direction
register (P5DDR).
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1/0 ports

P67 to 291032, 33,34, 110 Port 6: An 8-bit I/O port. Input or

P6o 63to 60 37, 38, output can be designated for each bit
71 to 69, by means of the port 6 data direction
66 register (P6DDR).

PA; to 28t025, 32t029, 1O Port A: An 8-bit I/O port. Input or

PAo 23t020 27to24 output can be designated for each bit

by means of the port A data direction
register (PADDR).

PB- to 19to 16, 23t020, 1/O Port B*®; An 8-bit I/O port. Input or

PBo 14to11 18to 15 output can be designated for each bit
by means of the port B data direction
register (PBDDR).

PC; to 10to7, 14to11, 1/O Port C**: An 8-bit I/O port. Input or

PCo 5t02 9to 6 output can be designated for each bit
by means of the port C data direction
register (PCDDR).

PD; to 51t0 48, 57to54, 1/0 Port D**; An 8-bit I/O port. Input or

PDg 46t043 521t049 output can be designated for each bit
by means of the port D data direction
register (PDDDR).

PE; to 42t0 39, 48to45, I/O Port E: An 8-bit I/O port. Input or

PEo 37t034 43t040 output can be designated for each bit
by means of the port E data direction
register (PEDDR).

PF; to 80, 88, 1/10 Port F: An 8-bit I/O port. Input or

PFo 82t088 901t0 96 output can be designated for each bit
by means of the port F data direction
register (PFDDR).

PG4 to 120 to 2,1, 1/0 Port G: A 5-bit I/O port. Input or
PGo 116 128 to output can be designated for each bit
126 by means of the port G data direction

register (PGDDR).

Notes: 1.

A

Applies to the H8S/2328B F-ZTAT and H8S/2326 F-ZTAT only.
Applies to the H8S/2329B F-ZTAT only.

Not supported in the H8S/2321.

Not available in the F-ZTAT versions.

Cannot be used as an /O port in the ROMIess versions.
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2.1 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-bit
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

2.1.1 Features
The H8S/2000 CPU has the following features.

e Upward-compatible with H8/300 and H8/300H CPUs
— Can execute H8/300 and H8/300H object programs
o General-register architecture
— Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)
o Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
o 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 @—ERn]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@@aa:8]
e 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes (4 Ghytes architecturally)
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— Maximum clock rate: 25 MHz
— 8/16/32-bit register-register add/subtract: 40 ns

— 8 x 8-bit register-register multiply: 480 ns
— 16 + 8-hit register-register divide: 480 ns
— 16 x 16-bit register-register multiply: 800 ns
— 32 + 16-hit register-register divide: 800 ns

e CPU operating mode
— Advanced mode

e Power-down state
— Transition to power-down state by SLEEP instruction
— CPU clock speed selection

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

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

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

e Number of execution states
The number of exection states of the MULXU and MULXS instructions.

Internal Operation

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, CCR and EXR functions, power-down state, etc.,
depending on the product.
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In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

More general registers and control registers

— Eight 16-bit expanded registers, and one 8-bit control register, have been added.

Expanded address space

— Advanced mode supports a maximum 16-Mbyte address space.

Enhanced addressing

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

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.

— Signed multiply and divide instructions have been added.

— Two-bit shift instructions have been added.

— Instructions for saving and restoring multiple registers have been added.

— A test and set instruction has been added.

Higher speed

— Basic instructions execute twice as fast.

2.1.4 Differences from H8/300H CPU

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

Additional control register

— One 8-bit control register has been added.

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.
— Two-bit shift instructions have been added.

— Instructions for saving and restoring multiple registers have been added.
— Atest and set instruction has been added.

Higher speed

— Basic instructions execute twice as fast.
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The H8S/2329 and H8S/2328 Group CPU has advanced operating mode. Advanced mode
supports a maximum 16-Mbyte total address space (architecturally a maximum 16-Mbyte program
area and a maximum of 4 Ghytes for program and data areas combined). The mode is selected by
the mode pins of the microcontroller.

Advanced Mode

Address Space: Linear access is provided to a 16-Mbyte maximum address space (architecturally
a maximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Ghytes 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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bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 2.1).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved
~ Power-on reset exception vector
H'00000003
H'00000004 | )
Reserved
H'00000007 | |
H'00000008
I 1 > Exception vector table
H'0000000B | |
(Reserved for system use)
H'0000000C | |
H'00000010 Reserved
7 Exception vector 1 |

Figure 2.1 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP 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-bit branch address. The upper 8 bits of these 32 bits are a reserved area that 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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are pushed onto the stack in exception handling, they are stored as shown in figure 2.2. When
EXR is invalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

SP—

\/_\

Reserved

- - - PC ——
(24 bits)

\/_\

(@) Subroutine Branch

*2
(SP—)

\/\

EXR™

Reserved™ *3

CCR

- PC N
(24 bits)

\/\

(b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.

2. SP when EXR is not used.
3. Ignored when returning.

Figure 2.2 Stack Structure in Advanced Mode
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Figure 2.3 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 16-Mbyte (architecturally 4-Gbyte) address space in advanced mode.

H'00000000
Program area
H'OOFFFFFF
Data area
Cannot be
used by the
H8S/2329 and
H8S/2328
Group
H'FFFFFFFF

Advanced Mode

Figure 2.3 Memory Map
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24.1 Overview

The CPU has the internal registers shown in figure 2.4. 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 E1l R1H RI1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers (CR)
23 0
| PC |
76543210
EXR [T|-|—[-[-]12]iz]io|
76543210
CCR |1 UlH|U|N[Z]V[c]
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter U: User bit
EXR:  Extended control register N: Negative flag
T: Trace hit Z: Zeroflag
12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carryflag

I: Interrupt mask bit

ul: User bit or interrupt mask bit*

Note: * In the H8S/2329 Group and H8S/2328 Group, this bit cannot be used as an interrupt

mask.

Figure 2.4 CPU Registers
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The CPU has eight 32-bit general registers. These general registers are all functionally alike and
can be used as both address registers and data registers. When a general register is used as a data
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). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

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

Figure 2.5 illustrates the usage of the general registers. The usage of each register can be selected
independently.

¢ Address registers

¢ 32-bit registers ¢ 16-bit registers e 8-bit registers
E registers (extended registers)
(EO to E7)

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

(RO to R7)
RL registers
(ROL to R7L)

Figure 2.5 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 2.6 shows the
stack.
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Free area

SP (ER7) —»| ]

Stack area

/\_/

Figure 2.6 Stack

2.4.3 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 is ignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0.)

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

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

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

Bits 2 to 0—Interrupt Mask Bits (12 to 10): These bits designate the interrupt mask level (0 to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.
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1 NIS o-DIT regISter contains Internal LEU status 1Information, inciuding an mterrupt mask oit (1) ana
half-carry (H), negative (N), zero (Z), 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 I bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. With the H8S/2329 Group and H8S/2328
Group, this bit cannot be used as an interrupt mask bit.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry or
borrow at bit 27, and cleared to 0 otherwise.

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 (2): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

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

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

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

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

Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, Instruction List.
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(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 bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV L instruction executed immediately
after a reset.

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 accessing bitn (n=0, 1, 2, ..., 7) of byte
operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.
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Figure 2.7 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data rRn 7 0
7[6[s]4[3]2[1]0o]  Dontcare
1-bit data rRo
| Domtcare  [7]6[5]4]3]2[1]0]
4-bit BCD data RnH 7 4 3 o
| Upper | Lower |  Dontcare
4-bit BCD data rRo 7 4 3 0
______ D 9_n_’t__c_egr_e_ _____ | Upper | Lower |
Byte data RnH 7 o
| Don't care
MSB Lse T '
Byte data rRo. 7 0
oomewe [ 1111
""""""""""" MSB LSB

Figure 2.7 General Register Data Formats
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Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERn

31 16 15 0

MSB En Rn LSB

Legend:

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

Figure 2.7 General Register Data Formats (cont)
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Figure 2.8 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 applies to

instruction fetches.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M + 1

Address 2N
Address 2N + 1
Address 2N + 2
Address 2N + 3

Data Format

0
6543|210
MsB, ;. . . . LSB
MSB:
| LsB
MSB:
'LSB

Figure 2.8 Memory Data Formats

When ER?7 is used as an address register to access the stack, the operand size should be word size

or longword size.
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2.6.1 Overview

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function in
table 2.1.

Table 2.1  Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP™!, PUSH™ WL
LDM, STM L
MOVFPE, MOVTPE™ B
Arithmetic ADD, SUB, CMP, NEG BWL 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
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*z, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1
Total: 65
Legend:
B: Byte
W: Word
L: Longword

Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.
2. Bcc is the general name for conditional branch instructions.
3. Cannot be used in the H8S/2329 Group and H8S/2328 Group.
4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2600 CPU

can use.
Table 2.2  Combinations of Instructions and Addressing Modes
Addressing Modes
T
=
= |2 |G ~
Function | Instruction & & ® 5 Q -
%) o c © < o~ o < ©
g ! ¢! ['4 * b N ] o — S
s || |2 |2 %Y g[8 |8 |8 |2 |2 @
# o4 ® ® ® ® ® ® ® ® ® ® ® \
Data MOV BWL | BWL | BWL | BWL | BWL | BWL B BWL — BWL — — — —_
transfer POP, PUSH — — — — — — — — — — — | wL
LDM, STM — | = = | = | = — = =1 =1 =1=1= L
MOVFPE, — | - = = | = | == B — | - = = | ==
MOVTPE™1
Arithmetic | ADD, CMP BWL | BWL — — — —_ — — — — — — — —
operations | sy WL | BWL — — — — — — — — — — — —
ADDX, SUBX B B — — — — — — — — — — _ _
ADDS, SUBS | — L — — — — — — — — — _ _ _
INC, DEC — BWL — — — — — — — — — _ _ _
DAA, DAS — B — —_ —_ — — — — — — — — —
MULXU, — BW — — — —_ — — — — — — — —
DIVXU
MULXS, — BW — — — — — — — — _ _ _ _
DIVXS
NEG — BWL — — — —_ — — — — — — — —
EXTU, EXTS — WL — — — — — — — — — — _ _
TAS™2 — — B — — — — — — — — — — _
Logic AND, OR, BWL | BWL | — — — — — — — — — — — —
operations | XOR
NOT — |BWL | — — — — — — — — — — —
Shift — |BWL | — — — — — — — _ — — _ _
Bit manipulation — B B — — — B B — B — — _
Branch Bcc, BSR — — — — — — — — — — O O — —
JMP, JSR — -] =1l=]=1=]1=]O]=1=]=10] =
RTS — — — — — — — — — — — — — O
System TRAPA — — — — — — — — — _ _ _ _ O
control RTE — — — — —_ — — — — — — — — O
SLEEP — — — — — — — — — — — _ _ @)
LDC B B W W W W — W — W — — — —
STC — B w W W W — W — w — — — —
ANDC, B — — —_ — — — — — — — — — _
ORC, XORC
NOP - -1 -1-1-/1-1/1-1-"/-—/—-—/—-—1—-—1—-10
Block data transfer — — — — — — — _ — _ _ _ _ BW
Legend:
B: Byte
W: Word

L: Longword
Notes: 1. Cannot be used in the H8S/2329 Group and H8S/2328 Group.

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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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

(EAS) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

® Logical exclusive OR

- Move

A NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-hit 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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|ypc niotruevuvilnl NLT rulrireuvlni
Data transfer MOV B/WIL  (EAs) » Rd, Rs — (Ead)

Moves data between two general registers or between a
general register and memory, or moves immediate data
to a general register.

MOVFPE B Cannot be used in the H8S/2329 Group and H8S/2328
Group.

MOVTPE B Cannot be used in the H8S/2329 Group and H8S/2328
Group.

POP wWi/L @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L
@SP+, ERn.

PUSH Wi/L Rn »> @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @-SP. PUSH.L ERn is identical
to MOV.L ERn, @-SP.

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

ST™M L Rn (register list) > @-SP

Pushes two or more general registers onto the stack.
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operations SUB

Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)

ADDX B Rd+Rs+C —> Rd, Rd+#MM+C — Rd

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

INC BW/IL Rd+*1—>Rd, Rd+2— Rd

DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)

ADDS L Rd+1—>Rd, Rd+2—>Rd, Rd*4 — Rd

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

DAA B Rd decimal adjust - Rd

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

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

MULXS B/W Rd x Rs — Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bhits 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-hit
remainder or 32 bits + 16 bits — 16-bit quotient and 16-
bit remainder.
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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

@ERd - 0, 1 —> (<bit 7> of @Erd)™
Tests memory contents, and sets the most significant bit
(bit 7) to 1.
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operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR BW/L RdvRs—Rd, Rdv#MM — Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR BW/L Rd®Rs—> Rd, Rd®#MM — Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT BW/L = (Rd) — (Rd)
Takes the one's complement of general register
contents.
Shift SHAL B/W/L  Rd (shift) > Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) > Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) -» Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L Rd (rotate) > Rd
ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.

Rev.6.00 Sep. 27, 2007 Page 54 of 1268

REJ09B0220-0600

RENESAS



manipulation
instructions

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

BCLR

0 — (<bit-No.> of <EAd>)

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

BNOT

= (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

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

BTST

= (<bit-No.> of <EAd>) —» Z

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

BAND

BIAND

C A (<bit-No.> of <EAd>) —» C

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

C A = (<bit-No.> of <EAd>) —» C

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

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

BOR

BIOR

C v (<bit-No.> of <EAd>) » C

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

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

C ® - (<bit-No.> of <EAd>) — C

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

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

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

= (<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.

manipulation
instructions
BIXOR
BLD
BILD
BST
BIST

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

- 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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instructions

is true. The branching conditions are listed below.

Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High CvzZ=0
BLS Low or same Cvz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NeV=0
BLT Less than NeV=1
BGT Greater than ZvIN®V)=0
BLE Less or equal ZviN®V)=1
JMP Branches unconditionally to a specified address.
BSR Branches to a subroutine at a specified address.
JSR Branches to a subroutine at a specified address.
RTS Returns from a subroutine.
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instructions RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

B/W

(EAs) —» CCR, (EAs) » EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 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 A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

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

NOP

PC+2—PC
Only increments the program counter.
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transfer Repeat @ER5+ - @ER6+
instruction R4L-1 — R4L
UntilR4L =0
else next;

EEPMOV.W — if R4 = 0 then
Repeat @ER5+ - @ERG6+
R4-1 - R4
UntilR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ER6.

RA4L or R4: size of block (bytes)
ERS: starting source address
ERG6: starting destination address

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

Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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The CPU instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (op field), a register field (r field), an effective address extension (EA field), and a condition
field (cc).

Figure 2.9 shows examples of instruction formats.

(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

Figure 2.9 Instruction Formats (Examples)

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

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

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

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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2.7.1 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
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2.4  Addressing Modes

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

(1) Register Direct—Rn: The register field of the instruction specifies an 8-, 16-, or 32-bit
general register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified
as 32-bit registers.

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

(3) Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn): A 16-bit or 32-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.
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ReEgISter Inairect with post-increment—@er~n+
The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

o Register indirect with pre-decrement—@-ERn
The value 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. The result is
also stored in the address register. The value subtracted is 1 for byte access, 2 for word transfer
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) 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 bits long (@aa:32).

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

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

Table 2.5 indicates the accessible absolute address ranges.

Table 2.5  Absolute Address Access Ranges

Absolute Address Advanced Mode
Data address 8 bits (@aa:8) H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction address 24 bits (@aa:24)
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The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d:16, PC): This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended 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 all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is =126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes (-16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@ @aa:8: This mode can be used by the JMP 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 0,
so the address range is 0 to 255 (H'000000 to H'0000FF).

In advanced mode the memory operand is a long word operand, the first byte of which is assumed
to be all 0 (H'00).

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

\_/—\

Specified — Reserved
by @aa:8

Branch address

Advanced Mode

Figure 2.10 Branch Address Specification in Memory Indirect Mode
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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 calculated in each addressing mode.
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2.8.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2.11 shows a diagram of the
processing states. Figure 2.12 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

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode etc.

Figure 2.11 Processing States
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Bus request
Program execution
state
End of bus SLEEP
qu Bus instruction
request SLEEP wn
: . \SSBY =0
' instruction
with
Bus-released state SSBY =1
Request for : 7777777777777777777777777777777
Eggeoiion exception 1 !
hand?ing handling Sleep mode
Interrupt
request
Exception-handling state
[ External interrupt Software standby mode

RES = high
ﬁ STBY = high, RES = low »
Reset state™! - : Hardware standby mode™

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure 2.12 State Transitions

2.8.2 Reset State

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

The reset state can also be entered by a watchdog timer overflow. For details, refer to section 13,
Watchdog Timer.
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The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to a reset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Types of Exception Handling and Their Priority

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

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

Table 2.7  Exception Handling Types and Priority
Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
4 immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows
Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence*1 exception-handling sequence
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence*2 current exception-handling
sequence
Trap instruction When TRAPA instruction  Exception handling starts when
is executed a trap (TRAPA) instruction is
Low executed™
Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception-handling is not
executed at the end of the RTE instruction.
2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.
3. Trap instruction exception handling is always accepted, in the program execution state.
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AIEr the keS pIn has gone 10w and the reset state Nas Deen entered, wnen KesS goes nign 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.

(3) Traces

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

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

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

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

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

Figure 2.13 shows the stack after exception handling ends.
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\/\ \/—\

SP— EXR
Reserved*
SP— CCR CCR
PC PC
(24 bits) (24 bits)
(c) Interrupt control mode 0 (d) Interrupt control mode 2

Note: * Ignored when returning.

Figure 2.13 Stack Structure after Exception Handling (Examples)

2.8.4 Program Execution State

In this state the CPU executes program instructions in sequence.

2.8.5 Bus-Released State

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

There is one other bus master in addition to the CPU: the DMA controller (DMAC)™* and data
transfer controller (DTC).

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

Note: * The DMAC is not supported in the H8S/2321.
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The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are three modes in which the CPU stops operating: sleep mode,
software standby mode, and hardware standby mode. There are also two other power-down
modes: medium-speed mode, and module stop 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. For details, refer to section 21, Power-Down Modes.

(1) 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 (SBYCR) is cleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents of
CPU registers are retained.

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

(3) Hardware 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.

2.9 Basic Timing

2.9.1 Overview

The CPU is driven by a system clock, denoted by the symbol ¢. The period from one rising edge
of ¢ to the next is referred to as a "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.

2.9.2 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 2.14 shows the on-chip memory access cycle. Figure 2.15 shows
the pin states.
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Internal address bus X Address

X
Internal read signal \ /

Read
access ‘
Internal data bus ( Readdata y——
. Internal write signal N\ i/
Write ! !
access |

Internal data bus

N

Write data >—

Figure 2.14 On-Chip Memory Access Cycle

Address bus Unchanged

AS High ‘
RD | High |
FWR, LWR T Ao
Data bus 3High-impedance state%

Figure 2.15 Pin States during On-Chip Memory Access
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The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16 bits
wide, depending on the particular internal 1/O register being accessed. Figure 2.16 shows the
access timing for the on-chip supporting modules. Figure 2.17 shows the pin states.

L Bus cycle ‘
1 T, ! T, 1
e
¢ ‘ | i
Internal address bus >< Address ><
Internal read signal \ /
Read ! :
access ! / ‘
Internal data bus 3 \ Read data >—
Internal write signal 1 \ /
Write ‘
access ‘ f
Internal data bus < Write data >—

Figure 2.16 On-Chip Supporting Module Access Cycle
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Address bus Unchénged

AS Hi:gh

RD Hi:gh

FWR, LWR Hijgh

Data bus High-impe(:jance state

Figure 2.17 Pin States during On-Chip Supporting Module Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 6, Bus Controller.

2.10  Usage Note

2.10.1 TAS Instruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Renesas 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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3.1 Overview

3.11 Operating Mode Selection (H8S/2328B F-ZTAT, H8S/2326 F-ZTAT)

The H8S/2328B F-ZTAT and H8S/2326 F-ZTAT have eight operating modes (modes 4 to 7, 10,
11, 14 and 15). These modes are determined by the mode pin (MD, to MD,) and flash write enable
pin (FWE) settings. The CPU operating mode and initial bus width can be selected as shown in
table 3.1.

Table 3.1 lists the MCU operating modes.

Table 3.1 MCU Operating Mode Selection (H8S/2328B F-ZTAT, H8S/2326 F-ZTAT)

External Data

MCU cPU Bus
Operating Operating On-Chip Initial Max
Mode FWE MD, MD;: MDo, Mode Description ROM Value Value
1 0 0 0 1 — — — — —
2 1 0
3 1
4 1 0 0 Advanced Expanded mode with Disabled 16 bits 16 bits
5 1 on-chip ROM disabled 8 bits 16 bits
6 1 0 Expanded mode with on-Enabled 8 bits 16 bits
chip ROM enabled

7 1 Single-chip mode — —

1 0 0 0 — — — — —

T

10 1 0 Advanced Boot mode Enabled 8 bits 16 bits
11 1 — —
12 1 0 0 — — — — —
13 1
14 1 0 Advanced User program mode Enabled 8 bits 16 bits
15 1 — —
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Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

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

Modes 10, 11, 14, and 15 are boot modes and user program modes in which the flash memory can
be programmed and erased. For details, see section 19, ROM.

The H8S/2328B F-ZTAT and H8S/2326 F-ZTAT can only be used in modes 4 to 7, 10, 11, 14,
and 15. This means that the flash write enable pin and mode pins must be set to select one of these
modes.

Do not change the inputs at the mode pins during operation.
3.1.2 Operating Mode Selection (Mask ROM and ROMlIess Versions, H85/2329B
F-ZTAT)

The ROMless and mask ROM versions have four operating modes (modes 4 to 7). H8S/2329B
F-ZTAT has six operating modes (modes 2 to 7). The operating mode is determined by the mode
pins (MD, to MDg). The CPU operating mode, enabling or disabling of on-chip ROM, and the
initial bus width setting can be selected as shown in table 3.2.

Table 3.2 lists the MCU operating modes.
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External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD, MD: MDg Mode Description ROM Value Value

1 0 0 1 — — — — —

2™ 1 0

3* 1

4*? 1 0 0 Advanced Expanded mode with  Disabled 16 bits 16 bits

5*2 1 on-chip ROM disabled 8 bits 16 bits

6 1 0 Expanded mode with  Enabled 8 bits 16 bits
on-chip ROM enabled

7 1 Single-chip mode — —

Notes: 1. Boot mode in the H8S/2329B F-ZTAT.
See table 19.9, for information on H8S/2329B F-ZTAT user boot modes. See table
19.9, for information on H8S/2329B F-ZTAT user program modes.

2. The ROMless versions can use only modes 4 and 5.

The CPUr's architecture allows for 4 Gbytes of address space, but the mask ROM and ROMless
versions, and H8S/2329B F-ZTAT actually access a maximum of 16 Mbytes.

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

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

The ROMless and mask ROM versions can only be used in modes 4 to 7. This means that the
mode pins must be set to select one of these modes. However, note that only mode 4 or 5 can be
set for the ROMless version.

H8S/2329B F-ZTAT can only be used in modes 2 to 7. This means that the mode pins must be set
to select one of these modes.

Do not change the inputs at the mode pins during operation.
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The H8S/2329 Group and H8S/2328 Group have a mode control register (MDCR) that indicates
the inputs at the mode pins (MD, to MDy), and a system control register (SYSCR) and a system

control register 2 (SYSCR2)™? that control the operation of the chip. Table 3.3 summarizes these
registers.

Table 3.3  Registers

Name Abbreviation R/W Initial Value Address™
Mode control register MDCR R Undefined H'FF3B
System control register SYSCR R/W H'01 H'FF39
System control register 2% SYSCR2 R/W H'00 H'FF42

Notes: 1. Lower 16 bits of the address.

2. The SYSCR?2 register can only be used in the F-ZTAT versions. In the mask ROM and
ROMIless versions this register will return an undefined value if read, and cannot be
modified.

3.2 Register Descriptions

3.2.1 Mode Control Register (MDCR)

Bit L7 6 5 4 3 2 1 0

- — | — | — 1 — ] — [ wmps2] mpst [ mDso |
Initial value : 1 0 0 0 0 —* _* _*
RIW - — — — — R R R

Note: * Determined by pins MD5 to MDo.

MDCR is an 8-bit read-only register that indicates the current operating mode of the H8S/2329
Group and H8S/2328 Group chip.

Bit 7—Reserved: This bit is always read as 1, and cannot be modified.
Bits 6 to 3—Reserved: These bits are always read as 0, and cannot be modified.

Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSO0): These bits indicate the input levels at pins
MD, to MDj, (the current operating mode). Bits MDS2 to MDSO correspond to pins MD; to MD,,.
MDS2 to MDSO are read-only bits, and cannot be written to. The mode pin (MD, to MDy) input
levels are latched into these bits when MDCR is read. These latches are canceled by a reset.
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Bit : 7 6 5 4 3 2 1
‘ — ‘ — \ INTM1 \ INTMO \ NMIEG ‘LWROD‘IRQPAS‘ RAME ‘

Initial value : 0 0 0 0 0 0 0 1

RIW . RW — RIW RIW RIW RIW RIW RIW

Bit 7—Reserved: Only 0 should be written to this bit.
Bit 6—Reserved: This bit is always read as 0, and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTMZ1, INTMO): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4 Interrupt Control

INTM1 INTMO Mode Description

0 0 0 Control of interrupts by | bit (Initial value)
1 — Setting prohibited

1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

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

Bit 2—LWR Output Disable (LWROD): Enables or disables LWR output.

Bit 2

LWROD Description

0 PF; is designated as LWR output pin (Initial value)
1 PF; is designated as I/O port, and does not function as LWR output pin
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Bit 1
IRQPAS  Description

0 PA, to PA7 are used for IRQa4 to IRQ7 input (Initial value)
1 P5, to P53 are used for IRQ4 to IRQ7 input

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

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

3.2.3 System Control Register 2 (SYSCR2) (F-ZTAT Version Only)

Bit : 7 6 5 4 3 2 1 0
= e = 0 T e

Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — R/W — — —(RW)*

Note: *R/W in the H8S/2329B F-ZTAT.

SYSCR?2 is an 8-bit readable/writable register that performs on-chip flash memory control.
SYSCR?2 is initialized to H'00 by a reset, and in hardware standby mode.
Bits 7 to 4—Reserved: These bits are always read as 0, and cannot be modified.

Bit 3—Flash Memory Control Register Enable (FLSHE): Controls CPU access to the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR2). For details, see section 19,
ROM.
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0 Flash control registers are not selected for addresses H'FFFFC8 to H'FFFFCB
(Initial value)

1 Flash control registers are not selected for addresses H'FFFFC8 to H'FFFFCB

Bits 2 and 1—Reserved: These bits are always read as 0. Only 0 should be written to these bits.

Bit 0—Reserved: In the H8S/2328B F-ZTAT and H8S/2326 F-ZTAT, this bit is always read as 0
and should only be written with 0. In the H8S/2329B F-ZTAT, this bit is reserved and should only
be written with 0.

3.3 Operating Mode Descriptions

3.3.1 Mode 1

The H8S/2329 does not support mode 1. Do not select the mode 1 setting.

332  Mode 2 (H8S/2329B F-ZTAT Only)

This is a flash memory boot mode. See section 19, ROM, for details. This is the same as advanced
on-chip ROM enabled expansion mode, except when erasing and reprogramming flash memory.

333  Mode 3 (H8S/2329B F-ZTAT Only)

This is a flash memory boot mode. See section 19, ROM, for details. This is the same as advanced
single-chip ROM mode, except when erasing and reprogramming flash memory.

3.34 Mode 4 (Expanded Mode with On-Chip ROM Disabled)
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

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

The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. However, note that if 8-
bit access is designated by the bus controller for all areas, the bus mode switches to 8 bits.
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The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

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

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

3.3.6 Mode 6 (Expanded Mode with On-Chip ROM Enabled)
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Ports A, B, and C function as input ports immediately after a reset. These pins can be set to output
addresses by setting the corresponding bits to 1 in pin function control register 1 (PFCR1) in the
case of ports A and B, or in the data direction register (DDR) for port C. Port D functions as a data
bus, and part of port F carries bus control signals.

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

3.3.7 Mode 7 (Single-Chip Mode)

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

All 1/0O ports are available for use as input/output ports.

3.3.8 Modes 8 and 9 (H8S/2328B F-ZTAT and H8S/2326 F-ZTAT Only)

Modes 8 and 9 are not supported and must not be set.

3.3.9 Mode 10 (H8S/2328B F-ZTAT and H8S/2326 F-ZTAT Only)
This is a flash memory boot mode. For details, see section 19, ROM.

Except for the fact that flash memory programming and erasing can be performed, operation in
this mode is the same as in advanced expanded mode with on-chip ROM enabled.
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This is a flash memory boot mode. For details, see section 19, ROM.

Except for the fact that flash memory programming and erasing can be performed, operation in
this mode is the same as in advanced single-chip mode.

3.3.11 Modes 12 and 13

Modes 12 and 13 are not supported and must not be set.

3.3.12  Mode 14 (H8S/2328B F-ZTAT and H8S/2326 F-ZTAT Only)
This is a flash memory user program mode. For details, see section 19, ROM.

Except for the fact that flash memory programming and erasing can be performed, operation in
this mode is the same as in advanced expanded mode with on-chip ROM enabled.

3.3.13  Mode 15 (H8S/2328B F-ZTAT and H8S/2326 F-ZTAT Only)
This is a flash memory user program mode. For details, see section 19, ROM.

Except for the fact that flash memory programming and erasing can be performed, operation in
this mode is the same as in advanced single-chip mode.

3.4 Pin Functions in Each Operating Mode

The pin functions of ports A to F vary depending on the operating mode. Table 3.4 shows their
functions in each operating mode.

Rev.6.00 Sep. 27, 2007 Page 85 of 1268
REJ09B0220-0600
RENESAS



wvivuc wivuc vivuc wivuc wvivuc wivuc vivuc wivuc vivuc wivuc

Port 2% 3* 4 5 6™ 7*2 10* 11 14 15™
PortA PA;to P*YA P P A P*HaA P*HA P P*aA P P*aA P
PAs
PA4 to A A
PAg
Port B P*A P A A P*aA P P*aA P P*aA P
Port C P*A P A A PA P PA P PA P
Port D D P D D D P D P D P
Port E P D P PD* P*D P*ID P P D P P D P
PortF PF, pP/ic* p*yic pic*t pic*t pic*t p*ic pic*t pP*ic pic*t P*iC
PFs P P P P
PFsto C C C C C C
PF,
PF;  P/C* p/iCc* p/ic* pic*t p/C** p/C**
PF,to P*YC P*)ic pP*ic P*C P*iC P*iC
PFo
Legend:
P: 1/O port

A: Address bus output

D: Data bus I/O

C: Control signals, clock I/O

Notes: 1. After reset.
2. Setting is prohibited in the ROMIess versions.
3. Setting prohibited except in case of the H8S/2328B F-ZTAT and H8S/2326 F-ZTAT.
4. Valid only in the H8S/2329B F-ZTAT.

3.5 Memory Map in Each Operating Mode
Figures 3.1 to 3.9 show memory maps for each of the operating modes.
The address space is 16 Mbytes.

The address space is divided into eight areas.
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\auvalittu cApaliucu houc (auvailivcu siityic-ciipy

with on-chip ROM enabled) mode)
H'000000 H'000000
On-chip ROM On-chip ROM
H'010000 | H'010000 | ]
On-chip ROM/ On-chip ROM/
external address reserved area*? ">
space™
H'060000 - H'060000 x
Reseved area™ A —— Reseved area™
H080000 _ External address |
e space -
H'FF7400 | Reseved area™ HFF7400 | Reseved area™
H'FF7C00 H'FF7C00
On-chip RAM™® On-chip RAM
H'FFFBFF
H'FFFCOO0 | External address
space
H'FFFES50 Internal H'FFFES0 Internal
I/O registers H'FFFFO7 I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'EFEFFF I/O registers H'EFFFFF 1/0 registers

External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

On-chip RAM is used for flash memory programming. Do not clear the RAME bit in SYSCR to 0.
Access to the reserved areas H'060000 to H'07FFFF and H'FF7400 to H'FF7BFF is prohibited.
Do not access a reserved area.

Notes:

arwbdPE

Figure 3.1 (a) H8S/2329B Memory Map in Each Operating Mode
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\auvaliuv

cu TApaliucu 1ivuco

with on-chip ROM disabled)

H'000000
External address
space
H'060000 4
Reseved area
H080000 v:Extemal addressv;
T space N
H'FF7400 | Reseved area™
H'FF7C00
On-chip RAM™
H'FFFCO0 | External address
space
H'FFFES50 Internal
I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'FFFFFF 1/0 registers

\auvalivttu TApalivucu ihivuc

with on-chip ROM enabled)

H'000000
On-chip ROM
H'010000 |
On-chip ROM/
external address
space™
H'060000 *4
Reseved area
H080000 _ External address |
= space -
H'FF7400 | Reseved area™
H'FF7C00
On-chip RAM™®
H'FFFCOO0 | External address
space
H'FFFE50 Internal
I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFFEFE I/O registers

\auvvalivcu oltiygic uviipy

H'000000

H'010000

H'060000
H'O7FFFF

H'FF7400
H'FF7C00

HFFFBFF

H'FFFE50
HFFFFO7

H'FFFF28
HFFFFFF

Notes: 1. External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

2.

3
4.
5

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

mode)

On-chip ROM

On-chip ROM/
reserved area™ "®

Reseved area™

Reseved area™

On-chip RAM

Internal
1/0 registers

Internal
1/0 registers

Access to the reserved areas H'060000 to H'07FFFF and H'FF7400 to H'FF7BFF is prohibited.

. Do not access a reserved area.

Figure 3.1 (b) H8S/2329B Memory Map in Each Operating Mode
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(advalivtu TApalidcu 1

with on-chip ROM disabled)

H'000000
External address
space
H'FFDCO00
On-chip RAM™®
H'FFFCOO | External address
space
H'FFFES50 Internal
I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'FEEFFF 1/0 registers

IJuco

\advalivtld TApalivdcu mmuvuc

with on-chip ROM enabled)

H'000000
On-chip ROM
H'010000 [ ]
On-chip ROM/
external address
space™
H'040000 _ External address |
- space <
H'FFDCO00
On-chip RAM™®
H'FFFCO0 | External address
space
H'FFFES50 Internal
I/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'FEEFFF 1/O registers

))

\advalivtu oftfygic-Liiipy

H'000000

H'010000

H'03FFFF

H'FFDCO00

H'FFFBFF

H'FFFE50
HFFFFO7

HFFFF28
H'FFFFFF

Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
4. Do not access a reserved area.

mode)

On-chip ROM

On-chip ROM/
reserved area™ ™

On-chip RAM

Internal
1/0 registers

Internal
1/0 registers

Figure 3.2 (a) HB8S/2328 Memory Map in Each Operating Mode
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\}vith on-chip IIQOM enabled) \ mode)g

H'000000 H'000000

On-chip ROM On-chip ROM

H'010000 H'010000

On-chilp SSM/ On-chip ROM/
external a dress reserved area*? ™4
space

H'03FFFF
H'040000 | Eytemal address
= space =
H'FFDCO00 H'FFDCO00
On-chip RAM™ On-chip RAM™®
H'FFFBFF
H'FFFCO00 | External address
space
H'FFFE50 Internal H'FFFE50 Internal
I/O registers H'FFFFO7 I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'EFFFFE| /O registers H'EEEEEE | VO registers

Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.

Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

On-chip RAM is used for flash memory programming. Do not clear the RAME bit in SYSCR to 0.
Do not access a reserved area.

pON

Figure 3.2 (b) HB8S/2328 Memory Map in Each Operating Mode (F-ZTAT Only)
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\;vith on-chip IIQOM enabled) \ mode)“

H'000000 H'000000

On-chip ROM On-chip ROM

H'010000 H'010000

On-chilp SSM/ On-chip ROM/
external a dress reserved area*? 4
space

H'03FFFF
H'040000 | Eytemal address
= space =
H'FFDCO00 H'FFDCO00
On-chip RAM™® On-chip RAM™®
H'FFFBFF
H'FFFCO00 | External address
space
H'FFFE50 Internal H'FFFE50 Internal
I/O registers H'FFFFO7 I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'EFFFFE| 1O registers H'EEEEEE | VO registers

Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.

Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

On-chip RAM is used for flash memory programming. Do not clear the RAME bit in SYSCR to 0.
Do not access a reserved area.

pON

Figure 3.2 (¢) H8S/2328 Memory Map in Each Operating Mode (F-ZTAT Only)
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\auvalittu cApdiiucu 1hvuco

with on-chip ROM disabled)

H'000000
External address
space
H'FFDCO00
On-chip RAM™
H'FFFCO0 | External address
space
H'FFFES50 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFEEEF 1/0 registers

(auvalitcu cApdaliucu iuvuc

with on-chip ROM enabled)

H'000000
On-chip ROM
H010000 | ]
External address
space/on-chip
ROM™
H'020000 | ---oooooo ]
External address
space/reserved
area™™s
H'040000 _ External address |
e space e
H'FFDCO00
On-chip RAM™
H'FFFCO00 | External address
space
H'FFFE50 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFFFEF 1/0 registers

\auvdalitcu siftygie=uiiipy

H'000000

H'010000

H'020000

H'03FFFF

H'FFDCO00

H'FFFBFF

H'FFFES50
H'FFFFO7

H'FFFF28
H'FFFFFF

Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.
2. External addresses when EAE = 1 in BCRL; reserved area when EAE = 0.
3. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
4. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
5. Do not access a reserved area.

mode)

On-chip ROM

Reserved area”™/
on-chip ROM™

Reserved area™

On-chip RAM

Internal
I/O registers

Internal
I/0 registers

Figure 3.3 H8S/2327 Memory Map in Each Operating Mode
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\advalivoud ©TAY

alutcu invduco

AUV AlILTU TANAITUTU TTTVuo

\advalivcd offiyglte-uiiiy

with on-chip ROM disabled) with on-chip ROM enabled) mode)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address HO10000 | ~~7TTTTTTTTTT Ho10000 |~
space
Ot“'Chilp SSM’ On-chip ROM/
external acdress reserved area™ ™
space
H'07FFFF
— = H'080000 _ External address |
N N ™ space -
H'FFDCO00 H'FFDCO00 H'FFDCO00
On-chip RAM™ On-chip RAM™3 On-chip RAM
H'FFFBFF
H'FFFCOO | External address H'FFFCO00 | External address
space space
H'FFFE50 Internal H'FFFE50 Internal H'FFFES50 Internal
I/O registers I/O registers H'EEFEQ7 I/O registers
H'FFFFO8 | External address H'FFFFO8 | External address
space space
H'FFFF28 Internal H'FFFF28 Internal H'FFFF28 Internal
H'FEFFFF I/O registers H'FEFFFF I/O registers H'EFFFFF I/O registers

Notes: 1. External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
4. Do not access a reserved area.

Figure 3.4 (a) H8S/2326 F-ZTAT Memory Map in Each Operating Mode
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\}vith on-chip IIQOM enabled) \ mode)g

H'000000 H'000000

On-chip ROM On-chip ROM

H'010000 H'010000

On-chilp SSM/ On-chip ROM/
external a dress reserved area*? ™4
space

H'O7FFFF
H'080000 | Eytemal address
= space =
H'FFDCO00 H'FFDCO00
On-chip RAM™ On-chip RAM™®
H'FFFBFF
H'FFFCO00 | External address
space
H'FFFE50 Internal H'FFFE50 Internal
I/O registers H'FFFFO7 I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'EFFFFE| VO registers H'EEEEEE | VO registers

Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.

Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

On-chip RAM is used for flash memory programming. Do not clear the RAME bit in SYSCR to 0.
Do not access a reserved area.

pON

Figure 3.4 (b) HB8S/2326 F-ZTAT Memory Map in Each Operating Mode
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Notes: 1.

pON

with on-chip ROM enabled)

NS

H'000000
On-chip ROM
Ho010000 | ]
On-chip ROM/
external address
space™
H'080000 | Eytemal address
= space <
H'FFDCO00
On-chip RAM™®
H'FFFCO00 | External address
space
H'FFFE50 Internal
I/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
HEEFEEE| VO registers

H'000000

H'010000

H'O7FFFF

H'FFDCO00

H'FFFBFF

H'FFFE50
H'FFFFO7

HFFFF28
H'FFFFFF

mode)“

On-chip ROM

On-chip ROM/
reserved area™ ™4

On-chip RAM™®

Internal
1/0 registers

Internal

1/0 registers

External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

On-chip RAM is used for flash memory programming. Do not clear the RAME bit in SYSCR to 0.
Do not access a reserved area.

Figure 3.4 (c) H8S/2326 F-ZTAT Memory Map in Each Operating Mode
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with on-chip ROM disabled)

H'000000
External address
space
H'FF7C00
On-chip RAM*
H'FFFCO0 | External address
space
H'FFFES50 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'FFFFFF 1/0 registers

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

Figure 3.5 HB8S/2324S Memory Map in Each Operating Mode
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(avdvalivtu TApaliucu ivucos \avvdalivtu TApaliucu ivuc \auvalivtu sitigic=viiipy

with on-chip ROM disabled) with on-chip ROM enabled) mode)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H'008000 [ ] H'008000 | ]
Reserved area™ Reserved area™
External address H010000 [T H010000 |~~~
space
External address .
space/reserved Reserved area™
area™"?
H'03FFFF
= b H040000 _ _External address |
T N e space En
H'FFDCO00 H'FFDCO00 H'FFDCO00
On-chip RAM™? On-chip RAM™? On-chip RAM
H'FFFBFF
H'FFFCO0 | External address H'FFFCO0 | External address
space space
H'FFFES50 Internal H'FFFES50 Internal H'FFFE50 Internal
I/O registers I/O registers H'FFFFO7 I/O registers
H'FFFFO8 | External address H'FFFFO8 | External address
space space
H'FFFF28 Internal H'FFFF28 Internal H'FFFF28 Internal
H'FFFFFF 1/0 registers H'FEFFFF I/O registers H'EFFEFE I/O registers

Notes: 1. External addresses when EAE = 1 in BCRL; reserved area when EAE = 0.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
3. Do not access a reserved area.

Figure 3.6 H8S/2323 Memory Map in Each Operating Mode
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with on-chip ROM disabled)

H'000000
External address
space
H'FFDCO00
On-chip RAM*
H'FFFCO0 | External address
space
H'FFFES50 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'FFFFFF 1/0 registers

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

Figure 3.7 HB8S/2322R Memory Map in Each Operating Mode
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with on-chip ROM disabled)

H'000000
External address
space
HFFDCO0 Reserved area
HFFECOO| ]
On-chip RAM*
H'FFFCO0 | External address
space
H'FFFES50 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'FFFFFF 1/0 registers

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

Figure 3.8 HB8S/2320 and H8S/2321 Memory Map in Each Operating Mode
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4.1 Overview

4.1.1 Exception Handling Types and Priority

As table 4.1 indicates, exception handling may be caused by a reset, 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 bits of SYSCR.

Table 4.1  Exception Types and Priority

Priority Exception Type Start of Exception Handling
Hig Reset Starts immediately after a low-to-high transition at the
4 RES pin, or when the watchdog timer overflows.
Trace™ Starts when execution of the current instruction or
exception handling ends, if the trace (T) bitis setto 1
Interrupt Starts when execution of the current instruction or
exception handling ends, if an interrupt request has been
issued™
Low Trap instruction (TRAPA) *3  Started by execution of a trap instruction (TRAPA)

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.
2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.
3. Trap instruction exception handling requests are accepted at all times in the program
execution state.
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Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC), condition code register (CCR), and extend register (EXR) are
pushed onto the stack.

2. The interrupt mask bits are updated. The T bit is cleared to 0.

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

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

4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vector addresses are
assigned to different exception sources.

Table 4.2 lists the exception sources and their vector addresses.

* Reset

e Trace
Exception External interrupts: NMI, IRQ7 to IRQO

sources * INterrupts < nternal interrupts: interrupts from on-chip
supporting modules

e Trap instruction

Figure 4.1 Exception Sources

In modes 6 and 7, the on-chip ROM available for use after a power-on reset is the 64-kbyte area
comprising addresses H'000000 to H'OOFFFF. Care is required when setting vector addresses. In
this case, clearing the EAE bit in BCRL enables the 256-kbyte (128 kbytes/384 kbytes/512
kbytes)* area comprising addresses H'000000 to H'03FFFF (to H'01FFFF/H'05FFFF/H'07FFFF)
to be used. For details, see section 6.2.5, Bus Control Register L (BCRL).

Note: * The amount of on-chip ROM differs depending on the product.
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Exception Source Vector Number Advanced Mode
Reset 0 H'0000 to H'0003
Reserved 1 H'0004 to H'0007
Reserved for system use 2 H'0008 to H'000B
3 H'000C to H'000F

4 H'0010 to H'0013

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

10 H'0028 to H'002B

11 H'002C to H'002F

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

14 H'0038 to H'003B

15 H'003C to H'003F

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

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt*2 2|4 H'0060 t|o H'0063
91 H'016C to H'016F

Notes: 1. Lower 16 bits of the address.

2. For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Vector
Table.
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421 Overview
A reset has the highest exception priority.

When the RES pin goes low, all processing halts and the chip enters the reset state. A reset
initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after a reset, interrupt control mode 0 is set.

Reset exception handling begins when the RES pin changes from low to high.
A reset can also be caused by watchdog timer overflow. For details see section 13, Watchdog

Timer.

4.2.2 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 20 states.

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

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

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

Figure 4.2 shows an example of the reset sequence.
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(1), (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(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 4.2 Reset Sequence (Mode 4)

423 Interrupts after Reset

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

4.2.4 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCR is initialized to H'3FFF and all modules except the DMAC™ and
DTC enter module stop mode. Consequently, on-chip supporting module registers cannot be read
or written to. Register reading and writing is enabled when module stop mode is exited.

Note: * The DMAC is not supported in the H8S/2321.
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Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

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

Trace mode is canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4.3 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

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

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

Table 4.3  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode
| ul 2t010 | T
Trace exception handling cannot be used.
1 \ — — ‘ 0
Legend:
1: Settol

0: Clearedto 0
—: Retains value prior to execution.
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Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and
52 internal sources in the on-chip supporting modules. Figure 4.3 classifies the interrupt sources
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
refresh timer™, 16-bit timer-pulse unit (TPU), 8-bit timer, serial communication interface (SCI),
data transfer controller (DTC), DMA controller (DMAC)*, and A/D converter. Each interrupt
source has a separate vector address.

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

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

Note: * The refresh timer and DMAC are not supported in the H8S/2321.

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

Interrupts WDT*! (1)

Refresh timer™ ™3 (1)
TPU (26)

8-bit timer (6)

SCI (12)

DTC (1)

DMAC (4)™3

A/D converter (1)

Internal
interrupts

Notes: Numbers in parentheses are the numbers of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates an interrupt request
at each counter overflow.
2. When the refresh timer is used as an interval timer, it generates an interrupt request at
each compare match.
3. The refresh timer and DMAC are not supported in the H8S/2321.

Figure 4.3 Interrupt Sources and Number of Interrupts
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Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state.

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

Table 4.4  Status of CCR and EXR after Trap Instruction Exception Handling

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

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

4.6 Stack Status after Exception Handling

Figure 4.4 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\ \/\

SP —» EXR
Reserved*
SP —» CCR CCR
ffffffff PC - - PC
,,,,,,,, (24 bits) - -____ L (24 bits)_______
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure 4.4 Stack Status after Exception Handling (Advanced Modes)
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When accessing word data or longword data, the chip assumes that the lowest address bit 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:

PUSH.W
PUSH.L

Rn
ERNn

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

Use the following instructions to restore registers:

POP W
POP.L

Rn
ERNn

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

Setting SP to an odd value may lead to a malfunction. Figure 4.5 shows an example of what
happens when the SP value is odd.

Legend:

Condition code register
Program counter
General register R1L
Stack pointer

CCR:
PC:
R1L:
SP:

Note:

SP—»

\_/_\

SP —

\_/_\ \_/_\
CCR SP-—» RiL
PC PC
\_/_\ \_/_\

TRAP instruction executed MOV.B R1L, @-ER7

.

SP set to H'FFFEFF

Data saved above SP

-

H'FFFEFA
H'FFFEFB
H'FFFEFC
H'FFFEFD

Contents of CCR lost

This diagram illustrates an example in which the interrupt control mode is 0, in advanced
mode.

Figure 4.5 Operation when SP Value is Odd
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51 Overview

51.1 Features

The chip controls interrupts by means of an interrupt controller. The interrupt controller has the
following features. This chapter assumes the maximum number of interrupt sources available in
these series—nine external interrupts and 52 internal interrupts.

Two interrupt control modes

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

Priorities settable with IPRs

— Interrupt priority registers (IPRs) are provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI

— NMl is assigned the highest priority level of 8, and can be accepted at all times

Independent vector addresses

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

Nine external interrupt pins

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

— Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO

DTC and DMAC™ control

— DTC and DMAC™ activation is controlled by means of interrupts

Note: * The DMAC is not supported in the H8S5/2321.
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A block diagram of the interrupt controller is shown in figure 5.1.

INTM1 INTMO
SYSCR}
NMIEG ‘ L
NMI input = NMI input unit L Interrupt
request
IRQ input IRQ :gpp:]tumt I Vector

number
ISCR IIE%II Priority

determination

CPU

Internal interrupt

request 12t0 10

| CCR

SWDTEND to TEI

Interrupt controller

Legend:

ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

IPR: Interrupt priority register
SYSCR: System control register

| EXR

Figure 5.1 Block Diagram of Interrupt Controller
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Table 5.1 summarizes the pins of the interrupt controller.

Table 5.1  Interrupt Controller Pins

Name Symbol 110 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 7to0 0 both edges, or level sensing, can be selected

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

Table 5.2  Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address™
System control register SYSCR R/W H'01 H'FF39
IRQ sense control register H ISCRH R/W H'00 H'FF2C
IRQ sense control register L ISCRL R/W H'00 H'FF2D
IRQ enable register IER R/W H'00 H'FF2E
IRQ status register ISR R/(W)™  H'00 H'FF2F
Interrupt priority register A IPRA R/W H'77 H'FEC4
Interrupt priority register B IPRB R/W H'77 H'FEC5
Interrupt priority register C IPRC R/W H'77 H'FEC6
Interrupt priority register D IPRD R/W H'77 H'FEC7
Interrupt priority register E IPRE R/W H'77 H'FECS8
Interrupt priority register F IPRF R/W H77 H'FEC9
Interrupt priority register G IPRG R/W H'77 H'FECA
Interrupt priority register H IPRH RW H77 H'FECB
Interrupt priority register | IPRI R/W H'77 H'FECC
Interrupt priority register J IPRJ R/W H'77 H'FECD
Interrupt priority register K IPRK R/W H'77 H'FECE

Notes: 1. Lower 16 bits of the address.
2. Can only be written with 0 for flag clearing.
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521 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ INTM1 \ INTMO \ NMIEG ‘LWROD‘IRQPAS‘ RAME ‘
Initial value : 0 0 0 0 0 0 0 1
RIW . RMW — RIW RIW RIW RIW RIW RIW

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

Only bits 5 to 3 are described here; for details of the other bits, see section 3, MCU Operating
Modes.

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

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTMZ1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

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

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

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

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input

Bit 1—IRQ Input Pin Select (IRQPAS): Selects switching of the pins that can be used for input
of IRQ4 to IRQ7. IRQ4 to IRQ7 input is always performed from one of the ports.
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Bit : 7 6 5 4 3 2 1

‘ — ‘ IPR6 \ IPR5 \ IPR4 \ — \ IPR2 \ IPR1 \ IPRO ‘
Initial value : 0 1 1 1 0 1 1 1
RIW . RIW RIW RIW — RIW RIW RIW

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

The correspondence between IPR settings and interrupt sources is shown in table 5.3.
The IPR registers set a priority (levels 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by a reset and in hardware standby mode.

Bits 7 and 3—Reserved: Read-only bits, always read as 0.

Table 5.3  Correspondence between Interrupt Sources and IPR Settings

Bits

Register 6to4 2t00
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC

IRQ7
IPRD Watchdog timer Refresh timer
IPRE —* A/D converter
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRI 8-bit timer channel 0 8-bit timer channel 1
IPRJ DMAC™ SCI channel 0
IPRK SCI channel 1 SCI channel 2

Notes: 1. Reserved bits.
2. The refresh timer and DMAC are not supported in the H8S/2321.
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interrupt. The lowest priority level, level 0, is assigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

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

523 IRQ Enable Register (IER)

Bit : 7 6 5 4 3 2 1 0

‘ IRQ7E ‘ IRQBE \ IRQ5E \ IRQ4E \ IRQ3E \ IRQ2E \ IRQLE \ IRQOE ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

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

IER is initialized to H'00 by a reset and in hardware standby mode.

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

Bitn

IRQnE Description

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

(n=71t00)
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ISCRH

Bit .15 14 13 12 11 10 9 8

‘ IRQ7SCB ‘ IRQ7SCA‘ IRQ6SCB \ IRQGSCA‘ IRQ5SCB \ IRQSSCA‘ IRQ4SCB \ IRQ4SCA‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW
ISCRL
Bit : 7 6 5 4 3 2 1 0

‘ IRQ3SCB ‘ IRQ3SCA‘ IRQ2SCB \ IRQZSCA‘ IRQ1SCB \ IRQlSCA‘ IRQOSCB \ IRQOSCA‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

ISCR (composed of ISCRH and ISCRL) is a 16-bit readable/writable register that selects rising
edge, falling edge, or both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

ISCR is initialized to H'0000 by a reset and in hardware standby mode.

Bits 15 to 0—IRQ?7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQO0 Sense Control A
and B (IRQOSCA, IRQ0SCB)

Bits 15to 0
IRQ7SCB to  IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(Initial value)
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
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Bit 6 5 4 3 2 1

‘ IRQ7F ‘ IRQ6F \ IRQ5F \ IRQ4F \ IRQ3F \ IRQ2F \ IRQLF \ IRQOF ‘
Initial value : 0 0 0 0 0 0 0 0
RIW RIW)*  R/W)* R/MW)* RI(W)* RMW?”* RW)* RMW?”* R/(W)~*

Note: *Only 0 can be written, to clear the flag.

ISR is an 8-bit readable/writable register that indicates the status of IRQ7 to IRQO interrupt

requests.

ISR is initialized to H'00 by a reset and in hardware standby mode.

Bits 7 to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These bits indicate the status of IRQ7 to
IRQO interrupt requests.

Bit n

IRQnF  Description

0 [Clearing conditions] (Initial value)

Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQnNF flag
When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high

When IRQn interrupt exception handling is executed when falling, rising, or both-
edge detection is set (IRQnSCB =1 or IRQnNSCA =1)

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

1 [Setting conditions]

When TRQn input goes low when low-level detection is set (IRQnNSCB = IRQNSCA =
0)

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

When a rising 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=71t00)
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Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (52
sources).

53.1 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO0. NMI and IRQ7 to IRQO can be used to
restore the chip from software standby mode. (IRQ7 to IRQ3 can be designated for use as software
standby mode clearing sources by setting the IRQ37S bit in SBYCR to 1.)

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

The vector number for NMI interrupt exception handling is 7.

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

e Using ISCR, it is possible to select whether an interrupt is generated by a low 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 IER.

e The interrupt priority level can be set with IPR.

e The status of interrupt requests IRQ7 to IRQO is indicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.2.
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}—m= IRQn interrupt
> Edge/level
detection circuit 3 Q

request
IRQn input R

Clear signal

Note: n=71t00

Figure 5.2 Block Diagram of Interrupts IRQ7 to IRQO

Figure 5.3 shows the timing of setting IRQnF.

IRQn
input pin

IRQNF

Figure 5.3 Timing of Setting IRQnF
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 a pin is used as an external interrupt input pin, do not clear the
corresponding DDR bit to 0 and use the pin as an 1/0O pin for another function. The pins that can
be used for IRQ4 to IRQ7 interrupt input can be switched by means of the IRQPAS bit in SYSCR.
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There are 52 sources for internal interrupts from on-chip supporting modules.

e For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are set to 1
for a particular interrupt source, an interrupt request is issued to the interrupt controller.

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

e The DMAC™ and DTC can be activated by a TPU, SCI, or other interrupt request. When the

DMAC™ or DTC is activated by an interrupt, the interrupt control mode and interrupt mask bits
have no effect.

Note: * The DMAC is not supported in the H8S/2321.

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. Interrupt sources can
also be used to activate the DTC and DMAC™.

Priorities among modules can be set by means of IPR. The situation when two or more modules
are set to the same priority, and priorities within a module, are fixed as shown in table 5.4.

Note: * The DMAC is not supported in the H8S/2321.
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iy Ut L g VI
Interrupt  Vector Vector Activa- Activa-
Interrupt Source Source Number Address™ IPR Priority tion tion
Power-on reset 0 H'0000 — High — —
Reserved 1 H'0004 1
Reserved for system 2 H'0008
use 3 H'000C
4 H'0010
Trace 5 H'0014
Reserved for system 6 H'0018
use
NMI External 7 H'001C
pin
Trap instruction H'0020
(4 sources) H'0024
10 H'0028
11 H'002C
Reserved for system 12 H'0030
use 13 H'0034
14 H'0038
15 H'003C
IRQo External 16 H'0040 IPRAG to O —
pin IPRA4
IRQ1 17 H'0044 IPRA2 to O —
IPRAO
IRQ2 18 H'0048 IPRB6 to O —
IRQs 19 Hoosc  IPRB4 O —
IRQ4 20 H'0050 IPRB2 to O —
IRQs 21 Hoos4  IPRBO O —
IRQs 22 H'0058 IPRC6 to O —
IRQ; 23 Hoosc  IPRC4 oy O —
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ol

neriuptr ovuicc LQ0UlILc INUTHoCEl AUUICoS Lind B
SWDTEND (software- DTC 24 H'0060 IPRC2 to
activated data transfer IPRCO
end)
WOVI (interval timer) Watchdog 25 H'0064 IPRD6 to
timer IPRD4
CMI (compare match)*3 Refresh 26 H'0068 IPRD2 to
controller IPRDO
Reserved — 27 H'006C IPREG6 to
IPRE4
ADI (A/D conversion A/D 28 H'0070 IPRE2 to
end) IPREO
Reserved — 29 H'0074
30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to
capture/compare channel 0 IPRF4
match)
TGIOB (TGROB input 33 H'0084
capture/compare
match)
TGIOC (TGROC input 34 H'0088
capture/compare
match)
TGIOD (TGROD input 35 H'008C
capture/compare
match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098
39 H'009C

High

A

Low

@) —
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mneriuptr ovuicc L0UlLc INUTHoCEl AUUICOoS LA B ol
TGI1A (TGR1A input  TPU 40 H'00A0 IPRF2to High O
capture/compare channel 1 IPRFO 4
match)
TGI1B (TGR1B input 41 H'00A4 O
capture/compare
match)
TCI1V (overflow 1) 42 H'00A8 —
TCI1U (underflow 1) 43 H'00AC —
TGI2A (TGR2A input  TPU 44 H'00BO IPRG6 to O
capture/compare channel 2 IPRG4
match)
TGI2B (TGR2B input 45 H'00B4 O
capture/compare
match)
TCI2V (overflow 2) 46 H'00B8 —
TCI2U (underflow 2) a7 H'00BC —
TGI3A (TGR3A input  TPU 48 H'00CO IPRG2 to O
capture/compare channel 3 IPRGO
match)
TGI3B (TGR3B input 49 H'00C4 O
capture/compare
match)
TGI3C (TGR3C input 50 H'00C8 O
capture/compare
match)
TGI3D (TGR3D input 51 H'00CC O
capture/compare
match)
TCI3V (overflow 3) 52 H'00D0 —
Reserved — 53 H'00D4 —
54 H'00D8
55 H'00DC Low
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ot

neriuptr ovuicc L0UlLc INUTHoEl AUUICOoS LA B
TGI4A (TGR4A input  TPU 56 H'00EO IPRH6 to High
capture/compare channel 4 IPRH4
match)

TGI4B (TGR4B input 57 H'00E4
capture/compare

match)

TCI4V (overflow 4) 58 H'0O0E8

TCI4U (underflow 4) 59 H'00EC

TGI5A (TGR5A input  TPU 60 H'00FO0 IPRH2 to
capture/compare channel 5 IPRHO
match)

TGI5B (TGR5B input 61 H'O0F4
capture/compare

match)

TCI5V (overflow 5) 62 H'00F8

TCI5U (underflow 5) 63 H'00FC

CMIAO (compare 8-bittimer 64 H'0100 IPRI6 to
match A) channel O IPRI4
CMIBO (compare 65 H'0104

match B)

OVI0 (overflow 0) 66 H'0108

Reserved — 67 H'010C

CMIA1 (compare 8-bit timer 68 H'0110 IPRI2 to
match A) channel 1 IPRIO
CMIB1 (compare 69 H'0114

match B)

OVI1 (overflow 1) 70 H'0118

Reserved — 71 H'011C

A

Low

@) @)
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mneriuptr ovuicc LSUuUlLc INUpyclr  AUUICoS LIS AN

ol

DENDOA (channel DMAC 72 H'0120 IPRJ6 to
O/channel OA transfer IPRJ4
end)™®
DENDOB (channel 0B 73 H'0124
transfer end) **
DEND1A (channel 74 H'0128
1/channel 1A transfer
*3
end)
DEND1B (channel 1B 75 H'012C
transfer end) **
Reserved — 76 H'0130
77 H'0134
78 H'0138
79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2 to
RXIO0 (reception data channel 0 81 H'0144 IPRJO
full 0)
TXIO (transmit data 82 H'0148
empty 0)
TEIO (transmit end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK®6 to
RXI1 (reception data  °"amnell  gg Ho154  IPRK4
full 1)
TXI1 (transmit data 86 H'0158
empty 1)
TEI1 (transmit end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2 to
RXI2 (reception data  Channel2  gq Ho1e4  IPRKO
full 2)
TXI2 (transmit data 90 H'0168
empty 2)
TEI2 (transmit end 2) 91 H'016C

High

Low

Notes: 1. Lower 16 bits of the start address.
2. The DMAC is not supported in the H8S/2321.
3. Reserved in the H8S/2321.
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54.1 Interrupt Control Modes and Interrupt Operation
Interrupt operations in the chip differ depending on the interrupt control mode.

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

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

Table 5.5 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits  Description

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

— 1 — — Setting prohibited

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

— 1 — — Setting prohibited
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Interrupt
control
mode 0 |

.

Interrupt
acceptance
control

Default priority
determination

Interrupt source — [ Vector number

8-level
mask control

t 1

12to 10
IPR

Interrupt control mode 2

Figure 5.4 Block Diagram of Interrupt Control Operation

Interrupt Acceptance Control: In interrupt control mode 0, interrupt acceptance is controlled by
the I bit in CCR.

Table 5.6 shows the interrupts selected in each interrupt control mode.

Table 5.6  Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode I Selected Interrupts
0 0 All interrupts

1 NMI interrupts

*

2 All interrupts

*: Don't care
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(IPR).

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

Table 5.7  Interrupts Selected in Each Interrupt Control Mode (2)

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

than the mask level (IPR > 12 to 10)

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

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

Interrupt sources with a lower priority than the accepted interrupt source are held pending.
Table 5.8 shows operations and control signal functions in each interrupt control mode.

Table 5.8 Operations and Control Signal Functions in Each Interrupt Control Mode

Interrupt
Interrupt Setting Acceptance 8-Level Control | pefault Priority
Control Control S T (Trace)
Determination
Mode
INTM1 | INTMO | 12to 10 | IPR
0 0 o |O IM x| — —* @) —
2 1 0 | X — Ol M PR o T
Legend:

O: Interrupt operation control performed

X: No operation (All interrupts enabled)

IM: Used as interrupt mask bit

PR: Sets priority

—:  Not used

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

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

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

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

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

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

[5] 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.

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

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

No
Interrupt generated?

Yes

Hold pending

| Save PC and CCR |

Y

| le1 |

Y

| Read vector address |

!

|Branch to interrupt handling routine|

Figure 5.5 Flowchart of Procedure Up to Interrupt Acceptance in
Interrupt Control Mode 0
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Eight-level masking is implemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 5.6 shows a flowchart of the interrupt acceptance operation in this case.

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

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority 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.

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

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

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

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

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

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

"y

/

QWN o

nterrupt

Y

Yes

No
Level 7 interrupt?

Yes

Level 1 interrupt? N

Mask level 5 No Yes
Qr below?
Yes N
Mask level 0?
Yes
\ Y y

Y A
| Save PC, CCR, and EXR | |T-|o|d pending

* :

| Clear T bitto 0 |

#

| Update mask level |

v

| Read vector address

|Branch to interrupt handling routine|

)

Figure 5.6 Flowchart of Procedure Up to Interrupt Acceptance in
Interrupt Control Mode 2
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Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0 is set in advanced mode, and the program area and stack area are
in on-chip memory.
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The chip is capable of fast word transfer instruction to on-chip memory, and the program area is
provided in on-chip ROM and the stack area in on-chip RAM, enabling high-speed processing.

Table 5.9 shows interrupt response times—the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.9 are explained in table 5.10.

Table 5.9  Interrupt Response Times

Advanced Mode

No. Item INTM1=0 INTM1=1

1 Interrupt priority determination™* 3 3

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

3 PC, CCR, EXR stack save 2-Sk 3:Sk

4 Vector fetch 2-S 2:S

5 Instruction fetch™® 2.5 25

6 Internal processing*4 2 2

Total (using on-chip memory) 12 to 32 13t0 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table 5.10 Number of States in Interrupt Handling Routine Execution

Object of Access

External Device

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

m: Number of wait states in an external device access.
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55.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 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 as BCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared.

Figure 5.8 shows an example in which the TGIEA bit in the TPU’s TIERO register is cleared to 0.

TIERO write cycle by CPU TGIOA exception handling

Internal h ‘
address bus >< TIERO address X

Internal
write signal

TGIEA

TGFA

TGIOA
interrupt signal

Figure 5.8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.
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Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the I bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

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

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

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

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

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

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

L1: EEPMOV _W
MOV.W R4 ,R4
BNE L1
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5.6.1 Overview

The DTC and DMAC™ can be activated by an interrupt. In this case, the following options are
available.

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

> w e

For details of interrupt requests that can be used with to activate the DTC or DMAC™, see section
8, Data Transfer Controller, and section 7, DMA Controller.

Note: * The DMAC is not supported in the H8S/2321.
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Figure 5.9 shows a block diagram of the DTC, DMAC™, and interrupt controller.

Note: * The DMAC is not supported in the H8S/2321.

IRQ

interrupt

On-chip
supporting
module

Note: * The DMAC is not supported in the H8S/2321.

DMAC*
© —
5 g
o D
Q< .y
35 IS
o @
| 5 © o
oot request vector
| ||_request  |selection number
circuit
ﬂ Select
signal .
g Clear signal Control logic bTC
Interrupt source DTCER .
clar signa | Clear signal _
DTVECR
SWDTE _
clear signal CPU interrupt
g request vector
inati number
Determ_lnz_itlon of CPU
priority
Interrupt controller 1121010

Figure 5.9 Interrupt Control for DTC and DMAC™
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The interrupt controller has three main functions in DTC and DMAC™ control.

Selection of Interrupt Source: With the DMAC™, the activation source is input directly to each
channel. The activation source for each DMAC™ channel is selected with bits DTF3 to DTFO in
DMACR. Whether the selected activation source is to be managed by the DMAC™ can be selected
with the DTA bit of DMABCR. When the DTA bit is set to 1, the interrupt source constituting that
DMAC™ activation source is not a DTC activation source or CPU interrupt source.

For interrupt sources other than interrupts managed by the DMAC?, it is possible to select DTC
activation request or CPU interrupt request with the DTCE bit of DTCERA to DTCERF in the
DTC.

After a DTC data transfer, 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 in the DTC.

When the DTC has performed the specified number of data transfers and the transfer counter value
is zero, the DTCE bit is cleared to 0 and an interrupt request is sent to the CPU after the DTC data
transfer.

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 7.6, Interrupts, and
section 8.3.3, DTC Vector Table, for the respective priorities.

With the DMAC™, the activation source is input directly to each channel.

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

If the same interrupt is selected as a DMAC™ activation source and a DTC activation source or
CPU interrupt source, operations are performed for them independently according to their
respective operating statuses and bus mastership priorities.

Table 5.11 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTA bit of DMABCR in the DMAC™, the DTCE bit of DTCERA to
DTCERF in the DTC, and the DISEL bit of MRB in the DTC.

Note: * The DMAC is not supported in the H8S/2321.
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DTy

DMAC DTC Interrupt Source Selection/Clearing Control
DTA DTCE DISEL DMAC™ DTC CPU
0 0 * o X ©)
1 ©) O X
O O @)
1 * * ©) X X
Legend:

O: 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 interrupt cannot be used.

*. Don't care

Note: 1. The DMAC is not supported in the H8S/2321.

Usage Note: SCI and A/D converter interrupt sources are cleared when the DMAC™ or DTC reads
or writes to the prescribed register, and are not dependent upon the DTA bit or DISEL bit.

Note: * The DMAC is not supported in the H8S5/2321.
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6.1 Overview

The chip has an on-chip bus controller (BSC) that manages the external address space divided into
eight areas. The bus specifications, such as bus width and number of access states, can be set
independently for each area, enabling multiple memories to be connected easily.

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

Note: * The DMAC is not supported in the H8S/2321.

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

e Manages external address space in area units
— In advanced mode, manages the external space as 8 areas of 2 Mbytes
— Bus specifications can be set independently for each area
— DRAM™/burst ROM interfaces can be set
e Basic bus interface
— Chip select (CSO to CS7) can be output for areas 0 to 7
— 8-bit access or 16-bit access can be selected for each area
— 2-state access or 3-state access can be selected for each area
— Program wait states can be inserted for each area
e DRAM interface™
— DRAM interface can be set for areas 2 to 5 (in advanced mode)
— Row address/column address multiplexed output (8/9/10 bits)
— 2-CAS access method
— Burst operation (fast page mode)
— Tp cycle insertion to secure RAS precharging time
— Choice of CAS-before-RAS refreshing or self-refreshing
e Burst ROM interface
— Burst ROM interface can be set for area 0
— Choice of 1- or 2-state burst access
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— An idle cycle can be inserted when an external read cycle is immediately followed by an
external write cycle

o Write buffer functions

— External write cycle and internal access can be executed in parallel

— DMAC™ single address mode and internal access can be executed in parallel
e Bus arbitration function

— Includes a bus arbiter that arbitrates bus mastership among the CPU, DMAC, and DTC
e Other features

— Refresh counter (refresh timer)™ can be used as an interval timer

— External bus release function

Note: * The DRAM interface, DMAC, and refresh counter are not supported in the H8S/2321.
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Figure 6.1 shows a block diagram of the bus controller.

CS0to CS7

-~ Internal
Area decoder address bus
ABWCR
External bus control signals ASTCR S
BCRH
BCRL -
BREQ ——————— ™
BACK T —
BACK Bus Internal control
BREQO =+ controller signals
R — Bus mode signal
I
Wait %)
[ R -
WAIT controller WCRH a
S
WCRL 3
©
=
[J]
_— £
DRAM MCR
controller* —
External DRAM DRAMCR
signals* —
RTCNT
RTCOR
<—— CPU bus request signal
[~~—— DTC bus request signal
L fg—— 1 *
Bus arbiter DMAC bus request signal

— CPU bus acknowledge signal
— DTC bus acknowledge signal
— DMAC bus acknowledge signal*

Note: * Not supported in the H8S/2321.

Figure 6.1 Block Diagram of Bus Controller
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Table 6.1 summarizes the pins of the bus controller.

Table 6.1 Bus Controller Pins

Name Symbol /O Function

Address strobe AS Output  Strobe signal indicating that address output
on address bus is enabled.

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

High write/write enable HWR Output  Strobe signal indicating that external space
is to be written, and upper half (D15 to Dg) of
data bus is enabled.
2-CAS DRAM write enable signal™.

Low write LWR Output  Strobe signal indicating that external space
is to be written, and lower half (D7 to Do) of
data bus is enabled.

Chip select 0 CS0 Output  Strobe signal indicating that area 0 is
selected.

Chip select 1 CS1 Output  Strobe signal indicating that area 1 is
selected.

Chip select 2/row address CS2 Output  Strobe signal indicating that area 2 is

strobe 2 selected.

DRAM row address strobe signal when
area 2 is in DRAM space™.

Chip select 3/row address CS3 Output  Strobe signal indicating that area 3 is

strobe 3 selected.

DRAM row address strobe signal when
area 3 is in DRAM space™.

Chip select 4/row address CS4 Output  Strobe signal indicating that area 4 is

strobe 4 selected.

DRAM row address strobe signal when
area 4 is in DRAM space™.

Chip select 5/row address CS5 Output  Strobe signal indicating that area 5 is

strobe 5

selected.
DRAM row address strobe signal when
area 5 is in DRAM space™.
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selected.

Chip select 7 CS7 Output

Strobe signal indicating that area 7 is
selected.

Upper column address strobe CAS™ Output

2-CAS DRAM upper column address strobe
signal.

Lower column strobe LCAS Output DRAM lower column address strobe signal.

Wait WAIT Input Wait request signal when accessing
external 3-state access space.

Bus request BREQ Input Request signal that releases bus to
external device.

Bus request acknowledge BACK Output  Acknowledge signal indicating that bus has
been released.

Bus request output BREQO Output External bus request signal used when

internal bus master accesses external
space when external bus is released.

Note: * The DRAM interface and the CAS and LCAS pin functions are not supported in the

H8S/2321.

Rev.6.00 Sep. 27,2007 Page 147 of 1268
REJ09B0220-0600

RENESAS



Table 6.2 summarizes the registers of the bus controller.

Table 6.2  Bus Controller Registers

Initial Value
Name Abbreviation R/W Reset Address™
Bus width control register ABWCR R/W H'FF/H'00™? H'FEDO
Access state control register ASTCR R/W H'FF H'FED1
Wait control register H WCRH R/W H'FF H'FED2
Wait control register L WCRL R/W H'FF H'FED3
Bus control register H BCRH R/W H'DO H'FED4
Bus control register L BCRL R/W H'3C H'FEDS
Memory control register MCR™® R/W H'00 H'FED6
DRAM control register DRAMCR™® R/W H'00 H'FED7
Refresh timer counter RTCNT™® R/W H'00 H'FED8
Refresh time constant register RTCOR™ R/W H'FF H'FED9

Notes: 1. Lower 16 bits of the address.
2. Determined by the MCU operating mode.
3. Inthe H8S/2321 this register is reserved and must not be accessed.
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6.2.1 Bus Width Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
‘ ABW?7 ‘ ABW6 \ ABW5 \ ABW4 \ ABW3 \ ABW?2 \ ABW1 \ ABWO ‘

Modes 5to 7

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RIW RIW RIW RIW RIW RIW RIW
Mode 4

Initial value : 0 0 0 0 0 0 0 0

RIW . RMW RIW RIW RIW RIW RIW RIW RIW

ABWCR is an 8-bit readable/writable register that designates each area for either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registers is fixed regardless of the settings in ABWCR.

After a reset and in hardware standby mode, ABWCR is initialized to H'FF in modes 5 to 7, and
to H'00 in mode 4. It is not initialized in software standby mode.

Note: *Modes 6 and 7 are not provided in the ROMless version.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW?7 to ABWO0): These bits select whether the
corresponding area is to be designated for 8-bit access or 16-bit access.

Bitn

ABWn Description

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access

(n=71t00)
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Bit : 7 6 5 4 3 2 1 0

‘ AST7 ‘ AST6 \ ASTS \ AST4 \ AST3 \ AST2 \ AST1 \ ASTO ‘
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RIW RIW RIW RIW RIW RIW RIW

ASTCR is an 8-bit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The humber of access
states for on-chip memory and internal 1/O registers is fixed regardless of the settings in ASTCR.

ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO): These bits select whether the
corresponding area is to be designated as a 2-state access space or a 3-state access space.

Wiait state insertion is enabled or disabled at the same time.

Bitn
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)

Wait state insertion in area n external space is enabled

(n=71t00)
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WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area.

Program waits are not inserted in the case of on-chip memory or internal 1/O registers.

WCRH and WCRL are initialized to H'FF by a reset and in hardware standby mode. They are not
initialized in software standby mode.

WCRH
Bit : 7 6 5 4 3 2 1 0
‘ W71 ‘ W70 \ W61 \ W60 \ W51 \ W50 \ w41 \ W40 ‘
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RIW RIW RIW RIW RIW RIW RIW

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external space is accessed while the AST7 bit in ASTCR is set
to 1.

Bit 7 Bit 6
w71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)
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to 1.

Bit 5 Bit 4
w61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external space is accessed while the AST5 bit in ASTCR is set

to 1.
Bit 3 Bit 2
w51 w50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bit in ASTCR is set

to 1.
Bit 1 Bit 0
w41 w40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed

(Initial value)
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blt . [ o] o] 4 9 Z 1

\ w31 \ W30 \ w21 \ W20 \ w11 \ W10 \ Wwo1 \ W00 \
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RIW RIW RIW RIW RIW RIW RIW

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in external space is accessed while the AST3 bit in ASTCR is set
to 1.

Bit 7 Bit 6
W31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits 5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external space is accessed while the AST2 bit in ASTCR is set
to 1.

Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)
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to 1.

Bit 3 Bit 2
w11 w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, WO00): These bits select the number of
program wait states when area 0 in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
wo1 w00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
6.2.4 Bus Control Register H (BCRH)
Bit : 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BRSTRM|BRSTS1 BRSTSO RMTS2" | RMTS1*| RMTSO" |
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W RW RW RW RW RW RW

Note: * This bit is reserved in the H8S/2321.

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for areas 2 to 5 and area 0.

BCRH is initialized to H'DO by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 7

ICIS1 Description
0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Idle Cycle Insert 0 (ICIS0): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM interface
area.

Bit 5

BRSTRM Description

0 Area 0 is basic bus interface area (Initial value)
1 Area 0 is burst ROM interface area

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

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRSTSO0): Selects the number of words that can be accessed in a
burst ROM interface burst access.
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0 Max. 4 words in burst access (Initial value)

1 Max. 8 words in burst access

Bits 2 to 0—RAM Type Select (RMTS2 to RMTS0): These bits select the memory interface for
areas 2 to 5 in advanced mode.

When DRAM space is selected, the relevant area is designated as a DRAM interface area. In the
H8S/2321 these bits are reserved and should only be written with 0.

Bit 2 Bit 1 Bit O Description
RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 0 Normal space
1 Normal space DRAM space
1 0 Normal space DRAM space
1 DRAM space
1 — J— J—

The LCAS pin is used for the LCAS signal on the 2-CAS DRAM interface. If it is wished to use
BREQO output and WAIT input when using the LCAS signal, it is possible to switch to the P5;
pin by means of the BREQOPS bit in PFCR2. For details, see section 9.6, Port 5 and section 9.13,
Port F.

Note: This note applies to the H8S/2323 only. If all areas selected as DRAM space are 8-bit
space, the PF, pin can be used as an I/O port, or as the BREQO or WAIT pin. However, if
PF, is used as the WAIT pin on the H8S/2323 only, normal space other than DRAM space
should be designated as 16-bit bus space. The RAS down mode cannot be used in this
case. Sample settings are shown below.

RMTS2 RMTS1 RMTSO Areab Area 4 Area 3 Area 2
0 0 0 Normal space
1 Normal space DRAM space
(16-bit bus) (8-bit bus)
1 0 Normal space DRAM space
(16-bit bus) (8-bit bus)
1 DRAM space
(8-bit bus)

Rev.6.00 Sep. 27,2007 Page 156 of 1268
REJ09B0220-0600
RENESAS



Bit : 7 6 5 4 3 2

‘ BRLE ‘BREQOE‘ EAE \ — \ DDS* \ — ‘WDBE*‘ WAITE ‘
Initial value : 0 0 1 1 1 1 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

Note: * This bit is reserved in the H8S/2321.

BCRL is an 8-bit readable/writable register that performs selection of the external bus-released
state protocol, DMAC single address transfer, enabling or disabling of the write data buffer
function, and enabling or disabling of WAIT pin input.

BCRL is initialized to H'3C by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7

BRLE Description

0 External bus release is disabled. BREQ, BACK, and BREQO pins can be used as I/O
ports (Initial value)

1 External bus release is enabled

Bit 6—BREQO Pin Enable (BREQOE): Outputs a signal that requests the external bus master
to drop the bus request signal (BREQ) in the external bus release state, when an internal bus
master performs an external space access, or when a refresh request is generated.

Bit 6

BREQOE Description

0 BREQO output disabled. BREQO pin can be used as I/O port (Initial value)
1 BREQO output enabled
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Description

H8S/2329B, H8S/2328™°,

Bit 5 H8S/2326 H8S/2327 H8S/2323
0 On-chip ROM Addresses H'010000 to Reserved area™
H'01FFFF are on-chip
ROM or address H'020000
to H'O3FFFF are reserved
area™
1 Addresses H'010000 to H'03FFFF*? are external addresses in external expanded mode
or reserved area™ in single-chip mode (Initial value)
Notes: 1. Do not access a reserved area.

2.

Addresses H'010000 to H'O5FFFF in the H8S/2329B.
Addresses H'010000 to H'O7FFFF in the H8S/2326.

H8S/2328B in F-ZTAT version.

Bit 4—Reserved: Only 1 should be written to this bit.

Bit 3—DACK Timing Select (DDS): Selects the DMAC single address transfer bus timing for
the DRAM interface. In the H8S/2321 this bit is reserved and should only be written with 1.

Bit 3

DDS Description

0 When DMAC single address transfer is performed in DRAM space, full access is
always executed
DACK signal goes low from T, or Ty cycle

1 Burst access is possible when DMAC single address transfer is performed in DRAM

space

DACK signal goes low from T or T cycle (Initial value)

Bit 2—Reserved: Only 1 should be written to this bit.
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reserved and should only be written with 0.

Bit 1

WDBE Description

0 Write data buffer function not used (Initial value)
1 Write data buffer function used

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT
pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as I/O port (Initial value)
1 Wait input by WAIT pin enabled

6.2.6 Memory Control Register (MCR)

Bit : 7 6 5 4 3 2 1 0

. TPC | BE | RCDM | — MXC1 | MXCO | RLW1 | RLWO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

MCR is an 8-bit readable/writable register that selects the DRAM strobe control method, number
of precharge cycles, access mode, address multiplexing shift size, and the number of wait states
inserted during refreshing, when areas 2 to 5 are designated as DRAM interface areas.

MCR is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Note: Inthe H8S/2321 this register is reserved and must not be accessed.
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Bit 7

TPC Description
0 1-state precharge cycle is inserted (Initial value)
1 2-state precharge cycle is inserted

Bit 6—Burst Access Enable (BE): Selects enabling or disabling of burst access to areas 2 to 5
designated as DRAM space. DRAM space burst access is performed in fast page mode.

Bit 6

BE Description

0 Burst disabled (always full access) (Initial value)
1 For DRAM space access, access in fast page mode

Bit 5—RAS Down Mode (RCDM): When areas 2 to 5 are designated as DRAM space and
access to DRAM is interrupted, RCDM selects whether the next DRAM access is waited for with
the RAS signal held low (RAS down mode), or the RAS signal is driven high again (RAS up
mode).

Bit 5

RCDM Description

0 DRAM interface: RAS up mode selected (Initial value)
1 DRAM interface: RAS down mode selected

Bit 4—Reserved: Only 0 should be written to this bit.

Bits 3 and 2—Multiplex Shift Count 1 and 0 (MXC1, MXCO0): These bits select the size of the
shift to the lower half of the row address in row address/column address multiplexing for the
DRAM interface. In burst operation on the DRAM interface, these bits also select the row address
to be used for comparison.
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0 0 8-bit shift (Initial value)
e When 8-bit access space is designated: Row address A3 to Ag used
for comparison
e When 16-bit access space is designated: Row address A3 to Ag used
for comparison
1 9-bit shift
e When 8-bit access space is designated: Row address A3 to Ag used
for comparison
e When 16-bit access space is designated: Row address Az to Ay used
for comparison
1 0 10-bit shift
e When 8-bit access space is designated: Row address Az to Ay used
for comparison
e When 16-bit access space is designated: Row address A3 to A1; used
for comparison
1 J—

Bits 1 and 0—Refresh Cycle Wait Control 1 and 0 (RLW1, RLWO): These bits select the
number of wait states to be inserted in a DRAM interface CAS-before-RAS refresh cycle. This
setting is used for all areas designated as DRAM space. Wait input by the WAIT pin is disabled.

Bit 1 Bit 0

RLW1 RLWO Description

0 0 No wait state inserted (Initial value)
1 1 wait state inserted

1 0 2 wait states inserted
1 3 wait states inserted
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Bit : 7 6 5 4 3 2 1 0
| RFSHE | RCW |RMODE| CMF | CMIE | CKS2 | CKS1 | CKSO |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RIW RIW RIW RIW RIW RIW RIW

DRAMCR is an 8-bit readable/writable register that selects the DRAM refresh mode and refresh
counter clock, and controls the refresh timer.

DRAMCR is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Note: Inthe H8S/2321 this register is reserved and must not be accessed.

Bit 7—Refresh Control (RFSHE): Selects whether or not refresh control is performed. When
refresh control is not performed, the refresh timer can be used as an interval timer.

Bit 7

RFSHE Description

0 Refresh control is not performed (Initial value)
1 Refresh control is performed

Bit 6—RAS-CAS Wait (RCW): Controls wait state insertion in DRAM interface CAS-before-
RAS refreshing.

Bit 6

RCW Description

0 Wait state insertion in CAS-before-RAS refreshing disabled (Initial value)
RAS falls in Trr cycle

1 One wait state inserted in CAS-before-RAS refreshing

RAS falls in Tre1 cycle

Bit 5—Refresh Mode (RMODE): When refresh control is performed (RFSHE = 1), selects
whether or not self-refresh control is performed in software standby mode.

Bit 5

RMODE Description

0 Self-refreshing is not performed in software standby mode (Initial value)
1 Self-refreshing is performed in software standby mode
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When refresh control is performed (RFSHE = 1), 1 should be written to the CMF bit when writing
to DRAMCR.

Bit 4
CMF Description
0 [Clearing condition]
Cleared by reading the CMF flag when CMF = 1, then writing O to the CMF flag
(Initial value)
1 [Setting condition]

Set when RTCNT = RTCOR

Bit 3—Compare Match Interrupt Enable (CMIE): Enables or disables interrupt requests (CMI)
by the CMF flag when the CMF flag in DRAMCR s set to 1.

When refresh control is performed (RFSHE = 1), the CMIE bit is always cleared to 0.

Bit 3

CMIE Description

0 Interrupt request (CMI) by CMF flag disabled (Initial value)
1 Interrupt request (CMI) by CMF flag enabled

Bits 2 to 0—Refresh Counter Clock Select (CKS2 to CKSO0): These bits select the clock to be
input to RTCNT from among 7 internal clocks obtained by dividing the system clock (¢). When
the input clock is selected with bits CKS2 to CKS0, RTCNT begins counting up.

Bit 2 Bit 1 Bit 0
CKS2 CKs1 CKSO0 Description
0 0 0 Count operation disabled (Initial value)
1 Count uses ¢/2
1 0 Count uses ¢/8
1 Count uses ¢/32
1 0 0 Count uses ¢/128
1 Count uses ¢/512
1 0 Count uses ¢/2048
1 Count uses $/4096
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Bit : 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
RTCNT is an 8-bit readable/writable up-counter.
RTCNT counts up using the internal clock selected by bits CKS2 to CKS0 in DRAMCR.

When RTCNT matches RTCOR (compare match), the CMF flag in DRAMCR is set to 1 and
RTCNT is cleared to H'00. If the RFSHE bit in DRAMCR is set to 1 at this time, a refresh cycle is
started. Also, if the CMIE bit in DRAMCR is set to 1, a compare match interrupt (CMI) is
generated.

RTCNT is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Note: Inthe H8S/2321 this register is reserved and must not be accessed.

6.2.9 Refresh Time Constant Register (RTCOR)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-bit readable/writable register that sets the period for compare match operations
with RTCNT.

The values of RTCOR and RTCNT are constantly compared, and if they match, the CMF flag in
DRAMCR is setto 1 and RTCNT is cleared to H'00.

RTCOR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Note: Inthe H8S/2321 this register is reserved and must not be accessed.
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6.3.1 Area Partitioning

In advanced mode, the bus controller partitions the 16-Mbyte address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external space in area units. Figure 6.2 shows an

outline of the memory map.

Chip select signals (CSO to CS7) can be output for each area.

H'000000

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FFFFFF

Area 0
(2 Mbytes)

Area 1
(2 Mbytes)

Area 2
(2 Mbytes)

Area 3
(2 Mbytes)

Area 4
(2 Mbytes)

Area 5
(2 Mbytes)

Area 6
(2 Mbytes)

Area 7
(2 Mbytes)

Advanced mode

Figure 6.2 Overview of Area Partitioning
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The external space bus specifications consist of three elements: bus width, number of access
states, and number of program wait states.

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

Bus Width: A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit
bus is selected functions as an 8-bit access space, and an area for which a 16-bit bus is selected
functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any area is designated for 16-bit
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus mode is
always set.

Number of Access States: Two or three access states can be selected with ASTCR. An area for
which 2-state access is selected functions as a 2-state access space, and an area for which 3-state
access is selected functions as a 3-state access space.

With the DRAM interface™ and burst ROM interface, the number of access states may be
determined without regard to ASTCR.

When 2-state access space is designated, wait insertion is disabled.
Note: * The DRAM interface is not supported in the H8S/2321.

Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

Table 6.3 shows the bus specifications for each basic bus interface area.
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VVIINLT, VYV DUo Ipytiulditvalivliio \LaolL Duo fritcliavc)

ABWCR  ASTCR Program Wait
ABWn ASTn Wwnl Wno Bus Width Access States States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 — — 8 0
0 0 0
1 1
1 0 2
1 3

6.3.3 Memory Interfaces

The chip’s memory interfaces comprise a basic bus interface that allows direct connection of
ROM, SRAM, and so on; a DRAM interface™ that allows direct connection of DRAM; and a burst
ROM interface that allows direct connection of burst ROM. The interface can be selected
independently for each area.

An area for which the basic bus interface is designated functions as normal space, an area for
which the DRAM interface™ is designated functions as DRAM space, and an area for which the
burst ROM interface is designated functions as burst ROM space.

Note: * The DRAM interface is not supported in the H8S/2321.
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The initial state of each area is basic bus interface, 3-state access space. The initial bus width is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (6.4, Basic Bus Interface, 6.5, DRAM Interface
(Not supported in the H8S/2321), and 6.7, Burst ROM Interface) should be referred to for further
details.

Area 0: Area 0 includes on-chip ROM™, and in ROM-disabled expansion mode, all of area 0 is
external space. In the ROM-enabled expansion mode, the space excluding on-chip ROM™! is
external space.

When area 0 external space is accessed, the CS0 signal can be output.
Either basic bus interface or burst ROM interface can be selected for area 0.
Areas 1 and 6: In external expansion mode, all of area 1 and area 6 is external space.

When area 1 and 6 external space is accessed, the CS1 and CS6 pin signals respectively can be
output.

Only the basic bus interface can be used for areas 1 and 6.
Areas 2 to 5: In external expansion mode, all of area 2 to area 5 is external space.
When area 2 to 5 external space is accessed, signals CS2 to CS5 can be output.

Basic bus interface or DRAM interface™? can be selected for areas 2 to 5. With the DRAM
interface™?, signals CS2 to CS5 are used as RAS signals.

Area 7: Area 7 includes the on-chip RAM and internal 1/O registers. In external expansion mode,
the space excluding the on-chip RAM and internal 1/0O registers is external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SYSCR) is set to 1; when the
RAME bit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space .

When area 7 external space is accessed, the CS7 signal can be output.
Only the basic bus interface can be used for the area 7 memory interface.

Notes: 1. Only applies to versions with ROM.
2. The DRAM interface is not supported in the H8S/2321.
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The chip can output chip select signals (CS0 to CS7) to areas 0 to 7, the signal being driven low
when the corresponding external space area is accessed.

Figure 6.3 shows an example of CSn (n = 0 to 7) output timing.

Enabling or disabling of the CSn signal is performed by setting the data direction register (DDR)
for the port corresponding to the particular CSn pin and either the CS167 enable bit (CS167E) or
the CS25 enable bit (CS25E).

In ROM-disabled expansion mode, the CSO pin is placed in the output state after a power-on reset.
Pins CS1 to CS7 are placed in the input state after a power-on reset, so the corresponding DDR
bits, and CS167E or CS25E, should be set to 1 when outputting signals CS1 to CS7.

In ROM-enabled expansion mode, pins CSO to CS7 are all placed in the input state after a power-
on reset, so the corresponding DDR bits, and CS167E or CS25E, should be set to 1 when
outputting signals CSO0 to CS7.

For details, see section 9, 1/0 Ports.
When areas 2 to 5 are designated as DRAM space™, outputs CS2 to CS5 are used as RAS signals.

Note: * The DRAM interface is not supported in the H8S/2321.

! Bus cycle !
- —

T1 T, T3
! L L] ]
Address bus X Area n external address X
CSn

Figure 6.3 CSn Signal Output Timing (n =0 to 7)
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6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL. (See table
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 (Dys to Dg) or lower data bus (D5 to Dy) is used according to the bus specifications
for the area being accessed (8-bit access space or 16-bit access space) and the data size.

8-Bit Access Space: Figure 6.4 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to Dg) is always used for accesses. The amount of
data that can be accessed at one time is one byte: a word transfer instruction is performed as two
byte accesses, and a longword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D1s Dg D7

Byte size [T T

_ 1st bus cycle | : : : : : : :
Word size | —— |
| | | | | | |

2nd bus cycle

1st bus cycle

Longword size 2nd bus cycle

3rd bus cycle

4th bus cycle

Figure 6.4 Access Sizes and Data Alignment Control (8-Bit Access Space)
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for accesses. The amount of data that can be accessed at one time is one byte or one word, and a
longword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data bus is used is determined by whether the address is
even or odd. The upper data bus is used for an even address, and the lower data bus for an odd

address.

Byte size
Byte size

Word size

Longword
size

Upper data bus Lower data bus
D15 Dg D7 Do,

 Even address [T T 77 77 7]
» Odd address | L e L |

|

1st bus cycle
2nd bus cycle

Figure 6.5 Access Sizes and Data Alignment Control (16-Bit Access Space)
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Table 6.4 shows the data buses used and valid strobes for the access spaces.

In a read, the RD signal is valid without discrimination between the upper and lower halves of the
data bus.

In a write, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the
lower half.

Table 6.4 Data Buses Used and Valid Strobes

Access Read/ Valid Upper Data Bus Lower Data Bus
Area Size Write Address Strobe (D15 to Dg) (D7 to Do)
8-bit access  Byte Read — RD Valid Invalid
space Write — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-Z Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: Hi-Z: High impedance
Invalid: Input state; input value is ignored.
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8-Bit 2-State Access Space: Figure 6.6 shows the bus timing for an 8-bit 2-state access space.
When an 8-bit access space is accessed, the upper half (D;5 to Dg) of the data bus is used.

The LWR pin is fixed high. Wait states cannot be inserted.

+————— Buscycle ———————
| ‘
‘

T1

Address bus B |
CSn |

Dy to Dy

Write

e
.

N
T
(e )
-

Dy5 to Dg ~—< ! Valid

3 High impedance

D- to Dy

Note: n=0to 7

Figure 6.6 Bus Timing for 8-Bit 2-State Access Space
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The LWR pin is fixed high. Wait states can be inserted.

Bus cycle
T2

Ta

T1

¢

NE
©
> =
T 3
nla c
> 8
[0}
ey o
=) £
T =
2
T
1) [oe] o 00 o
8 5 |2 2 o & < < a [
a o = =
P © =] =) T - <] 2
@ 9 & 9 &
= [a) )
he]
<
o =

=0to7

Note: n

Figure 6.7 Bus Timing for 8-Bit 3-State Access Space
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the even address, and the lower half (D; to Dy) for the odd address.

Wait states cannot be inserted.

————— Buscycle ————————

i Ty : T2 ;
0 I
Address bus :>< 3 ><:
= | | —
=L
T
Read Disto Dg {  Valid ; —
D; to Dg { Invalid ; —
o [

CWR Hi;gh ]

Write : ‘ :
D;sto Dg ~—< Valid >—

D, o D i §High impedance i

Note: n=0to 7

Figure 6.8 Bus Timing for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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Address bus >< b

Read D;s5 to Dg ‘ { Invalid ' }—

D- to Dy i { valid |}—

HWR ‘ High
LWR | | |
Write | |
‘ 'High impedance ‘
D15 to D8 ;

D- to Dy *—< " Valid >7

Note: n=0to 7

Figure 6.9 Bus Timing for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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. B A
Address bus >< ><:
- o o
. —
- —

Read D;s5 to Dg ‘ { vald ' )—

D- to Dy i { vald |}—

—

|

T
=
T

Write

D15 to D8 4%—< § Valid >7
D- to Dy *—< " Valid >7

Note: n=0to 7

Figure 6.10 Bus Timing for 16-Bit 2-State Access Space (3) (Word Access)
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for the even address, and the lower half (D; to Dy) for the odd address.

Wait states can be inserted.

Bus cycle

Read D15 to Dg

D7 to Do

FWR

Write

D15 to Dg

| T
Address bus B | :

High impedance ‘

D7 to Do

Note: n=0to7

Figure 6.11 Bus Timing for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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Address bus ><

CSn

Read | Dj5toDg —— | j { Invalid | }—

HWR High !

LWR ! |

Write
1 High impedance 1

D15 to Dg . : 3

D, to Dg ——< : Valid >—

Note: n=0to7

Figure 6.12 Bus Timing for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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Ty ! T 3 T3

Address bus ><

CSn

valid |

Read { Dj5toDg —— | j { valid }—

Write

D15 to Dg ‘%—< ! Valid ! i
—‘—< | valid | >—

D7 to DO

Note: n=0to7

Figure 6.13 Bus Timing for 16-Bit 3-State Access Space (3) (Word Access)
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When accessing external space, the chip can extend the bus cycle by inserting one or more wait
states (T,,). There are two ways of inserting wait states: program wait insertion and pin wait
insertion using the WAIT pin.

Program Wait Insertion: From 0 to 3 wait states can be inserted automatically between the T,
state and T state on an individual area basis in 3-state access space, according to the settings of
WCRH and WCRL.

Pin Wait Insertion: Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the
WALIT pin. When external space is accessed in this state, program wait insertion is first carried out
according to the settings in WCRH and WCRL. Then, if the WAIT pin is low at the falling edge of
¢ in the last T, or T, state, a T, state is inserted. If the WAIT pin is held low, T, states are

inserted until it goes high.

This is useful when inserting four or more T,, states, or when changing the number of T,, states for
different external devices.

The WAITE bit setting applies to all areas. The WAITPS bit can be used to change the WAIT
input pin from PF, to P5;. To make this change, select the input pin with the WAITPS bit, then set
the WAITE bit.
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By program wait By WAIT pin

Tl T2 Tw TW TW T3
= ~t= -1 1= - -1 >
¢ |
WAIT
Address bus :>< ><i
AS

™ |
Read
Data bus { Read data >—
HWR, LWR
Write
Data bus 4< Write data >—

Note: } indicates the timing of WAIT pin sampling.

Figure 6.14 Example of Wait State Insertion Timing

The settings after a power-on reset are: 3-state access, 3 program wait state insertion, and WAIT
input disabled.

Rev.6.00 Sep. 27, 2007 Page 182 of 1268
REJ09B0220-0600
RENESAS



6.5.1 Overview

When the chip is in advanced mode, external space areas 2 to 5 can be desighated as DRAM
space, and DRAM interfacing performed. With the DRAM interface, DRAM can be directly
connected to the chip. A DRAM space of 2, 4, or 8 Mbytes can be set by means of bits RMTS2 to
RMTSO0 in BCRH. Burst operation is also possible, using fast page mode.

6.5.2 Setting DRAM Space

Areas 2 to 5 are designated as DRAM space by setting bits RMTS2 to RMTSO0 in BCRH. The
relation between the settings of bits RMTS2 to RMTS0 and DRAM space is shown in table 6.5.
Possible DRAM space settings are: one area (area 2), two areas (areas 2 and 3), and four areas
(areas 2 to 5).

Table 6.5  Settings of Bits RMTS2 to RMTS0 and Corresponding DRAM Spaces

RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 1 Normal space DRAM space
1 0 Normal space DRAM space
1 DRAM space
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WITN DRAIVI SPaCE, the row address and column aadress are mulitiplexed. 1n address muitiplexing,
the size of the shift of the row address is selected with bits MXC1 and MXCO in MCR. Table 6.6
shows the relation between the settings of MXC1 and MXCO0 and the shift size.

Table 6.6  Address Multiplexing Settings by Bits MXC1 and MXCO0

MCR Shift Address Pins
MXC1 MXCO Size A2z t0 A13A12 A11 Ao As As A7 As As As Az A2 A1 Ao
Row 0 0 8 bits A23 10 A13 A20 A1o At A17 At Ais A1a A1z Az Aix Ao As Ag
address 1 9 bits Azs 10 A1z A1z Azo Are Ats A7 Ass Ats Aws A1z Az Aux Ao Ag
1 0 10 bits A3 to A1z A1z A1x Azo Aig Arg A1z At Ats Ara A1z Az A Ao
1

Settng — || |0 — — — — — — — — — — — — —
prohibited

Column — — — A2310 A1z A1z A1 Ao As Ag A7 As As Ay As A2 A1 Ao
address

6.5.4 Data Bus

If the bit in ABWCR corresponding to an area designated as DRAM space is set to 1, that area is
designated as 8-bit DRAM space; if the bit is cleared to 0, the area is designated as 16-bit DRAM
space. In 16-bit DRAM space, x16-bit configuration DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D;s to Dg, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D5 to Dy, are enabled.

Access sizes and data alignment are the same as for the basic bus interface. For details, see section
6.4.2, Data Size and Data Alignment.
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Table 6.7 shows the pins used for DRAM interfacing and their functions.

Table 6.7 DRAM Interface Pins
With DRAM

Pin Setting Name 110 Function

HWR WE Write enable Output  When 2-CAS system is set,
write enable for DRAM space
access

LCAS LCAS Lower column address Output Lower column address strobe

strobe for 16-bit DRAM space access

Cs2 RAS2 Row address strobe 2 Output Row address strobe when area
2 is designated as DRAM space

CS3 RAS3 Row address strobe 3 Output Row address strobe when area
3 is designated as DRAM space

CS4 RAS4 Row address strobe 4 Output Row address strobe when area
4 is designated as DRAM space

CS5 RAS5 Row address strobe 5 Output Row address strobe when area
5 is designated as DRAM space

CAS UCAS Upper column address Output Upper column address strobe

strobe for DRAM space access

WAIT WAIT Wait Input Wait request signal

Axto Ao Aixto Ao Address pins Output Row address/column address
multiplexed output

Disto Dy Disto Do Data pins 1/0 Data input/output pins
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Figure 6.15 shows the basic access timing for DRAM space. The basic DRAM access timing is 4
states. Unlike the basic bus interface, the corresponding bits in ASTCR control only enabling or
disabling of wait insertion, and do not affect the number of access states. When the corresponding
bit in ASTCR is cleared to 0, wait states cannot be inserted in the DRAM access cycle.

The 4 states of the basic timing consist of one T, (precharge cycle) state, one T, (row address
output cycle), and two T, (column address output cycle) states, T¢; and Te,.

0 I R S O R
Ay3to Ag :>< >< Row >< Colymn ><
CSn (RAS) _l | T
oswows | [
Read | % % % i
Pistoy | f——— ; —{_F
AWRWE) A R
Write
owire (-

Note: n=2to5

Figure 6.15 Basic Access Timing
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When DRAM is accessed, an RAS precharging time must be secured. With the chip, one T, state
is always inserted when DRAM space is accessed. This can be changed to two T, states by setting
the TPC bit in MCR to 1. Set the appropriate number of T, cycles according to the DRAM
connected and the operating frequency of the chip. Figure 6.16 shows the timing when two T,
states are inserted.

When the TCP bit is set to 1, two T, states are also used for refresh cycles.

LT . T T T T
S s s s I N I

A,z to A :>< i ;>< Row >< Column i [

i ] | -
wnew [
Read 3 i i i i 3
a0l f—— 1}
T N
Wiie 1 § § § § §
oartn p——————— (-

Note: n=2to5

Figure 6.16 Timing with 2-State Precharge Cycle
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There are two ways of inserting wait states in a DRAM access cycle: program wait insertion and
pin wait insertion using the WAIT pin.

Program Wait Insertion: When the bit in ASTCR corresponding to an area designated as DRAM
space is set to 1, from 0 to 3 wait states can be inserted automatically between the T, state and T,
state, according to the settings of WCRH and WCRL.

Pin Wait Insertion: When the WAITE bit in BCRH is set to 1, wait input by means of the WAIT
pin is enabled regardless of the setting of the AST bit in ASTCR. When DRAM space is accessed
in this state, a program wait is first inserted. If the WAIT pin is low at the falling edge of ¢ in the
last T¢, or T,, state, another T, state is inserted. If the WAIT pin is held low, T,, states are inserted
until it goes high.

Figure 6.17 shows an example of wait state insertion timing.
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WAIT*
Address bus :>< >< >< ><i
CSn (RAS)
CAS
Read
Data bus < Read data >—
CAS r
Write
Data bus < Write data >>

Notes: 1 indicates the timing of WAIT pin sampling.
n=2to5

Figure 6.17 Example of Wait State Insertion Timing
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When DRAM with a x16 configuration is connected, the 2-CAS system can be used for the
control signals required for byte access.

Figure 6.18 shows the control timing in the 2-CAS system, and figure 6.19 shows an example of
2-CAS type DRAM connection.

Row >< Column ><

Note: n=2to5

Figure 6.18 2-CAS System Control Timing (Upper Byte Write Access)
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-
(Address shift size set to 9 bits)

CS (RAS)
CAS
LCAS
HWR (WE)

D15 to DO

e Wyt A AV

ML LU g it

9-bit column address

Y

A\

Ag Row address
input: Ag to Ag

Column address
input: Ag to Ag

D15 to DO

OE

T

Figure 6.19 Example of 2-CAS DRAM Connection
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With DRAM, in addition to full access (normal access) in which data is accessed by outputting a
row address for each access, a fast page mode is also provided which can be used when making a
number of consecutive accesses to the same row address. This mode enables fast (burst) access of
data by simply changing the column address after the row address has been output. Burst access
can be selected by setting the BE bit in MCR to 1.

Burst Access (Fast Page Mode) Operation Timing: Figure 6.20 shows the operation timing for
burst access. When there are consecutive access cycles for DRAM space, the CAS signal and
column address output cycles (two states) continue as long as the row address is the same for
consecutive access cycles. The row address used for the comparison is set with bits MXC1 and
MXCO0 in MCR.

Column 1 >< Column 2 ;X:

CSn (RAS) | | | | | [
CAS,[CAS _| | |
mRwe ]
Read | 3 | 3 ! 3 ;
DistoDy | ; —( ) {1y
AWR (WE) |
Write i i i ! i ! i
owory (| {

Note: n=2to5

Figure 6.20 Operation Timing in Fast Page Mode

The bus cycle can also be extended in burst access by inserting wait states. The wait state insertion
method and timing are the same as for full access. For details, see section 6.5.8, Wait Control.
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case, if the RAS signal is held low during the access to the other space, burst operation can be
resumed when the same row address in DRAM space is accessed again.

e RAS down mode

To select RAS down mode, set the RCDM bit in MCR to 1. If access to DRAM space is
interrupted and another space is accessed, the RAS signal is held low during the access to the
other space, and burst access is performed if the row address of the next DRAM space access
is the same as the row address of the previous DRAM space access. Figure 6.21 shows an
example of the timing in RAS down mode.

Note, however, that the RAS signal will go high if a refresh operation interrupts RAS down
mode.

External space
DRAM access access DRAM access

f Tp o T 0 Ta o Ty 1 T, T, 1 Taa o+ Te 1

o

||
e
OO

Note: n=2to5

Figure 6.21 Example of Operation Timing in RAS Down Mode
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is interrupted and another space is accessed, the RAS signal goes high again. Burst operation is
only performed if DRAM space is continuous. Figure 6.22 shows an example of the timing in
RAS up mode.

In the case of burst ROM space access, the RAS signal is not restored to the high level.

External space
DRAM access access

T ! Tr ! Tcl ! TC2 1 Tcl ! TC2 1 Tl ! T2 1

J L]

DRAM access

L NEEEEEEEEE
e e e
CAS, LCAS | | | |
e O

Note: n=2to5

Figure 6.22 Example of Operation Timing in RAS Up Mode
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The chip is provided with a DRAM refresh control function. Either of two refreshing methods can
be selected: CAS-before-RAS (CBR) refreshing, or self-refreshing.

CAS-before-RAS (CBR) Refreshing: To select CBR refreshing, set the RFSHE bit in DRAMCR
to 1, and clear the RMODE bit to 0.

With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKS0 in
DRAMCR, and when the count matches the value set in RTCOR (compare match), refresh control
is performed. At the same time, RTCNT is reset and starts counting again from H'00. Refreshing is
thus repeated at fixed intervals determined by RTCOR and bits CKS2 to CKSO0. Set a value in
RTCOR and bits CKS2 to CKSO0 that will meet the refreshing interval specification for the DRAM
used.

When bits CKS2 to CKSO0 are set, RTCNT starts counting up. RTCNT and RTCOR settings
should therefore be completed before setting bits CKS2 to CKSO0.

Do not clear the CMF flag when refresh control is being performed (RFSHE = 1).

RTCNT operation is shown in figure 6.23, compare match timing in figure 6.24, and CBR refresh
timing in figure 6.25.

Access to other normal space can be performed during the CBR refresh interval.

RTCNT

Refresh request |_| |_| |_| |_| |_|

Figure 6.23 RTCNT Operation
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RTCNT N >< H'00

RTCOR N

Refresh request signal
and CMF bit setting signal

Figure 6.24 Compare Match Timing

9
T
5
L]

CAS, LCAS

Note: n=2to5

Figure 6.25 CBR Refresh Timing

When the RCW bit is set to 1, RAS signal output is delayed by one cycle. The width of the RAS
signal should be adjusted with bits RLW1 and RLWO. These bits are only enabled in refresh
operations.

Figure 6.26 shows the timing when the RCW bit is set to 1.

Rev.6.00 Sep. 27,2007 Page 196 of 1268
REJ09B0220-0600

RENESAS




csn (RAS) |

CAS, LCAS

Note: n=2to5

Figure 6.26 CBR Refresh Timing (When RCW =1, RLW1 =0, RLW0=1)

Self-Refreshing: A self-refresh mode (battery backup mode) is provided for DRAM as a kind of
standby mode. In this mode, refresh timing and refresh addresses are generated within the DRAM.

To select self-refreshing, set the RFSHE bit and RMODE bit in DRAMCR to 1. Then, when a
SLEEP instruction is executed to enter software standby mode, the CAS and RAS signals are
output and DRAM enters self-refresh mode, as shown in figure 6.27.

When software standby mode is exited, the RMODE bit is cleared to 0 and self-refresh mode is
cleared.

When switching to software standby mode, if there is a CBR refresh request, CBR refreshing is
executed before self-refresh mode is entered.

Software

CSn (RAS) ! : ! ) |
| | | | S | |

CAS, [CAS } } L :
| | | | S i |
o | | | | | N ! |
AWRWE) — | | High - | |

Note: n=2to5

Figure 6.27 Self-Refresh Timing
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When burst mode is selected with the DRAM interface, the DACK output timing can be selected
with the DDS bit. When DRAM space is accessed in DMAC single address mode at the same
time, this bit selects whether or not burst access is to be performed.

6.6.1 When DDS =1

Burst access is performed by determining the address only, irrespective of the bus master. The
DACK output goes low from the T, state in the case of the DRAM interface.

Figure 6.28 shows the DACK output timing for the DRAM interface when DDS = 1.

¢

.
Aptohy )
CSn (RAS) |

CAS (UCAS)
LCAS (LCAS)

HWR (WE) 3 }
Read
HWR (WE) 1 i
Write |

Dy5to Dy

]
]
Dy5to Dy j
.

Note: n=2to5

Figure 6.28 DACK Output Timing when DDS =1 (Example of DRAM Access)
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When DRAM space is accessed in DMAC single address mode, full access (normal access) is
always performed. The DACK output goes low from the T, state in the case of the DRAM
interface.

In modes other than DMAC single address mode, burst access can be used when accessing DRAM
space.

Figure 6.29 shows the DACK output timing for the DRAM interface when DDS = 0.

¢

.
Aptohs
CSn (RAS) |

DACK

CAS (UCAS) J
LCAS (LCAS) — ; I—l !
HWR (WE) J |
Read ‘
FWR (WE) | § | §
Write | i ! |
D;5 to Dy :\/ j { ! —

Note: n=2to5

Figure 6.29 DACK Output Timing when DDS = 0 (Example of DRAM Access)
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6.7.1 Overview

With the chip, external space area 0 can be designated as burst ROM space, and burst ROM
interfacing can be performed. The burst ROM space interface enables 16-bit configuration ROM
with burst access capability to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
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.

6.7.2 Basic Timing

The number of states in the initial cycle (full access) of the burst ROM interface is in accordance
with the setting of the ASTO bit in ASTCR. Also, when the ASTO 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 BRSTS1 bit in BCRH. Wait states cannot be inserted. When area 0 is designated as burst
ROM space, it becomes 16-bit access space regardless of the setting of the ABWO bit in ABWCR.

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

The basic access timing for burst ROM space is shown in figures 6.30 (a) and (b). The timing
shown in figure 6.30 (a) is for the case where the AST0 and BRSTS1 bits are both set to 1, and
that in figure 6.30 (b) is for the case where both these bits are cleared to 0.
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Address bus

CSo

Data bus

\/
Only lower ad/d\ress changed ><

-

-

—< Read data >—< Read data >—< Read data >—

Figure 6.30 (a) Example of Burst ROM Access Timing (When ASTO = BRSTS1 =1)
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LE T2 Ty T

: ( \/ ) :
Address bus ><Only lower ad;j{ess changed

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

Figure 6.30 (b) Example of Burst ROM Access Timing (When AST0 = BRSTS1 =0)

6.7.3 Wait Control

As with 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 a burst cycle.
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6.8.1 Operation

When the chip accesses external space, it can insert a 1-state idle cycle (T,) between bus cycles in
the following two cases: (1) when read accesses in different areas occur consecutively, and (2)
when a write cycle occurs immediately after a read cycle. By inserting an idle cycle it is possible,
for example, to avoid data collisions between ROM, with a long output floating time, and high-
speed memory, 1/O interfaces, and so on.

Consecutive Reads in Different Areas: If consecutive reads in different areas occur while the
ICIS1 bit in BCRH is set to 1, an idle cycle is inserted at the start of the second read cycle. This is
enabled in advanced mode.

Figure 6.31 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a read cycle from SRAM,
each being located in a different area. In (a), an idle cycle is not inserted, and a collision occurs in
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T, T, T,

Address bus j( :X )C Address bus j( :X

CS (area A) CS (area A)
i | CS (area B) ; ; |
o . RO 1 I

Data bus j—( )—( j)»

Long output
floating time

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (ICIS1 =1 (initial value))

Figure 6.31 Example of Idle Cycle Operation (1)
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Figure 6.32 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycle is not inserted, and a collision occurs in cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycle is inserted, and a data collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

T, T, T30 Ty Tp T, T, T30 T, T, T

o] | o LT LT LI L L L
Address bus j Q( ix: Address bus j iX

| C

CS (area A) CS (area A)

CS (area B) | CS (area B) |
oL [ ool

o =

Data bus N Data bus |
WA

-

‘ ‘ Data
Long output | ¢ jigjon
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0O=0) (ICISO = 1 (initial value))

Figure 6.32 Example of Idle Cycle Operation (2)
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figure 6.33.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, as in (b), however, will prevent any overlap between the RD and CS
signals.

In the initial state after reset release, idle cycle insertion (b) is set.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

1 ‘ ‘ i T, T, T3 i T T
o LT LT LI L L o LI LI L L L L

Address bus :b( \ x: Address bus :b( }X ;X:

CS (area A) CS (area A)

CS (area B)

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (ICIS1 = 1 (initial value))

Figure 6.33 Relationship between Chip Select (CS) and Read (RD)
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DRAM access™, only a T, cycle is inserted, and a T, cycle is not. The timing in this case is shown
in figure 6.34.

However, in burst access in RAS down mode these settings are enabled, and an idle cycle is
inserted. The timing in this case is shown in figures 6.35 (a) and (b).

Note: * The DRAM interface is not supported in the H8S/2321.

=— External read —=-=— DRAM space read —>

Address bus :X X X X
o] —1 T

Data bus { | } { )

Figure 6.34 Example of DRAM Access after External Read
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RO I gy
m_ﬁ f |
CAS, LCAS |_| L
Data bus # | )—CD—

Idle cycle

Figure 6.35 (a) Example of Idle Cycle Operation in RAS Down Mode (ICIS1 = 1)

Address :X X X X X X:
o B |
R | L
RAS | |
CAS, [CAS |_ |_|_
Data bus » >—
Idle cycle

Figure 6.35 (b) Example of Idle Cycle Operation in RAS Down Mode (ICISO = 1)
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Table 6.8 shows the pin states in an idle cycle.

Table 6.8 Pin States in Idle Cycle

Pins Pin State

Azs to Ag Contents of next bus cycle
D15 to Do High impedance

CSn™* High™*

CAS™ High

AS High

RD High

HWR High

LWR High

DACKm™® ** High

Notes: 1. Remains low in DRAM space RAS down mode or a refresh cycle.

2.
3.
4.

n=0to7
m=0and 1
The CAS and DACKm pin functions are not supported in the H8S/2321.
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The chip has a write data buffer function in the external data bus. Using the write data buffer
function enables external writes and DMA single address mode transfers to be executed in parallel
with internal accesses. The write data buffer function is made available by setting the WDBE bit
in BCRL to 1.

Figure 6.36 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external write or DMA single address mode transfer™ continues for 2 states
or longer, and there is an internal access next, only an external write is executed in the first state,
but from the next state onward an internal access (on-chip memory or internal 1/O register
read/write) is executed in parallel with the external write rather than waiting until it ends.

Note: * The DMAC is not supported in the H8S/2321.

On-chip memory read Internal I/O register read

External write cycle

L Tz Tw Tw T3

Internal address bus >< >< >< ><

Internal memory  Internal I/O register address

A3 10 A

Internal read signal |

External address 3

CSn
External
space | !
write -
HWR, LWR

Note: n=0to7

Figure 6.36 Example of Timing when Write Data Buffer Function is Used
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6.10.1 Overview

The chip can release the external bus in response to a bus request from an external device. In the
external bus released state, the internal bus master continues to operate as long as there is no
external access.

If an internal bus master wants to make an external access in the external bus released state, or if a
refresh request™ is generated, it can issue a bus request off-chip.

The BREQOPS bit can be used to change the BREQO output pin from PF; to P5s.

Note: * The DRAM interface is not supported in the H8S5/2321.

6.10.2  Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to the chip. When the
BREQ pin is sampled, at the prescribed timing the BACK pin is driven low, and the address bus,
data bus, and bus control signals are placed in the high-impedance state, establishing the external
bus released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped. Even if a refresh request™ is generated in the external bus released state, refresh control™
is deferred until the external bus master drops the bus request.

If the BREQOE bit in BCRL is set to 1, when an internal bus master wants to make an external
access in the external bus released state, or when a refresh request™ is generated, the BREQO pin
is driven low and a request can be made off-chip to drop the bus request.

When the BREQ pin is driven high, the BACK pin is driven high at the prescribed timing and the
external bus released state is terminated.

If an external bus release request and external access occur simultaneously, the order of priority is
as follows:

(High) External bus release > Internal bus master external access (Low)
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(High) Refresh™ > External bus release (Low)

As a refresh™ and an external access by an internal bus master can be executed simultaneously,
there is no relative order of priority for these two operations.

Note: * The DRAM interface is not supported in the H8S/2321.

6.10.3  Pin States in External Bus Released State
Table 6.9 shows the pin states in the external bus released state.

Table 6.9  Pin States in Bus Released State

Pins Pin State
Aoz to Ag High impedance
D15 to Do High impedance
csn™t High impedance
CAS™ High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
DACKm™?*® High
Notes: 1. n=0to 7

2. m=0orl

3. The CAS and DACKm pin functions are not supported in the H8S/2321.
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Figure 6.37 shows the timing for transition to the bus released state.

CPU cycle ‘ External bus released state
-—

High impedadce

Address bus >< Address ‘ ‘ : 1
3 ‘ High impedaﬁce ‘ ‘
Data bus ! V - - - -
o ‘ \ | High impedarice /—'7
AS | : : : : !
o ‘ ‘ ‘ High impedance ‘/—1—
RD m ‘ ‘ | |
w High impedance !
HWR, LWR | | | i i |
BREQ \ | : : /o | |
BACK 1 O\ e 1
BREQO™ ' Minimum | 3 \ | | /7
. lstate | | i ] |
-~ | | | |
[1] [2] [3] [4] [5] 6]
[1] Low level of BREQ pin is sampled at rise of T, state.
[2] BACK pin is driven low at end of CPU read cycle, releasing bus to external
bus master.
[3] BREQ pin state is still sampled in external bus released state.
[4] High level of BREQ pin is sampled.
[5] BACK pin is driven high, ending bus release cycle.
[6] BREQO signal goes high 1.5 clocks after BACK signal goes high.

Note: * Output only when BREQOE is set to 1.

Figure 6.37 Bus Released State Transition Timing
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Do not set MSTPCR to H'FFFF or H'EFFF, since the external bus release function will halt if a
transition is made to sleep mode when either of these settings has been made.

6.11 Bus Arbitration

6.11.1  Overview
The chip has a bus arbiter that arbitrates bus master operations.

There are three bus masters, the CPU, DTC, and DMAC™, which perform read/write operations
when they have possession of the bus. Each bus master requests the bus by means of a bus 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 begins its operation.

Note: * The DMAC is not supported in the H8S/2321.

6.11.2  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
more than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession of the
bus until that signal is canceled.

The order of priority of the bus masters is as follows:
(High) DMAC™ > DTC > CPU (Low)

An internal bus access by an internal bus master, external bus release, and refreshing™, can be
executed in parallel.

In the event of simultaneous external bus release request, refresh request™, and internal bus master
external access request generation, the order of priority is as follows:

(High) Refresh™ > External bus release (Low)

(High) External bus release > Internal bus master external access (Low)
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Note: * The DMAC and DRAM interface are not supported in the H8S/2321.

6.11.3  Bus Transfer Timing

Even if a bus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU is the lowest-priority bus master, and if a bus request is received from the DTC or
DMAC™, the bus arbiter transfers the bus to the bus master that issued the request. The timing for
transfer of the bus is as follows:

e The bus is transferred at a break between bus cycles. However, if a bus cycle is executed in
discrete operations, as in the case of a longword-size access, the bus is not transferred between
the operations. See appendix A.5, Bus States during Instruction Execution, for timings at
which the bus is not transferred.

o If the CPU is in sleep mode, it transfers the bus immediately.

DTC: The DTC sends the bus arbiter a request for the bus when an activation request is generated.

The DTC can release the bus after a vector read, a register information read (3 states), a single data
transfer, or a register information write (3 states). It does not release the bus during a register
information read (3 states), a single data transfer, or a register information write (3 states).

DMAC™: The DMAC sends the bus arbiter a request for the bus when an activation request is
generated.

In the case of an external request in short address mode or normal mode, and in cycle steal mode,
the DMAC releases the bus after a single transfer.

In block transfer mode, it releases the bus after transfer of one block, and in burst mode, after
completion of a transfer.

Note: * The DMAC is not supported in the H8S/2321.
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External bus release can be performed on completion of an external bus cycle. The RD signal and
the DRAM interface™ RAS and CAS signals remain low until the end of the external bus cycle.
Therefore, when external bus release is performed, the RD, RAS, and CAS signals may change
from the low level to the high-impedance state.

Note: * The DRAM interface is not supported in the H8S/2321.

6.12 Resets and the Bus Controller

In a reset, the chip, including the bus controller, enters the reset state at that point, and any
executing bus cycle is discontinued.
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7.1 Overview

The chip has a built-in DMA controller* (DMAC) which can carry out data transfer on up to 4
channels.

Note: * The DMAC is not supported in the H8S/2321.

7.1.1 Features
The features of the DMAC are listed below.

e Choice of short address mode or full address mode
Short address mode
— Maximum of 4 channels can be used
— Choice of dual address mode or single address mode

— In dual address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 bits and the other as 16 bits

— In single address mode, transfer source or transfer destination address only is specified as
24 bits

— In single address mode, transfer can be performed in one bus cycle

— Choice of sequential mode, idle mode, or repeat mode for dual address mode and single
address mode

Full address mode
— Maximum of 2 channels can be used
— Transfer source and transfer destination address specified as 24 bits
— Choice of normal mode or block transfer mode
e 16-Mbyte address space can be specified directly
e Byte or word can be set as the transfer unit

e Activation sources: internal interrupt, external request, auto-request (depending on transfer
mode)

— Six 16-bit timer-pulse unit (TPU) compare match/input capture interrupts

— Serial communication interface (SCIO, SCI1) transmission data empty interrupt, reception
data full interrupt

— AJ/D converter conversion end interrupt
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e Module stop mode can be set

— The initial setting enables DMAC registers to be accessed. DMAC operation is halted by
setting module stop mode

7.1.2 Block Diagram

A block diagram of the DMAC is shown in figure 7.1.

Internal address bus

Internal interrupts
$g:2ﬁ — - Address buffer
—
TGI2A  —»| -
TGI3BA —» >/ Processor
TGUA — =
TGISA —» 3 MAROA
TXIO b
RXIO — » ' ol E IOAROA :
XL ] Control logic T 5 ETCROA 2
= HE E
External pins - |©|E IOAROB 2
DREQD — S 3
DREQT — = DMAWER G ETCROB S
%NB? - DMATCR 3 MAR1A
- o
DACKO -~ DMACROA - % IOARIA
[}
| DACK1I - DMACROB =5 ETCRIA
nterrupt signals c [ m |
PDENDOA <—| DMACRI1A 59 MAR1B
DENDOB ~— DMACRI1B % IOAR1B
NI = | DMABCR S ETCR1B

Data buffer

Legend:

DMAWER: DMA write enable register

DMATCR: DMA terminal control register

DMABCR: DMA band control register (for all channels)
DMACR: DMA control register

Internal data bus

MAR: Memory address register
I0AR: I/O address register
ETCR: Execute transfer count register

Figure 7.1 Block Diagram of DMAC
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Tables 7.1 (1) and (2) summarize DMAC functions in short address mode and full address mode,
respectively.

Table 7.1 (1) Overview of DMAC Functions (Short Address Mode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Dual address mode e TPU channel 0to 24/16 16/24
e Sequential mode 5 compare
— 1-byte or 1-word transfer executed match/input
for one transfer request capture A
— Memory address Interrupt
incremented/decremented by 1 or 2 * SCI transmit-
— 110 65,536 transfers fjata-empty
interrupt
e Idle mode .
e SCl receive-
— 1-byte or 1-word transfer executed data-full interrupt
for one transfer request
) e A/D converter
— Memory address fixed conversion end
— 1 to 65,536 transfers interrupt
* Repeat mode o External request
— 1-byte or 1-word transfer executed
for one transfer request
— Memory address incremented/
decremented by 1 or 2
— After specified number of transfers
(1 to 256), initial state is restored
and operation continues
e Single address mode o External request 24/DACK  DACK/24

1-byte or 1-word transfer executed for
one transfer request

Transfer in 1 bus cycle using DACK pin
in place of address specifying 1/0
Specifiable for sequential, idle, and
repeat modes

Rev.6.00 Sep. 27,2007 Page 219 of 1268

RENESAS

REJ09B0220-0600



MUUTToo TATYlotltl Dit LTiiytil

Transfer Mode Transfer Source Source Destination

¢ Normal mode e Auto-request 24 24
Auto-request
— Transfer request retained internally
— Transfers continue for the specified
number of times (1 to 65,536)

— Choice of burst or cycle steal
transfer

External request e External request

— 1-byte or 1-word transfer executed
for one transfer request

— 1 to 65,536 transfers

e Block transfer mode e TPUchannel0to 24 24
— Specified block size transfer 5 compare
executed for one transfer request match/input
— 110 65,536 transfers capture A

. L interrupt
— Either source or destination P

specifiable as block area e SCl transmit-

— Block size: 1 to 256 bytes or words _data-empty
interrupt

e SCl receive-
data-full interrupt

e External request

e A/D converter
conversion end

interrupt
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Table 7.2 summarizes the DMAC pins.

In short address mode, external request transfer, single address transfer, and transfer end output
are not performed for channel A.

The DMA transfer acknowledge function is used in channel B single address mode in short
address mode.

When the DREQ pin is used, do not designate the corresponding port for output.

With regard to the DACK pins, setting single address transfer automatically sets the corresponding
port to output, functioning as a DACK pin.

With regard to the TEND pins, whether or not the corresponding port is used as a TEND pin can
be specified by means of a register setting.

Table 7.2 DMAC Pins

Channel Pin Name Symbol 1/0 Function
0 DMA request 0 DREQO Input DMAC channel 0 external
request

DMA transfer acknowledge 0 DACKO Output DMAC channel 0 single address
transfer acknowledge

DMA transfer end 0 TENDO Output DMAC channel 0 transfer end
1 DMA request 1 DREQ1 Input DMAC channel 1 external
request

DMA transfer acknowledge 1 DACK1 Output DMAC channel 1 single address
transfer acknowledge

DMA transfer end 1 TEND1 Output DMAC channel 1 transfer end
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Table 7.3 summarizes the DMAC registers.

Table 7.3 DMAC Registers

Initial Bus Width
Channel Name Abbreviation R/W Value Address™
0 Memory address register OA  MAROA R/W Undefined H'FEEO 16 bits
1/0 address register 0A IOAROA R/W Undefined H'FEE4 16 bits
Transfer count register OA ETCROA R/W Undefined H'FEE6 16 bits
Memory address register 0B MAROB R/W Undefined H'FEE8 16 bits
1/0 address register 0B IOAROB R/W Undefined H'FEEC 16 bits
Transfer count register OB ETCROB R/W Undefined H'FEEE 16 bits
1 Memory address register 1A MAR1A R/W Undefined H'FEFO 16 bhits
1/0 address register 1A IOAR1A R/W Undefined H'FEF4 16 bits
Transfer count register 1A ETCR1A R/W Undefined H'FEF6 16 bits
Memory address register 1B MAR1B R/W Undefined H'FEF8 16 bits
1/0 address register 1B I0OAR1B R/W Undefined H'FEFC 16 bits
Transfer count register 1B ETCR1B R/W Undefined H'FEFE 16 bits
0,1 DMA write enable register DMAWER R/W H'00 H'FFO0 8 bits
DMA terminal control register DMATCR R/W H'00 H'FFO1 8 hits
DMA control register 0A DMACROA R/W H'00 H'FF02 16 bits
DMA control register 0B DMACROB R/W H'00 H'FF03 16 bits
DMA control register 1A DMACR1A R/W H'00 H'FF04 16 bits
DMA control register 1B DMACR1B R/W H'00 H'FFO5 16 bits
DMA band control register DMABCR R/W  H'0000 H'FF06 16 bits
Module stop control register MSTPCR R/W  H'3FFF H'FF3C 8 hits

Note: * Lower 16 bits of the address.
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Short address mode transfer can be performed for channels A and B independently.

Short address mode transfer is specified for each channel by clearing the FAE bit in DMABCR to
0, as shown in table 7.4. Short address mode or full address mode can be selected for channels 1
and 0 independently by means of bits FAE1 and FAEQ.

Table 7.4
Channel 0)

FAEO Description

Short Address Mode and Full Address Mode (For 1 Channel: Example of

0 Short address mode specified (ch

annels A and B operate independently)

MAROA

-s«—— Specifies transfer source/transfer destination address

IOAROA

ETCROA

-«—— Specifies transfer destination/transfer source address
-e«— Specifies number of transfers

DMACROA

MAROB
IOAROB
ETCROB

-«— Specifies transfer size, mode, activation source, etc.

-4—— Specifies transfer source/transfer destination address
-4— Specifies transfer destination/transfer source address
-4— Specifies number of transfers

‘Channel 0B ‘ ‘Channel 0A ‘

[DMACROB

-4— Specifies transfer size, mode, activation source, etc.

[En
m
=

| address mode specified (chan

MAROA

MAROB
IOAROA
I0OAROB
ETCROA
ETCROB

DMACROA DMACROB

Channel 0

nels A and B operate in combination)

-«—— Specifies transfer source address
-«—— Specifies transfer destination address
-«—— Not used

-«—— Not used

-4— Specifies number of transfers

-4— Specifies number of transfers (used in block transfer
mode only)

-4— Specifies transfer size, mode, activation source, etc.

RE
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Bit . 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MR == T[]

Initalvalue: 0 O O O O 0 0 O * * * * * * * *
R/W i - - - —- — — — — RMWRMWRMWRMW RW RW RW R/W
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
we | [ [ L L[]
Inltlal Value * * * * * * * * * * * * * * * *
R/W : RIW RW RW RW R/W RW RW RW RW RW RW R/W R/W RW RW R/W
*: Undefined

MAR is a 32-bit readable/writable register that specifies the transfer source address or destination
address.

The upper 8 bits of MAR are reserved: they are always read as 0, and cannot be modified.

Whether MAR functions as the source address register or as the destination address register can be
selected by means of the DTDIR bit in DMACR.

MAR is incremented or decremented each time a byte or word transfer is executed, so that the
address specified by MAR is constantly updated. For details, see section 7.2.4, DMA Control
Register (DMACR).

MAR is not initialized by a reset or in standby mode.
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Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

IOAR : ‘ ‘ ‘ ‘

Initial value: * * % kx  x Kk kx  k Kk Kk ok ok Kk Kk Kk k
R/W : RIW RW R/W R/W R/W RW RW RW RW RW RW R/W RW RW RW RW
*: Undefined

IOAR is a 16-bit readable/writable register that specifies the lower 16 bits of the transfer source
address or destination address. The upper 8 bits of the transfer address are automatically set to
H'FF.

Whether IOAR functions as the source address register or as the destination address register can
be selected by means of the DTDIR bit in DMACR.

IOAR is invalid in single address mode.

IOAR is not incremented or decremented each time a transfer is executed, so the address specified
by IOAR is fixed.

IOAR is not initialized by a reset or in standby mode.

7.2.3 Execute Transfer Count Register (ETCR)

ETCR is a 16-bit readable/writable register that specifies the number of transfers. The setting of
this register is different for sequential mode and idle mode on the one hand, and for repeat mode
on the other.

Sequential Mode and Idle Mode

Transfer Counter (ETCR)

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 0
NN
Initial value :  *  * * x ok x x ok x ok x ok x ok xx
R/W © RIW RW R/W RW RW R/W RW R/W RW R/W RW R/W RW RW R/W RIW
*: Undefined
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reaches H'0000, the DTE bit in DMABCR is cleared, and transfer ends.
Repeat Mode

Transfer Number Storage (ETCRH)

Bit : 15 14 13 12 11 10 9 8

| | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Transfer Counter (ETCRL)

Bit : 7 6 5 4 3 2 1 0
| | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined

In repeat mode, ETCR functions as transfer counter ETCRL (with a count range of 1 to 256) and
transfer number storage register ETCRH. ETCRL is decremented by 1 each time a transfer is
performed, and when the count reaches H'00, ETCRL is loaded with the value in ETCRH. At this
point, MAR is automatically restored to the value it had when the count was started. The DTE bit
in DMABCR is not cleared, and so transfers can be performed repeatedly until the DTE bit is
cleared by the user.

ETCR is not initialized by a reset or in standby mode.
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Bit : 7 6 5 4 3 2 1 0

‘ DTSZ ‘ DTID5 \ RPE \ DTDIR‘ DTF3 \ DTF2 \ DTF1 \ DTFO ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

DMACR is an 8-bit readable/writable register that controls the operation of each DMAC channel.
DMACR is initialized to H'00 by a reset, and in standby mode.

Bit 7—Data Transfer Size (DTSZ): Selects the size of data to be transferred at one time.

Bit 7

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 6—Data Transfer Increment/Decrement (DTID): Selects incrementing or decrementing of
MAR after every data transfer in sequential mode or repeat mode.

In idle mode, MAR is neither incremented nor decremented.

Bit 6
DTID Description
0 MAR is incremented after a data transfer (Initial value)

e When DTSZ =0, MAR is incremented by 1 after a transfer

e When DTSZ = 1, MAR is incremented by 2 after a transfer
1 MAR is decremented after a data transfer

e When DTSZ = 0, MAR is decremented by 1 after a transfer

e When DTSZ =1, MAR is decremented by 2 after a transfer
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Bit 5 DMABCR

RPE DTIE Description

0 0 Transfer in sequential mode (no transfer end interrupt) (Initial value)
1 Transfer in sequential mode (with transfer end interrupt)

1 0 Transfer in repeat mode (no transfer end interrupt)
1 Transfer in idle mode (with transfer end interrupt)

For details of operation in sequential, idle, and repeat mode, see section 7.5.2, Sequential Mode,
section 7.5.3, Idle Mode, and section 7.5.4, Repeat Mode.

Bit 4—Data Transfer Direction (DTDIR): Used in combination with the SAE bit in DMABCR
to specify the data transfer direction (source or destination). The function of this bit is therefore
different in dual address mode and single address mode.

DMABCR Bit4

SAE DTDIR Description

0 0 Transfer with MAR as source address and IOAR as destination
address (Initial value)
Transfer with IOAR as source address and MAR as destination address

1 Transfer with MAR as source address and DACK pin as write strobe

Transfer with DACK pin as read strobe and MAR as destination address
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B.

Channel A
Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 —
1 J—
1 0 0 Activated by SCI channel 0 transmit-data-empty interrupt
1 Activated by SCI channel O receive-data-full interrupt
1 0 Activated by SCI channel 1 transmit-data-empty interrupt
1 Activated by SCI channel 1 receive-data-full interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
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bBit o BIl £ bt 1 Bit v

DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input™
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel 0 transmit-data-empty interrupt
1 Activated by SCI channel 0 receive-data-full interrupt
1 0 Activated by SCI channel 1 transmit-data-empty interrupt
1 Activated by SCI channel 1 receive-data-full interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 J—

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,
see section 7.5.13, DMAC Multi-Channel Operation.
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DMABCRH

Bit .15 14 13 12 11 10 9 8

‘ FAE1 ‘ FAEO \ SAE1 \ SAEO \ DTA1B \ DTA1A \ DTAOB \ DTAOA ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

DMABCRL

Bit : 7 6 5 4 3 2 1 0

‘ DTE1B ‘ DTE1A \ DTEOB \ DTEOA \ DTIE1B \ DTIE1A \ DTIEOB \ DTIEOA ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

DMABCR is a 16-bit readable/writable register that controls the operation of each DMAC
channel.

DMABCR is initialized to H'0000 by a reset, and in hardware standby mode.

Bit 15—Full Address Enable 1 (FAEL): Specifies whether channel 1 is to be used in short
address mode or full address mode.

In short address mode, channels 1A and 1B can be used as independent channels.

Bit 15

FAE1 Description

0 Short address mode (Initial value)
1 Full address mode
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In short address mode, channels OA and 0B can be used as independent channels.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode

Bit 13—Single Address Enable 1 (SAE1): Specifies whether channel 1B is to be used for
transfer in dual address mode or single address mode.

This bit is invalid in full address mode.

Bit 13

SAE1l Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Bit 12—Single Address Enable 0 (SAEOQ): Specifies whether channel OB is to be used for
transfer in dual address mode or single address mode.

This bit is invalid in full address mode.

Bit 12

SAEO Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Bits 11 to 8—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
setting.

When DTE =1 and DTA =1, the internal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA = 1, the internal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.
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or DTC in parallel. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When DTE = 0, the internal interrupt source selected by the data transfer factor setting issues an
interrupt request to the CPU or DTC regardless of the DTA bit setting.

Bit 11—Data Transfer Acknowledge 1B (DTA1B): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1B data transfer
factor setting.

Bit 11
DTA1B Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 10—Data Transfer Acknowledge 1A (DTALA): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1A data transfer
factor setting.

Bit 10
DTA1A Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge 0B (DTAOB): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 0B data transfer
factor setting.

Bit 9
DTAOB Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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factor setting.

Bit 8
DTAOA Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 7 to 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the
activation source selected by the data transfer factor setting is ignored. If the activation source is
an internal interrupt, an interrupt request is issued to the CPU or DTC. If the DTIE bit issetto 1
when DTE = 0, the DMAC regards this as indicating the end of a transfer, and issues a transfer
end interrupt request to the CPU or DTC.

The conditions for the DTE bit being cleared to 0 are as follows:

e When initialization is performed

e When the specified number of transfers have been completed in a transfer mode other than
repeat mode

e When 0 is written to the DTE bit to forcibly abort the transfer, or for a similar reason

When DTE = 1, data transfer is enabled and the DMAC waits for a request by the activation
source selected by the data transfer factor setting. When a request is issued by the activation
source, DMA transfer is executed.

The condition for the DTE bit being set to 1 is as follows:
e When 1 is written to the DTE bit after the DTE bit is read as 0

Bit 7—Data Transfer Enable 1B (DTE1B): Enables or disables data transfer on channel 1B.

Bit 7

DTE1B Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Rev.6.00 Sep. 27, 2007 Page 234 of 1268
REJ09B0220-0600
RENESAS



bit o
DTE1A Description

0 Data transfer disabled (Initial value)

1 Data transfer enabled

Bit 5—Data Transfer Enable OB (DTEOB): Enables or disables data transfer on channel OB.

Bit 5

DTEOB Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable OA (DTEOA): Enables or disables data transfer on channel 0A.

Bit 4

DTEOA Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits 3 to 0—Data Transfer End Interrupt Enable (DTIE): These bits enable or disable an
interrupt to the CPU or DTC when transfer ends. If the DTIE bit is set to 1 when DTE = 0, the
DMAC regards this as indicating the end of a transfer, and issues a transfer end interrupt request to
the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIE bit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE bit to 1.

Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1B
transfer end interrupt.

Bit 3

DTIE1B Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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Bit 2
DTIE1A Description

0 Transfer end interrupt disabled (Initial value)

1 Transfer end interrupt enabled

Bit 1—Data Transfer Interrupt Enable OB (DTIEOB): Enables or disables the channel 0B
transfer end interrupt.

Bit 1

DTIEOB Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable OA (DTIEOA): Enables or disables the channel 0A
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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Full address mode transfer is performed with channels A and B together. For details of full address
mode setting, see table 7.4.

7.3.1 Memory Address Register (MAR)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initialvalue: 0 O O O O O O 0 * * * * % x X %

R/W - - - - — — — — RMWRMWRMWRMW RW RW RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L rrrr PP PRl
Initial value: * > * *x & x &%k &k & x K x
R/W : RIW R/W RW RW RW RW RW RW RW R/W RW RW RW RW RW RW
*: Undefined

MAR is a 32-bit readable/writable register; MARA functions as the transfer source address
register, and MARB as the destination address register.

MAR is composed of two 16-bit registers, MARH and MARL. The upper 8 bits of MARH are
reserved: they are always read as 0, and cannot be modified.

MAR is incremented or decremented each time a byte or word transfer is executed, so that the
source or destination memory address can be updated automatically. For details, see section 7.3.4,
DMA Control Register (DMACR).

MAR is not initialized by a reset or in standby mode.

7.3.2 I/O Address Register (IOAR)

IOAR is not used in full address transfer.
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ETCR is a 16-bit readable/writable register that specifies the number of transfers. The function of
this register is different in normal mode and in block transfer mode.

ETCR is not initialized by a reset or in standby mode.

Normal Mode

ETCRA
Transfer Counter
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initialvalue:‘* *‘*‘* *‘* *‘* *‘* *‘* *‘***‘
R/W : RIW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
*: Undefined

In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by 1 each
time a transfer is performed, and transfer ends when the count reaches H'0000. ETCRB is not used
at this time.

ETCRB

ETCRB is not used in normal mode.
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EITCRA

Block Size Storage (ETCRAH)

Bit : 15 14 13 12 11 10 9 8

| | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Block Size Counter (ETCRAL)

Bit : 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined
ETCRB

Block Transfer Counter

Bit ;15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RN .

Initial value : ~ *  * *x & x &k k& x o xx % k% ok x
RW : RW RW RW RW RMW RW RMW RW RMW RW RMW RW RW RW RW RW
*; Undefined

In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH holds the
block size. ETCRAL is decremented each time a 1-byte or 1-word transfer is performed, and when
the count reaches H'00, ETCRAL is loaded with the value in ETCRAH. So by setting the block
size in ETCRAH and ETCRAL, it is possible to repeatedly transfer blocks consisting of any
desired number of bytes or words.

ETCRB functions in block transfer mode, as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time a block is transferred, and transfer ends when the count reaches
H'0000.
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DMACR is a 16-bit readable/writable register that controls the operation of each DMAC channel.
In full address mode, DMACRA and DMACRB have different functions.

DMACR is initialized to H'0000 by a reset, and in hardware standby mode.

DMACRA
Bit : 15 14 13 12 11 10 9 8
‘ DTSZ ‘ SAID \ SAIDE ‘BLKDIR‘ BLKE \ — \ — \ —
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W RW RW RW R/W R/W R/W
DMACRB
Bit : 7 6 5 4 3 2 1 0
‘ — ‘ DAID ‘DAIDE‘ — \ DTF3 \ DTF2 \ DTF1 \ DTFO ‘
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W RW RW RW R/W R/W R/W
Bit 15—Data Transfer Size (DTSZ): Selects the size of data to be transferred at one time.
Bit 15
DTSz Description
0 Byte-size transfer (Initial value)
1 Word-size transfer
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source address register MARA is to be incremented, decremented, or left unchanged, when data
transfer is performed.

Bit 14 Bit 13

SAID SAIDE Description

0 0 MARA is fixed (Initial value)
1 MARA is incremented after a data transfer

e When DTSZ = 0, MARA is incremented by 1 after a transfer

e When DTSZ = 1, MARA is incremented by 2 after a transfer
1 0 MARA is fixed

MARA is decremented after a data transfer

e When DTSZ = 0, MARA is decremented by 1 after a transfer

e When DTSZ = 1, MARA is decremented by 2 after a transfer

Bit 12—Block Direction (BLKDIR)

Bit 11—Block Enable (BLKE): These bits specify whether normal mode or block transfer mode
is to be used. If block transfer mode is specified, the BLKDIR bit specifies whether the source side
or the destination side is to be the block area.

Bit 12 Bit 11

BLKDIR BLKE Description

0 0 Transfer in normal mode (Initial value)
1 Transfer in block transfer mode, destination side is block area

1 0 Transfer in normal mode
1 Transfer in block transfer mode, source side is block area

For operation in normal mode and block transfer mode, see section 7.5, Operation.

Bits 10 to 7—Reserved: Can be read or written to. Only 0 should be written to these bits.
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whether destination address register MARB is to be incremented, decremented, or left unchanged,
when data transfer is performed.

Bit 6 Bit 5

DAID DAIDE Description

0 0 MARSB is fixed (Initial value)
1 MARB is incremented after a data transfer

e When DTSZ = 0, MARB is incremented by 1 after a transfer
e When DTSZ = 1, MARB is incremented by 2 after a transfer

1 0 MARB is fixed

MARB is decremented after a data transfer
e When DTSZ = 0, MARB is decremented by 1 after a transfer
e When DTSZ = 1, MARB is decremented by 2 after a transfer

Bit 4—Reserved: Can be read or written to. Only 0 should be written to this bit.

Bits 3 to 0—Data Transfer Factor (DTF3 to DTFO0): These bits select the data transfer factor
(activation source). The factors that can be specified differ between normal mode and block
transfer mode.

e Normal Mode

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)

1 J—
1 0 Activated by DREQ pin falling edge input
1 Activated by DREQ pin low-level input
1 0 * —

0 Auto-request (cycle steal)
1 Auto-request (burst)

1 * * * J—

*: Don't care
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bBit o BIl £ bt 1 Bit v

DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input™
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel 0 transmit-data-empty interrupt
1 Activated by SCI channel O receive-data-full interrupt
1 0 Activated by SCI channel 1 transmit-data-empty interrupt
1 Activated by SCI channel 1 receive-data-full interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 J—

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,
see section 7.5.13, DMAC Multi-Channel Operation.
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DMABCRH:

Bit .15 14 13 12 11 10 9 8
‘ FAE1 ‘ FAEO \ — \ — \ DTAL \ — \ DTAO \ — ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW
DMABCRL:
Bit : 7 6 5 4 3 2 1 0
: ‘ DTME1 ‘ DTE1 \ DTMEO \ DTEO \ DTIE1B \ DTIE1A \ DTIEOB \ DTIEOA ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

DMABCR is a 16-bit readable/writable register that controls the operation of each DMAC
channel.

DMABCR is initialized to H'0000 by a reset, and in hardware standby mode.

Bit 15—Full Address Enable 1 (FAEL): Specifies whether channel 1 is to be used in short
address mode or full address mode.

In full address mode, channels 1A and 1B are used together as a single channel.

Bit 15

FAE1 Description

0 Short address mode (Initial value)
1 Full address mode
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In full address mode, channels OA and 0B are used together as a single channel.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode

Bits 13 and 12—Reserved: Can be read or written to. Only 0 should be written to these bits.

Bits 11 and 9—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
setting.

When DTE =1 and DTA =1, the internal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA = 1, the internal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When DTE =1 and DTA = 0, the internal interrupt source selected by the data transfer factor
setting is not cleared when a transfer is performed, and can issue an interrupt request to the CPU
or DTC in parallel. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When DTE = 0, the internal interrupt source selected by the data transfer factor setting issues an
interrupt request to the CPU or DTC regardless of the DTA bit setting.

The state of the DTME bit does not affect the above operations.

Bit 11—Data Transfer Acknowledge 1 (DTAL): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1 data transfer factor
setting.

Bit 11
DTA1 Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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setting.

Bit 9
DTAO Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 10 and 8—Reserved: Can be read or written to. Only 0 should be written to these bits.

Bits 7 and 5—Data Transfer Master Enable (DTME): Together with the DTE bit, these bits
control enabling or disabling of data transfer on the relevant channel. When both the DTME bit
and the DTE bit are set to 1, transfer is enabled for the channel.

If the relevant channel is in the middle of a burst mode transfer when an NMI interrupt is
generated, the DTME bit is cleared, the transfer is interrupted, and bus mastership passes to the
CPU. When the DTME bit is subsequently set to 1 again, the interrupted transfer is resumed. In
block transfer mode, however, the DTME bit is not cleared by an NMI interrupt, and transfer is
not interrupted.

The conditions for the DTME bit being cleared to 0 are as follows:

e When initialization is performed
e When NMI is input in burst mode
e When 0 is written to the DTME bit

The condition for DTME being set to 1 is as follows:
e When 1 is written to DTME after DTME is read as 0

Bit 7—Data Transfer Master Enable 1 (DTME1): Enables or disables data transfer on channel
1.

Bit 7

DTME1 Description

0 Data transfer disabled. In burst mode, cleared to 0 by an NMl interrupt  (Initial value)
1 Data transfer enabled
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Bit 5
DTMEO Description

0 Data transfer disabled. In normal mode, cleared to 0 by an NMl interrupt (Initial value)

1 Data transfer enabled

Bits 6 and 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the
activation source selected by the data transfer factor setting is ignored. If the activation source is
an internal interrupt, an interrupt request is issued to the CPU or DTC. If the DTIE bit issetto 1
when DTE = 0, the DMAC regards this as indicating the end of a transfer, and issues a transfer
end interrupt request to the CPU.

The conditions for the DTE bit being cleared to 0 are as follows:

e When initialization is performed
e When the specified number of transfers have been completed
e When 0 is written to the DTE bit to forcibly abort the transfer, or for a similar reason

When DTE = 1 and DTME = 1, data transfer is enabled and the DMAC waits for a request by the
activation source selected by the data transfer factor setting. When a request is issued by the
activation source, DMA transfer is executed.

The condition for the DTE bit being set to 1 is as follows:
e When 1 is written to the DTE bit after the DTE bit is read as 0

Bit 6—Data Transfer Enable 1 (DTE1): Enables or disables data transfer on channel 1.

Bit 6

DTE1 Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled
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bit 4

DTEO Description
0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits 3 and 1—Data Transfer Interrupt Enable B (DTIEB): These bits enable or disable an
interrupt to the CPU or DTC when transfer is interrupted. If the DTIEB bit is set to 1 when
DTME = 0, the DMAC regards this as indicating a break in the transfer, and issues a transfer
break interrupt request to the CPU or DTC.

A transfer break interrupt can be canceled either by clearing the DTIEB bit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the DTME bit to 1.

Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1
transfer break interrupt.

Bit 3

DTIE1B Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bit 1—Data Transfer Interrupt Enable 0B (DTIEOB): Enables or disables the channel 0
transfer break interrupt.

Bit 1

DTIEOB Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bits 2 and 0—Data Transfer End Interrupt Enable A (DTIEA): These bits enable or disable
an interrupt to the CPU or DTC when transfer ends. If the DTIEA bit is set to 1 when DTE =0,
the DMAC regards this as indicating the end of a transfer, and issues a transfer end interrupt
request to the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIEA bit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE bit to 1.
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Bit 2
DTIE1A Description

0 Transfer end interrupt disabled (Initial value)

1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable OA (DTIEOA): Enables or disables the channel 0
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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7.4.1 DMA Write Enable Register (DMAWER)

The DMAC can activate the DTC with a transfer end interrupt, rewrite the channel on which the
transfer ended using a DTC chain transfer, and reactivate the DTC. DMAWER applies restrictions
so that specific bits of DMACR for the specific channel, and also DMATCR and DMABCR, can
be changed to prevent inadvertent rewriting of registers other than those for the channel
concerned. The restrictions applied by DMAWER are valid for the DTC.

Figure 7.2 shows the transfer areas for activating the DTC with a channel OA transfer end
interrupt, and reactivating channel OA. The address register and count register area is re-set by the
first DTC transfer, then the control register area is re-set by the second DTC chain transfer.

When re-setting the control register area, perform masking by setting bits in DMAWER to prevent
modification of the contents of the other channels.

MAROA

First transfer area

IOAROA

ETCROA

MAROB

I0AROB

ETCROB

MARI1A

DTC

I0OAR1A

ETCR1A

MAR1B

I0AR1B

ETCR1B
DMAWER DMATCR

DMACROA DMACROB

DMACRI1A DMACR1B

Second transfer area

using chain transfer DMABCR

Figure 7.2 Areas for Register Re-Setting by DTC (Example: Channel 0A)
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Initial value : 0 0 0 0 0 0 0 0

R/W

— — — — R/W R/W R/W R/W

DMAWER is an 8-bit readable/writable register that controls enabling or disabling of writes to
DMACR, DMABCR, and DMATCR by the DTC.

DMAWER is initialized to H'00 by a reset, and in hardware standby mode.

Bits 7 to 4—Reserved: Read-only bits, always read as 0.

Bit 3—Werite Enable 1B (WE1B): Enables or disables writes to all bits in DMACR1B, bits 11, 7,
and 3 in DMABCR, and bit 5 in DMATCR, by the DTC.

Bit 3

WE1B Description

0 Writes to all bits in DMACR1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR
are disabled (Initial value)

1 Writes to all bits in DMACR1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR

are enabled

Bit 2—Write Enable 1A (WE1A): Enables or disables writes to all bits in DMACR1A, and bits
10, 6, and 2 in DMABCR, by the DTC.

Bit 2
WE1A Description
0 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are enabled
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Bit 1

WEOB Description
0 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR

are disabled (Initial value)
1 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR

are enabled

Bit 0—Write Enable 0A (WEOA): Enables or disables writes to all bits in DMACROA, and bits
8, 4, and 0 in DMABCR, by the DTC.

Bit 0
WEOA Description
0 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are enabled

Writes by the DTC to bits 15 to 12 (FAE and SAE) in DMABCR are invalid regardless of the
DMAWER settings. These bits should be changed, if necessary, by CPU processing.

In writes by the DTC to bits 7 to 4 (DTE) in DMABCR, 1 can be written without first reading 0.
To reactivate a channel set to full address mode, write 1 to both Write Enable A and Write Enable
B for the channel to be reactivated.

MAR, IOAR, and ETCR are always write-enabled regardless of the DMAWER settings. When
modifying these registers, the channel for which the modification is to be made should be halted.
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Bit : 7 6 5 4 3 2 1 0

- | — |mE e | — | — [ — | —
Initial value : 0 0 0 0 0 0 0 0
R/W : — — R/W R/W — — — —

DMATCR is an 8-hit readable/writable register that controls enabling or disabling of DMAC
transfer end pin output. A port can be set for output automatically, and a transfer end signal
output, by setting the appropriate bit.

DMATCR is initialized to H'00 by a reset, and in hardware standby mode.
Bits 7 and 6—Reserved: Read-only bits, always read as 0.

Bit 5—Transfer End Enable 1 (TEEL): Enables or disables transfer end pin 1 (TEND1) output.

Bit 5

TEE1 Description

0 TEND1 pin output disabled (Initial value)
1 TEND1 pin output enabled

Bit 4—Transfer End Enable 0 (TEEO): Enables or disables transfer end pin 0 (TENDO) output.

Bit 4

TEEO Description

0 TENDO pin output disabled (Initial value)
1 TENDO pin output enabled

The TEND pins are assigned only to channel B in short address mode.

The transfer end signal indicates the transfer cycle in which the transfer counter reached 0,
regardless of the transfer source. An exception is block transfer mode, in which the transfer end
signal indicates the transfer cycle in which the block counter reached 0.

Bits 3 to 0—Reserved: Read-only bits, always read as 0.
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MSTPCRH MSTPCRL

Bit : 15 14 183 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initalvalue: 0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W RW RW RW

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP15 bit in MSTPCR is set to 1, the DMAC operation stops at the end of the bus
cycle and a transition is made to module stop mode. For details, see section 21.5, Module Stop
Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 15—Module Stop (MSTP15): Specifies the DMAC module stop mode.

Bits 15

MSTP15 Description

0 DMAC module stop mode cleared (Initial value)
1 DMAC module stop mode set
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7.5.1

Transfer Modes

Table 7.5 lists the DMAC modes.

Table 7.5

DMAC Transfer Modes

Transfer Mode

Transfer Source

Remarks

Short Dual (1) Sequential e TPUchannel0to5 e Upto 4 channels can
address address mode compare match/input operate independently
mode mode (2) Idle mode capture A interrupt o External request
(3) Repeatmode e SCI transmit-data- applies to channel B
empty interrupt only
e SCl receive-data-full e Single address mode
interrupt applies to channel B
o A/D converter only
conversion end e Modes (1), (2), and (3)
interrupt can also be specified
o External request for single address
mode
(4) Single address mode
Full (5) Normal mode e External request e Max. 2-channel
address e Auto-request operation, combining
mode

(6) Block transfer mode

e TPUchannel0to5
compare match/input
capture A interrupt

e SCI transmit-data-
empty interrupt

e SCI receive-data-full
interrupt

e A/D converter
conversion end
interrupt

External request

channels A and B

With auto-request,
burst mode transfer or
cycle steal transfer
can be selected
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Sequential IVIOGE. In response to a Single transter request, the specitied numoer or transters are
carried out, one byte or one word at a time. An interrupt request can be sent to the CPU or DTC
when the specified number of transfers have been completed. One address is specified as 24 bits,
and the other as 16 bits. The transfer direction is programmable.

Idle Mode: In response to a single transfer request, the specified number of transfers are carried
out, one byte or one word at a time. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. One address is specified as 24 bits, and the
other as 16 bits. The transfer source address and transfer destination address are fixed. The transfer
direction is programmable.

Repeat Mode: In response to a single transfer request, the specified number of transfers are
carried out, one byte or one word at a time. When the specified number of transfers have been
completed, the addresses and transfer counter are restored to their original settings, and operation
is continued. No interrupt request is sent to the CPU or DTC. One address is specified as 24 bits,
and the other as 16 bits. The transfer direction is programmable.

Single Address Mode: In response to a single transfer request, the specified number of transfers
are carried out between external memory and an external device, one byte or one word at a time.
Unlike dual address mode, source and destination accesses are performed in parallel. Therefore,
either the source or the destination is an external device which can be accessed with a strobe alone,
using the DACK pin. One address is specified as 24 bits, and for the other, the pin is set
automatically. The transfer direction is programmable.

Sequential mode, idle mode, and repeat mode can also be specified for single address mode.
Normal Mode

e Auto-request

By means of register settings only, the DMAC is activated, and transfer continues until the

specified number of transfers have been completed. An interrupt request can be sent to the

CPU or DTC when transfer is completed. Both addresses are specified as 24 bits.

— Cycle steal mode
The bus is released to another bus master after each byte or word transfer.

— Burst mode

— The bus is held and transfer continued until the specified number of transfers have been
completed.
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byte or one word at a time. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. Both addresses are specified as 24 bits.

Block Transfer Mode: In response to a single transfer request, a block transfer of the specified
block size is carried out. This is repeated the specified number of times, once each time there is a
transfer request. At the end of each single block transfer, one address is restored to its original
setting. An interrupt request can be sent to the CPU or DTC when the specified nhumber of block
transfers have been completed. Both addresses are specified as 24 bits.

7.5.2 Sequential Mode

Sequential mode can be specified by clearing the RPE bit in DMACR to 0. In sequential mode,
MAR is updated after each byte or word transfer in response to a single transfer request, and this is
executed the number of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 7.6 summarizes register functions in sequential mode.

Table 7.6 Register Functions in Sequential Mode
Function

Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Incremented/
| ' MAR ! address address transfer destination decremented every

' ' register register or transfer source  transfer
23 15 Destination Source Start address of Fixed
| H'FF | I0AR address address transfer source or

register register transfer destination
15 ' Transfer counter Number of transfers Decremented every
| ETCR transfer; transfer
' ends when count
reaches H'0000

Legend:
MAR:  Memory address register

I0AR:

I/0 address register

ETCR: Execute transfer count register
DTDIR: Data transfer direction bit

RENESAS
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IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

Figure 7.3 illustrates operation in sequential mode.

/\/ /\/

Address T — | | IOAR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
\j Address B =L + (-1)DTID. (2DTSZ. (N-1))
Address B Where : L = Value setin MAR

N = Value setin ETCR

/\/

Figure 7.3 Operation in Sequential Mode

The number of transfers is specified as 16 bits in ETCR. ETCR is decremented by 1 each time a
transfer is executed, and when its value reaches H'0000, the DTE bit is cleared and transfer ends.
If the DTIE bit is set to 1 at this time, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.

Rev.6.00 Sep. 27, 2007 Page 258 of 1268
REJ09B0220-0600

RENESAS



compare match/input capture A interrupts. External requests can be set for channel B only.

Figure 7.4 shows an example of the setting procedure for sequential mode.

(Sequential mode settin@

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

( Sequential mode )

(1]

(2]

(3]

(4]

(5]

(6]

(1]

(2]

(3]
(4]

(5]
(6]

Set each bit in DMABCRH.

¢ Clear the FAE bit to 0 to select short address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address and transfer
destination address in MAR and IOAR.

Set the number of transfers in ETCR.

Set each bit in DMACR.

¢ Set the transfer data size with the DTSZ bit.

» Specify whether MAR is to be incremented or
decremented with the DTID bit.

¢ Clear the RPE bit to O to select sequential
mode.

¢ Specify the transfer direction with the DTDIR
bit.

¢ Select the activation source with bits DTF3 to
DTFO.

Read the DTE bit in DMABCRL as 0.

Set each bit in DMABCRL.

« Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

¢ Setthe DTE bit to 1 to enable transfer.

Figure 7.4 Example of Sequential Mode Setting Procedure
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Idle mode can be specified by setting the RPE bit and DTIE bit in DMACR to 1. In idle mode, one
byte or word is transferred in response to a single transfer request, and this is executed the number
of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 7.7 summarizes register functions in idle mode.

Table 7.7 Register Functions in Idle Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Fixed
| . MAR | | address address transfer destination
register register or transfer source
23 15 0 Destination Source Start address of Fixed
| H'FF | I0AR | address address transfer source or
register register transfer destination
15 ' 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend:

MAR: Memory address register
IOAR: 1/O address register

ETCR: Execute transfer count register
DTDIR: Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
neither incremented nor decremented each time a byte or word is transferred.

IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.
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/\/ /\/

MAR — -4+— |OAR
/\/ /\/

1 byte or word transfer performed in
response to 1 transfer request

Figure 7.5 Operation in Idle Mode

The number of transfers is specified as 16 bits in ETCR. ETCR is decremented by 1 each time a
transfer is executed, and when its value reaches H'0000, the DTE bit is cleared and transfer ends.
If the DTIE bit is set to 1 at this time, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission data empty and reception data full interrupts, and TPU channel 0 to 5
compare match/input capture A interrupts. External requests can be set for channel B only.

When the DMAC is used in single address mode, only channel B can be set.
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| . [1] Set each bitin DMABCRH.
Idle mode setting ¢ Clear the FAE bit to O to select short address

mode.
« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set DMABCRH [

[2] Set the transfer source address and transfer
destination address in MAR and IOAR.

[3] Setthe number of transfers in ETCR.
Set transfer source
and transfer destination | [2] ~ [4] Seteach bitin DMACR.
addresses ¢ Set the transfer data size with the DTSZ bit.
« Specify whether MAR is to be incremented or
decremented with the DTID bit.
¢ Set the RPE bit to 1.

Set number of transfers | [3] « Specify the transfer direction with the DTDIR
bit.
¢ Select the activation source with bits DTF3 to
DTFO.
Set DMACR [41  [5] Read the DTE bitin DMABCRL as 0.

[6] Seteach bitin DMABCRL.
¢ Setthe DTIE bit to 1.
* Setthe DTE bit to 1 to enable transfer.

Read DMABCRL [5]

Set DMABCRL [6]

¢
(o)

Figure 7.6 Example of Idle Mode Setting Procedure
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Repeat mode can be specified by setting the RPE bit in DMACR to 1, and clearing the DTIE bit to
0. In repeat mode, MAR is updated after each byte or word transfer in response to a single transfer
request, and this is executed the number of times specified in ETCR. On completion of the
specified number of transfers, MAR and ETCRL are automatically restored to their original
settings and operation continues.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 7.8 summarizes register functions in repeat mode.

Table 7.8 Register Functions in Repeat Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Incremented/
MAR . address address transfer destination decremented every
' register register or transfer source  transfer. Initial
setting is restored
when value reaches
H'0000
23 15 0 Destination Source Start address of Fixed
| H'FF | I0AR | address address transfer source or
register register transfer destination
7 0 Holds number of Number of transfers Fixed
ETCRH | transfers
Transfer counter Number of transfers Decremented every
[ transfer. Loaded with
ETCRL ETCRH value when
count reaches H'00
Legend:

MAR: Memory address register
IOAR: /O address register

ETCR: Execute transfer count register
DTDIR: Data transfer direction bit
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IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

The number of transfers is specified as 8 bits by ETCRH and ETCRL. The maximum number of
transfers, when H'00 is set in both ETCRH and ETCRL, is 256.

In repeat mode, ETCRL functions as the transfer counter, and ETCRH is used to hold the number
of transfers. ETCRL is decremented by 1 each time a transfer is executed, and when its value
reaches H'00, it is loaded with the value in ETCRH. At the same time, the value set in MAR is
restored in accordance with the values of the DTSZ and DTID bits in DMACR. The MAR
restoration operation is as shown below.

MAR = MAR - (-1)°™'P. 2PTS2. ETCRH
The same value should be set in ETCRH and ETCRL.

In repeat mode, operation continues until the DTE bit is cleared. To end the transfer operation,
therefore, the DTE bit should be cleared to 0. A transfer end interrupt request is not sent to the
CPU or DTC.

By setting the DTE bit to 1 again after it has been cleared, the operation can be restarted from the
transfer after that terminated when the DTE bit was cleared.
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/\_/ /\/

Address T —m <r@> -« IOAR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
\j Address B =L + (—1)PTID. (2DTSZ. (N—1))
Where : L = Value setin MAR
N = Value setin ETCR

Address B —m

/\/

Figure 7.7 Operation in Repeat mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission data empty and reception data full interrupts, and TPU channel 0 to 5
compare match/input capture A interrupts. External requests can be set for channel B only.
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< Repeat mode setting)

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number

of transfers

Set DMACR

Read DMABCRL

Set DM

ABCRL

y

< Repeat mode )

(1]

(2]

(3]

(4]

(5]

(6]

[1] Set each bitin DMABCRH.

Clear the FAE bit to 0 to select short address
mode.

Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address and transfer
destination address in MAR and IOAR.

[3] Setthe number of transfers in both ETCRH and
ETCRL.

[4] Set each bitin DMACR.

Set the transfer data size with the DTSZ bit.
Specify whether MAR is to be incremented or
decremented with the DTID bit.

Set the RPE bit to 1.

Specify the transfer direction with the DTDIR
bit.

Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE bitin DMABCRL as 0.

[6] Set each bitin DMABCRL.

Clear the DTIE bit to 0.
Set the DTE bit to 1 to enable transfer.

Figure 7.8 Example of Repeat Mode Setting Procedure
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Single address mode can only be specified for channel B. This mode can be specified by setting
the SAE bit in DMABCR to 1 in short address mode.

One address is specified by MAR, and the other is set automatically to the data transfer
acknowledge pin (DACK). The transfer direction can be specified by the DTDIR bit in DMACR.

Table 7.9 summarizes register functions in single address mode.

Table 7.9  Register Functions in Single Address Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of *
MAR address address transfer destination
' register register or transfer source
DACK pin Write Read (Set automatically ~ Strobe for external
strobe strobe by SAE bit; IOAR is device
invalid)
15 ' 0 Transfer counter Number of transfers *
ETCR

Legend:

MAR: Memory address register
IOAR: /O address register
ETCR: Execute transfer register
DTDIR: Data transfer direction bit
DACK: Data transfer acknowledge

Note: * See the operation descriptions in sections 7.5.2, Sequential Mode, 7.5.3, Idle Mode, and
7.5.4, Repeat Mode.

MAR specifies the start address of the transfer source or transfer destination as 24 bits.

IOAR is invalid; in its place the strobe for external devices (DACK) is output.
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Address T —m

Y

Address B —m»

/\/

| - o

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T =L
Address B =L + (-1)PTID . (2DTSZ. (N-1))
Where : L = Value setin MAR
N = Value set in ETCR

Figure 7.9 Operation in Single Address Mode (When Sequential Mode is Specified)
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Single address
mode setting

Set DMABCRH

Set transfer source and
transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

<Single address mode >

[1]

(2]

(3]

[4]

[5]

[6]

[1] Seteach bitin DMABCRH.

Clear the FAE bit to 0 to select short address
mode.

Set the SAE bit to 1 to select single address
mode.

Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address/transfer
destination address in MAR.

[3] Setthe number of transfers in ETCR.

[4] Set each bitin DMACR.

Set the transfer data size with the DTSZ bit.
Specify whether MAR is to be incremented or
decremented with the DTID bit.

Clear the RPE bit to 0 to select sequential
mode.

Specify the transfer direction with the DTDIR
bit.

Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE bitin DMABCRL as O.

[6] Set each bitin DMABCRL.

Specify enabling or disabling of transfer end
interrupts with the DTIE bit.
Set the DTE bit to 1 to enable transfer.

Figure 7.10 Example of Single Address Mode Setting Procedure
(When Sequential Mode is Specified)
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In normal mode, transfer is performed with channels A and B used in combination. Normal mode
can be specified by setting the FAE bit in DMABCR to 1 and clearing the BLKE bit in DMACRA
to 0.

In normal mode, MAR is updated after each byte or word transfer in response to a single transfer
request, and this is executed the number of times specified in ETCRA. The transfer source is
specified by MARA, and the transfer destination by MARB.

Table 7.10 summarizes register functions in normal mode.

Table 7.10 Register Functions in Normal Mode

Register Function Initial Setting Operation
23 . . 0 Source address  Start address of Incremented/decremented
| ' MARA ! | register transfer source every transfer, or fixed
23 . . 0 Destination Start address of Incremented/decremented
| . MARB | | address register transfer destination every transfer, or fixed

15 (|) Transfer counter Number of transfers Decremented every

transfer; transfer ends
when count reaches
H'0000

| ETCRA

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.

The number of transfers is specified by ETCRA as 16 bits. ETCRA is decremented each time a
transfer is performed, and when its value reaches H'0000 the DTE bit is cleared and transfer ends.
If the DTIE bit is set to 1 at this time, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCRA, is 65,536.
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Address Ta —#= Transfer > —a—— Address Tg

\ Y

Address Ba —m| -—— Address Bg

/—\/ /—\/

Legend:
Address Ta = La
Address Tg = Lp
Address Ba = La + SAIDE - (=1)SAID . (2DTSZ . (N-1))
Address Bg = Lg + DAIDE - (=1)DAID . (2DTSZ . (N-1))
Where : La = Value set in MARA

Lg = Value set in MARB

N =Value setin ETCRA

Figure 7.11 Operation in Normal Mode
Transfer requests (activation sources) are external requests and auto-requests.

With auto-request, the DMAC is only activated by register setting, and the specified number of
transfers are performed automatically. With auto-request, cycle steal mode or burst mode can be
selected. In cycle steal mode, the bus is released to another bus master each time a transfer is
performed. In burst mode, the bus is held continuously until transfer ends.
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FIgure /.14 SNOWSs an example O the Setting procedure 1or normail mode.

] [1] Seteach bitin DMABCRH.
Normal mode setting « Set the FAE bit to 1 to select full address

mode.
« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set DMABCRH [1] [2] Set the transfer source address in MARA, and

the transfer destination address in MARB.

[3] Set the number of transfers in ETCRA.

Set transfer source and
transfer destination 2] [4] Set each bitin DMACRA and DMACRB.

addresses » Set the transfer data size with the DTSZ bit.

» Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and
SAIDE bits.

¢ Clear the BLKE bit to 0 to select normal
mode.

» Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and

Set number of transfers | [3]

DAIDE bits.
4
Set DMACR oy » Select the activation source with bits DTF3 to
DTFO.
[5] Read DTE =0 and DTME =0 in DMABCRL.
Read DMABCRL [5]  [6] Set each bitin DMABCRL.
» Specify enabling or disabling of transfer end
interrupts with the DTIE bit.
e Set both the DTME bit and the DTE bitto 1 to
enable transfer.
Set DMABCRL [6]

Y

< Normal mode )

Figure 7.12 Example of Normal Mode Setting Procedure

Rev.6.00 Sep. 27, 2007 Page 272 of 1268
REJ09B0220-0600

RENESAS




In block transfer mode, transfer is performed with channels A and B used in combination. Block
transfer mode can be specified by setting the FAE bit in DMABCR and the BLKE bit in
DMACRAto 1.

In block transfer mode, a transfer of the specified block size is carried out in response to a single
transfer request, and this is executed the specified number of times. The transfer source is
specified by MARA, and the transfer destination by MARB. Either the transfer source or the
transfer destination can be selected as a block area (an area composed of a number of bytes or
words).

Table 7.11 summarizes register functions in block transfer mode.

Table 7.11 Register Functions in Block Transfer Mode

Register Function Initial Setting Operation
23 . . 0 Source address  Start address of Incremented/decremented
| . MARA | | register transfer source every transfer, or fixed
23 . . 0 Destination Start address of Incremented/decremented
| ' MARB ! | address register transfer destination every transfer, or fixed

7 0 Holds block Block size Fixed

ETCRAH| Size

Block size Block size Decremented every
7 Y 0 counter transfer; ETCRH value
ETCRAL copied when count reaches
H'00
15 0 Block transfer Number of block Decremented every block
| ET(::RB | counter transfers transfer; transfer ends
when count reaches
H'0000

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A
ETCRB: Execute transfer count register B
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word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.

Whether a block is to be designated for MARA or for MARB is specified by the BLKDIR bit in
DMACRA.

To specify the number of transfers, if M is the size of one block (where M =1 to 256) and N
transfers are to be performed (where N =1 to 65,536), M is set in both ETCRAH and ETCRAL,
and N in ETCRB.

Figure 7.13 illustrates operation in block transfer mode when MARB is designated as a block area.
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Address Ty —m=|

1st block

Consecutive transfer
of M bytes or words
is performed in
response to one
request

2nd block

Nth block

Y

Address By —#=

/\/

Legend:
Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE - (=1)SAID . (2DTSZ . (M:N-1))
Address Bg = Lg + DAIDE - (—1)PAID . (2DTSZ . (N-1))
Where : La = Value setin MARA

Lg = Value set in MARB

N =Value setin ETCRB

M = Value setin ETCRAH and ETCRAL

Block area

L

~a— Address Ty

-a— Address Bg

Figure 7.13 Operation in Block Transfer Mode (BLKDIR = 0)

Figure 7.14 illustrates operation in block transfer mode when MARA is designated as a block area.
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Address Ta —m

i Block area

Address B —m

Legend:

Address Ta = La
Address Tg = Lp
Address Ba = La

/\/

+ SAIDE - (—1)SAID

Consecutive transfer
of M bytes or words
is performed in
response to one
request

- (2DTSZ . (N-1))

Address Bg = Lg + DAIDE - (—1)DAID . (2DTSZ . (M-N—1))

Where :

La = Value setin MARA

Lg = Value setin MARB

N
M

= Value setin ETCRB
= Value set in ETCRAH and ETCRAL

1st block

2nd block

Nth block

/\/

-a— Address Tg

Y

-a— Address Bg

Figure 7.14 Operation in Block Transfer Mode (BLKDIR = 1)

ETCRAL is decremented by 1 each time a byte or word transfer is performed. In response to a
single transfer request, burst transfer is performed until the value in ETCRAL reaches H'00.
ETCRAL is then loaded with the value in ETCRAH. At this time, the value in the MAR register
for which a block designation has been given by the BLKDIR bit in DMACRA is restored in
accordance with the DTSZ, SAID/DAID, and SAIDE/DAIDE bits in DMACR.
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sent to the CPU or DTC.

Figure 7.15 shows the operation flow in block transfer mode.

Start
(DTE = DTME = 1)

g
-

No |

Transfer request?

Acquire bus
|-
| Read address sp(;cified by MARA |
\
| MARA = MARA + SAIDE - (-1)SAID . 2DTSZ |
| Write to address sptecified by MARB |
| MARB = MARB + DAI‘DE - (-1)PAID . 2DTSZ |
\

ETCRAL =ETCRAL -1

ETCRAL = H00 No

| Release bus |

\
|  ETCRAL=ETCRAH |

BLKDIR = 0 No
Yes
| MARB = MARB — DAIDE - (~1)PA . 20TSZ. ETCRAH |
|

| MARA = MARA — SAIDE - (-1)SAI> . 20TSZ. ETCRAH |
»|

ETCRB =ETCRB -1

No

ETCRB = H'0000

Clear DTE bitto O
to end transfer

Figure 7.15 Operation Flow in Block Transfer Mode
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compare match/input capture A interrupts.

For details, see section 7.3.4, DMA Control Register (DMACR).

Figure 7.16 shows an example of the setting procedure for block transfer mode.

ransfer

Block t
mode setting

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number

of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

!

/

< Block tran

sfer mode >

(1

[2]

(3]

(4]

(5]

(6]

[1] Set each bitin DMABCRH.

Set the FAE bit to 1 to select full address
mode.

Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address in MARA, and
the transfer destination address in MARB.

[3] Set the block size in both ETCRAH and
ETCRAL. Set the number of transfers in
ETCRB.

[4] Set each bitin DMACRA and DMACRB.

Set the transfer data size with the DTSZ bit.
Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and
SAIDE bits.

Set the BLKE bit to 1 to select block transfer
mode.

Specify whether the transfer source or the
transfer destination is a block area with the
BLKDIR bhit.

Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

Select the activation source with bits DTF3 to
DTFO.

[5] Read DTE =0 and DTME =0 in DMABCRL.

[6] Seteach bitin DMABCRL.

Specify enabling or disabling of transfer end
interrupts to the CPU with the DTIE bit.

Set both the DTME bit and the DTE bit to 1 to
enable transfer.

Figure 7.16 Example of Block Transfer Mode Setting Procedure
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DMAC activation sources consist of internal interrupts, external requests, and auto-requests. The
activation sources that can be specified depend on the transfer mode and the channel, as shown in
table 7.12.

Table 7.12 DMAC Activation Sources

Short Address Mode Full Address Mode

Block
Channels Channels Normal Transfer
Activation Source OA and 1A 0B and 1B Mode Mode

Internal ADI
Interrupts TXI0

O
O
X
O

RXI0
TXI1
RXI1
TGIOA
TGI1A
TGI2A
TGI3A
TGI4A
TGI5A

External DREQ pin falling edge input
Requests

DREQ pin low-level input

XX XIO0|0|0]|0O|O0|O0]O0]O]0O]0
X100 0|0|0]|0|O0|O0]0]O0]0]0
Ololo] x| x| x|x|x|x|x|x|x|x
X100 0|0|0]|0|O0|O0]O0]O]0]0

Auto-request

Legend:
O : Can be specified
X : Cannot be specified

Activation by Internal Interrupt: An interrupt request selected as a DMAC activation source
can be sent simultaneously to the CPU and DTC. For details, see section 5, Interrupt Controller.

With activation by an internal interrupt, the DMAC accepts the request independently of the
interrupt controller. Consequently, interrupt controller priority settings are irrelevant.

If the DMAC is activated by a CPU interrupt source or an interrupt source that is not used as a
DTC activation source (DTA = 1), the interrupt source flag is cleared automatically by the DMA
transfer. With ADI, TXI, and RXI interrupts, however, the interrupt source flag is not cleared
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priority channel is activated first. Transfer requests for other channels are held pending in the
DMAC, and activation is carried out in order of priority.

When DTE = 0, such as after completion of a transfer, a request from the selected activation
source is not sent to the DMAC, regardless of the DTA bit. In this case, the relevant interrupt
request is sent to the CPU or DTC.

In case of overlap with a CPU interrupt source or DTC activation source (DTA = 0), the interrupt
request flag is not cleared by the DMAC.

Activation by External Request: If an external request (DREQ pin) is specified as an activation
source, the relevant port should be set to input mode in advance.

Level sensing or edge sensing can be used for external requests.

External request operation in normal mode (short address mode or full address mode) is described
below.

When edge sensing is selected, a 1-byte or 1-word transfer is executed each time a high-to-low
transition is detected on the DREQ pin. The next transfer may not be performed if the next edge is
input before transfer is completed.

When level sensing is selected, the DMAC stands by for a transfer request while the DREQ pin is
held high. While the DREQ pin is held low, transfers continue in succession, with the bus being
released each time a byte or word is transferred. If the DREQ pin goes high in the middle of a
transfer, the transfer is interrupted and the DMAC stands by for a transfer request.

Activation by Auto-Request: Auto-request activation is performed by register setting only, and
transfer continues to the end.

With auto-request activation, cycle steal mode or burst mode can be selected.

In cycle steal mode, the DMAC releases the bus to another bus master each time a byte or word is
transferred. DMA and CPU cycles usually alternate.

In burst mode, the DMAC keeps possession of the bus until the end of the transfer, and transfer is
performed continuously.

Single Address Mode: The DMAC can operate in dual address mode in which read cycles and
write cycles are separate cycles, or single address mode in which read and write cycles are
executed in parallel.
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In single address mode, on the other hand, transfer is performed between external space in which
either the transfer source or the transfer destination is specified by an address, and an external
device for which selection is performed by means of the DACK strobe, without regard to the
address. Figure 7.16 shows the data bus in single address mode.

RD >
HWR, LWR >
External
Az to A Address bus memory
_______(Read)
Chip | [
| (Write)
(2]}
[ =)
=
Dys5 10 D |3
(high impedance) e
,,,,,,,,,,,, r Exte_rnal
device
DACK -

Figure 7.17 Data Bus in Single Address Mode

When using the DMAC for single address mode reading, transfer is performed from external
memory to the external device, and the DACK pin functions as a write strobe for the external
device. When using the DMAC for single address mode writing, transfer is performed from the
external device to external memory, and the DACK pin functions as a read strobe for the external
device. Since there is no directional control for the external device, one or other of the above
single directions should be used.

Bus cycles in single address mode are in accordance with the settings of the bus controller for the
external memory area. On the external device side, DACK is output in synchronization with the
address strobe. For details of bus cycles, see section 7.5.11, DMAC Bus Cycles (Single Address
Mode).

Do not specify internal space for transfer addresses in single address mode.
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An example of the basic DMAC bus cycle timing is shown in figure 7.18. In this example, word-
size transfer is performed from 16-bit , 2-state access space to 8-bit, 3-state access space. When
the bus is transferred from the CPU to the DMAC, a source address read and destination address
write are performed. The bus is not released in response to another bus request, etc., between these
read and write operations. As with CPU cycles, DMA cycles conform to the bus controller
settings.

CPU cycle DMAC cycle (1-word transfer) | CPU cycle

Ty T Ty T T3 T T2 T3

Destination address |

X X

HWR

LWR

Figure 7.18 Example of DMA Transfer Bus Timing

The address is not output to the external address bus in an access to on-chip memory or an internal
1/O register.
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Short Address Mode: Figure 7.19 shows a transfer example in which TEND output is enabled
and byte-size short address mode transfer (sequential/idle/repeat mode) is performed from external
8-bit, 2-state access space to internal 1/O space.

DMA DMA DMA DMA DMA DMA DMA
read | write dead!

HWR | | | | | | | |
| | D) | ) | i
LWR | | SO | 1« | |
1 3 D 3 B ! 1
TEND | | S | K | M
Bus release Bus release Bus release Last transfer Bus

cycle release

Figure 7.19 Example of Short Address Mode Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
bus is released. While the bus is released one or more bus cycles are executed by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.

In repeat mode, when TEND output is enabled, TEND output goes low in the transfer cycle in
which the transfer counter reaches 0.
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external 16-bit, 2-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
write  |dead|

TEND

Bus release Bus release Bus release Last transfer Bus
cycle release

Figure 7.20 Example of Full Address Mode (Cycle Steal) Transfer

A one-byte or one-word transfer is performed, and after the transfer the bus is released. While the
bus is released one bus cycle is executed by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.
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bit, 2-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
write read write read write dead:

Address bus | [ | | ) )

-

JBN S F e N
1 L
R ]| L Hemm
w————— |
BuS release. | 3 Last transfer cycle iBUS elease

Burst transfer

Figure 7.21 Example of Full Address Mode (Burst Mode) Transfer
In burst mode, one-byte or one-word transfers are executed consecutively until transfer ends.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.

If a request from another higher-priority channel is generated after burst transfer starts, that
channel has to wait until the burst transfer ends.

If an NMI is generated while a channel designated for burst transfer is in the transfer enabled state,
the DTME bit is cleared and the channel is placed in the transfer disabled state. If burst transfer
has already been activated inside the DMAC, the bus is released on completion of a one-byte or
one-word transfer within the burst transfer, and burst transfer is suspended. If the last transfer
cycle of the burst transfer has already been activated inside the DMAC, execution continues to the
end of the transfer even if the DTME bit is cleared.
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performed from internal 16-bit, 1-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA DMA DMA DMA
‘read]| write read] write dead| 'read| write |read, write |dead,

. | | | ‘)2 | | | i
Address bus D D

RD | | | | | | | | | | | |

; ; ; ; ; ‘()() ; ; ; ; ; !

HWR | | | | | | | | | | | |

i i I—, i i I—, i i i i I—, i i I—, i |

| | | | | N | | | | |

LWR | | | | | K | | | | i

i i I—, i i I—, i i i i I—, i i I—, i |

| | | 3 | l)) | | | 3 | |

TEND b | A ! |
Bus release | Block transfer Bus release Last block transfer ' Bus

release

Figure 7.22 Example of Full Address Mode (Block Transfer Mode) Transfer

A one-block transfer is performed for one transfer request, and after the transfer the bus is
released. While the bus is released, one or more bus cycles are executed by the CPU or DTC.

In the transfer end cycle of each block (the cycle in which the transfer counter reaches 0), a one-
state DMA dead cycle is inserted after the DMA write cycle.

One block is transmitted without interruption. NMI generation does not affect block transfer
operation.
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Figure 7.23 shows an example of DREQ pin falling edge activated normal mode transfer.

DMA
read

DMA
write

DMA
write

Bus
release

Bus

Bus release . release

| | L 1 L 1 1 1
Y T 1 T (O] [ | [ (G [ [
bREQ  \ | [ IV S | [
{;\Sg ress | X j:x Transfer source XTrans er destmanonx b ;:x Transfer source XTransfer destmanonx
DMA 3 3 ! 3 3 2 3 ; 3 3
control Idle 3 3 X:Read Write ! X ldle 2 ! X:t?eadx Write ! X Idle
Channel , Request‘ X 3 Request clear period ‘/Request‘ 3 Request clear period 3
i o | g o i i
! Minimum I I M|n|mum I I I
1 of2 cycles l | . of 2cycles | | |
(1] 2 6 4] B [6] [71

Acceptance resumes

Acceptance resumes

Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of ¢,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of ¢ starts.

[4] [7] When the DREQ pin high level has been sampled, acceptance is resumed after the write cycle
is completed.

(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

(1]

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.23 Example of DREQ Pin Falling Edge Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA write cycle ends, acceptance
resumes after the end of the write cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.
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1 block transfer 1 block transfer

' DMA DMA  DMA ! Bus ! DMA DMA  DMA ' Bus
Bus release ! read : write ;dead 1re|ease: read ! write ;dead ! release

Qgg ress | { (;_KTransfersource X Transfer destination i:XTransfer source‘) W\ Transfer destination X

| | i A i i Nl i |

| | | ! | | " | | |
DMA ‘ ‘ Lg( - :( ‘ ‘ ‘ X—? :::X ‘
control Idle ! X:jRead Write ! Dead | X Idle X:Read Write ! Dead | X ' Idle

| | | (G | | | « | |
Channel VRequestlg Request clear p}:efiod J/Request& ] 3 Request ?Iéar period 3 J

I . 4‘ ( I U I V\ . -‘ I « I I V\

+ Minimum I . Minimum I I I

. of 2 cycles | | . of2cycles | | | |

0 i | | > | | |

[1] 2 @l 41 [B1 (6] (7]

Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of ¢,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3]1[6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of ¢ starts.

[4] [7]1 When the DREQ pin high level has been sampled, acceptance is resumed after the dead cycle
is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.24 Example of DREQ Pin Falling Edge Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA dead cycle ends, acceptance
resumes after the end of the dead cycle, DREQ pin low level sampling is performed again, and this
operation is repeated until the transfer ends.
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Figure 7.25 shows an example of DREQ level activated normal mode transfer.

Bus DMA DMA Bus DMA DMA Bus
release ; read ; write release read ! write . release

SN I . S O I A
_ L i | / — i i
R L N U AT —
Address : : : : - : : : : nati :
bus i } Transfer source XTransfer destination; b Transfer source XTransfer destmatlonx
DMA S i e 3 i
control Idle ! ! X:Read Write ! X Idle ! ) X:Read X Write ! X Idle !

| | /4 | | | o | | |
Channel :/Request:\‘ N iRequest clear beriod ;/ Reque(;( ) 3 Request clear‘ period 3

. Minimum | . Minimum | | |

. of 2cycles | | . of 2 cycles | | |

(1 [2 (3] [4] [5] [6] (7
Acceptance resumes Acceptance resumes
[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of ¢,
and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3][6] The DMA cycle is started.
[4] [7] Acceptance is resumed after the write cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.25 Example of DREQ Level Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared. After the end of the write cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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1 block transfer 1 block transfer

| DMA DMA DMA | Bus ! DMA DMA DMA | Bus
Bus release | read . write  dead \release\ read write .dead | release

DREQ |

Address
bus

(E)o'\::ﬁol Idle Lo eadK Wnte‘ X Dead‘ Idle X:Read erte X Dead | X
Channel /Requesﬂ; Request clear period /Request,
: 1 ‘

Request clear period

(

3 Minimum 3 3 3 Minimum 3 3
1 of 2 cycles ! i _of2cycles !
[EN (3] 4 8] (6] [f]
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of ¢,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3] [6] The DMA cycle is started.

[4] [7] Acceptance is resumed after the dead cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.26 Example of DREQ Level Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared. After the end of the dead cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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Single Address Mode (Read): Figure 7.27 shows a transfer example in which TEND output is
enabled and byte-size single address mode transfer (read) is performed from external 8-bit, 2-state
access space to an external device.

DMA
'DMA read; 'DMA read; DMA read | 'DMA read |dead;

Address bus X

R i B e B L B o

| |
| | | | | |
TEND | | | | | |
| | | | | | |
— —— — | : ‘
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure 7.27 Example of Single Address Mode (Byte Read) Transfer
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device.

Address bus X X )§§:>< \ >§§:><
w i "
o 1 [ P

| i | i |
l l l ) ‘
TEND : A 1 ‘2_‘ h_
i i i i i i
— - i l l
I I I I I I
Bus Bus Bus Last transfer Bus
release release release cycle release

Figure 7.28 Example of Single Address Mode (Word Read) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
bus is released. While the bus is released, one or more bus cycles are executed by the CPU or
DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.
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external 8-bit, 2-state access space.

DMA
'DMA write! 'DMA write! 'DMA write! 'DMA writedead!

Address bus X >§i:>< >§§:>< >§i:><

i N s N L N

| iy Ly Ly |
TEND | A SO 0
| | | | | | |
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure 7.29 Example of Single Address Mode (Byte Write) Transfer
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space.

DMA
DMA write dead|

Bus Bus Bus Last transfer Bus
release release release cycle release

Figure 7.30 Example of Single Address Mode (Word Write) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
bus is released. While the bus is released one or more bus cycles are executed by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.
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Figure 7.31 shows an example of DREQ pin falling edge activated single address mode transfer.

Busrelease . DMAsingle . Busrelease . DMAsingle | Bus release

Transfer source/ Transfer source/ !
Address bus X § §X ﬁ;X teatnason
¥

DACK !
4
ESmgIeX Idle

|
i i i
) ' Request clear ! A 1 Request clear
Request; i period 1/Request )i period
‘ i | G
i i

DMA control Idle

Channel
Minimum of | Minimum of
2 cygles ! 2 cygles
R e— ] B p—
(1 [2 (3] [4] [5] (6]
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of ¢,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of ¢ starts.

[4] [7] When the DREQ pin high level has been sampled, acceptance is resumed after the single
cycle is completed. (As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and
the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.31 Example of DREQ Pin Falling Edge Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is
possible, the request is held in the DMAC. Then, when activation is initiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA single cycle ends, acceptance
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DREQ Pin Low Level Activation Timing: Set the DTA bit for the channel for which the DREQ
pin is selected to 1.

Figure 7.32 shows an example of DREQ pin low level activated single address mode transfer.

Bus
Bus release DMA single Bus release DMA single release

Transfer source/ Transfer source/ |

DACK ; ; ; ;

| | 1 DR | |

DMA control | )SlngleX Idle | (;) | ;Singlex Idle |
| | RS |

| | Request clear | ) | Request clear |

Channel ! i period \/Request, )i period |
| : | | T O |

I Minimum of I I Minimum of I I

' 2 cycles ' ' 2 cycles ' '

|- |- |

(1] (2] [3] (4] [5] (6] (71
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of ¢,
and the request is held.

[2]1 [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3] [6] The DMAC cycle is started.

[41[7] Acceptance is resumed after the single cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7.32 Example of DREQ Pin Low Level Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.
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request is cleared. After the end of the single cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.

7.5.12  Write Data Buffer Function

DMAC internal-to-external dual address transfers and single address transfers can be executed at
high speed using the write data buffer function, enabling system throughput to be improved.

When the WDBE bit of BCRL in the bus controller is set to 1, enabling the write data buffer
function, dual address transfer external write cycles or single address transfers and internal
accesses (on-chip memory or internal 1/O registers) are executed in parallel. Internal accesses are
independent of the bus master, and DMAC dead cycles are regarded as internal accesses.

A low level can always be output from the TEND pin if the bus cycle in which a low level is to be
output is an external bus cycle. However, a low level is not output from the TEND pin if the bus
cycle in which a low level is to be output from the TEND pin is an internal bus cycle, and an
external write cycle is executed in parallel with this cycle.

Figure 7.33 shows an example of burst mode transfer from on-chip RAM to external memory
using the write data buffer function.

DMA DMA DMA DMA DMA DMA DMA DMA DMA
read write read write read write read write dead

Internal address < >< >< >< >< >< ><
Internal read signal | | | |
External address >< >< ><

FIWR, CWA ]

A
—
A

TEND

C

Figure 7.33 Example of Dual Address Transfer Using Write Data Buffer Function
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DMA DMA CPU DMA CPU
read single read single read

Uy
Internal address < >< >< >< >< >< >< >< >< >

Internal read signal | |

External address >< ><

RD

DACK

Figure 7.34 Example of Single Address Transfer Using Write Data Buffer Function

When the write data buffer function is activated, the DMAC recognizes that the bus cycle
concerned has ended, and starts the next operation. Therefore, DREQ pin sampling is started one
state after the start of the DMA write cycle or single address transfer.

7.5.13 DMAC Multi-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1, and channel A > channel B. Table
7.13 summarizes the priority order for DMAC channels.

Table 7.13 DMAC Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 I
Channel 1B Low
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highest-priority channel from among those issuing a request according to the priority order shown

in table 7.13.

During burst transfer, or when one block is being transferred in block transfer, the channel will not

be changed until the end of the transfer.

Figure 7.35 shows a transfer example in which transfer requests are issued simultaneously for

channels OA, 0B, and 1.

DMA read DMA write

DMA
DMAread DMA write DMAread DMA write read
! ! ‘ | -

|

Address bus X

—

A

—

HWR | | | | | | |

WR | | — | —t |

. 1 Loy 1 Loy 1

DMA control IcEXReadX Write | X Idle Xlé‘ie‘adx Write | X Idle | X%e‘adx Write | X Read X:
| | | ) | L | |
Channel 0A ((Requ‘est clear 1 1/‘ “3 : : f“ : ! :
| / 7 | L | |
Channel 0B | Request | Selection \Requestclear | / 1/ N | |
' hold i 1 (s ’ I/ (e I |
| | | ) | | | | |
" Request { _Non- — T T Request | gglection \Requestclear | |
Channel 1 ' hold | selection : ' hold 1 :\ (1) : ! !
Bus Channel 0A ' Bus ' Channel 0B " Bus ' Channel 1 transfer
release transfer release transfer release

Figure 7.35 Example of Multi-Channel Transfer
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vice

There can be no break between a DMA cycle read and a DMA cycle write. This means that a
refresh cycle, external bus release cycle, or DTC cycle is not generated between the external read
and external write in a DMA cycle.

In the case of successive read and write cycles, such as in burst transfer or block transfer, a refresh
or external bus released state may be inserted after a write cycle. Since the DTC has a lower
priority than the DMAC, the DTC does not operate until the DMAC releases the bus.

When DMA cycle reads or writes are accesses to on-chip memory or internal 1/0 registers, these
DMA cycles can be executed at the same time as refresh cycles or external bus release. However,
simultaneous operation may not be possible when a write buffer is used.
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When an NMI interrupt is requested, burst mode transfer in full address mode is interrupted. An
NMI interrupt does not affect the operation of the DMAC in other modes.

In full address mode, transfer is enabled for a channel when both the DTE bit and the DTME bit
are set to 1. With burst mode setting, the DTME bit is cleared when an NMI interrupt is requested.

If the DTME bit is cleared during burst mode transfer, the DMAC discontinues transfer on
completion of the 1-byte or 1-word transfer in progress, then releases the bus, which passes to the
CPU.

The channel on which transfer was interrupted can be restarted by setting the DTME bit to 1 again.
Figure 7.36 shows the procedure for continuing transfer when it has been interrupted by an NMI
interrupt on a channel designated for burst mode transfer.

Resumption of [1] Checkthat DTE =1 and
transfer on interrupted DTME =0 in DMABCRL.

channel

[2] Write 1 to the DTME bit.

Set DTME bitto 1 [2]

< Transfer continues> < Transfer ends >

Figure 7.36 Example of Procedure for Continuing Transfer on Channel Interrupted by
NMI Interrupt
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If the DTE bit for the channel currently operating is cleared to 0, the DMAC stops on completion
of the 1-byte or 1-word transfer in progress. DMAC operation resumes when the DTE bit is set to

1 again.
In full address mode, the same applies to the DTME bit.

Figure 7.37 shows the procedure for forcibly terminating DMAC operation by software.

. [1] Clear the DTE bit in DMABCRL to 0.
Forced termination . .
of DMAC To prevent interrupt generation after forced
termination of DMAC operation, clear the DTIE bit
to 0 at the same time.
Clear DTE bitto 0 [1]

C Forced termination >

Figure 7.37 Example of Procedure for Forcibly Terminating DMAC Operation
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Figure 7.38 shows the procedure for releasing and initializing a channel designated for full address
mode. After full address mode has been cleared, the channel can be set to another transfer mode
using the appropriate setting procedure.

Clearing full [1] Clear both the DTE bit and the DTME bit in
address mode DMABCRL to 0; or wait until the transfer ends
and the DTE bit is cleared to O, then clear the
DTME bit to 0.
Also clear the corresponding DTIE bit to O at the
Stop the channel [1] same time.
[2] Clear all bits in DMACRA and DMACRB to 0.
[3] Clear the FAE bit in DMABCRH to 0.
Initialize DMACR [2]
Clear FAE bitto 0 [3]

A

Initialization;
operation halted

Figure 7.38 Example of Procedure for Clearing Full Address Mode
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The sources of interrupts generated by the DMAC are transfer end and transfer break. Table 7.14
shows the interrupt sources and their priority order.

Table 7.14 Interrupt Source Priority Order

Interrupt Source

Interrupt Interrupt
Name Short Address Mode Full Address Mode Priority Order
DENDOA Interrupt due to end of Interrupt due to end of High

transfer on channel OA transfer on channel 0 4
DENDOB Interrupt due to end of Interrupt due to break in

transfer on channel 0B transfer on channel 0
DEND1A Interrupt due to end of Interrupt due to end of

transfer on channel 1A transfer on channel 1
DEND1B Interrupt due to end of Interrupt due to break in

transfer on channel 1B

transfer on channel 1

Low

Enabling or disabling of each interrupt source is set by means of the DTIE bit for the
corresponding channel in DMABCR, and interrupts from each source are sent to the interrupt
controller independently.

The relative priority of transfer end interrupts on each channel is decided by the interrupt
controller, as shown in table 7.14.

Figure 7.39 shows a block diagram of a transfer end/transfer break interrupt. An interrupt is
always generated when the DTIE bit is set to 1 while the DTE bit is cleared to 0.

DTE/
DTME
Transfer end/transfer
break interrupt
DTIE

Figure 7.39 Block Diagram of Transfer End/Transfer Break Interrupt

In full address mode, a transfer break interrupt is generated when the DTME bit is cleared to 0
while the DTIEB bit is set to 1.

In both short address mode and full address mode, DMABCR should be set so as to prevent the
occurrence of a combination that constitutes a condition for interrupt generation during setting.
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DMAC Register Access during Operation: Except for forced termination, the operating
(including transfer waiting state) channel setting should not be changed. The operating channel
setting should only be changed when transfer is disabled.

Also, MAC registers should not be written to in a DMA transfer.
DMAC register reads during operation (including the transfer waiting state) are described below.

(a) DMAC control starts one cycle before the bus cycle, with output of the internal address.
Consequently, MAR is updated in the bus cycle before DMAC transfer.

Figure 7.40 shows an example of the update timing for DMAC registers in dual address
transfer mode.

: DMA transfer cycle : : DMA last transfer cycle :
: : . DMA |
. : . . i dead :
: oo DVATEd . DMAwrite - _ . DMAread g DMAWIE . :
¢ I_\J_\_J_\J_\_J_\J_\J_\I\_HJ_\_J_\I\_J_\J_\_J_\IU_\_
DMA Internal : Transfer X Transfer X R : ‘Transfer. X . Transfer . : X
address . Source destlnalldn . N . . source - . destination . .
. X . N 1 . . . N . N N
DMA control Idle X . Read ! X . Write | X Idle ! ". X ' Read: X . Write! X . Dead . X . ldle

DMA register ] ) : : : l \ {121 ) / A
operationI @ : : \ & 7 \ 21 ! A\ 13 !

[1] Transfer source address register MAR operation (incremented/decremented/fixed)
Transfer counter ETCR operation (decremented)
Block size counter ETCR operation (decremented in block transfer mode)

[2] Transfer destination address register MAR operation (incremented/decremented/fixed)

[2'1 Transfer destination address register MAR operation (incremented/decremented/fixed)
Block transfer counter ETCR operation (decremented, in last transfer cycle of a block
in block transfer mode)

[3] Transfer address register MAR restore operation (in block or repeat transfer mode)
Transfer counter ETCR restore (in repeat transfer mode)
Block size counter ETCR restore (in block transfer mode)

Notes: 1. In single address transfer mode, the update timing is the same as [1].
2. The MAR operation is post-incrementing/decrementing of the DMA internal address value.

Figure 7.40 DMAC Register Update Timing
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CPU longword read o DMA transfer cycle

MAR upper MAR lower .
:‘ word read o word read ‘: DMA read . DMA write

L T O
DMA internal ' X : X . Transfe! . Transfer .
address . . . source. destinatian .

DMA control L ldle . X " Read X | Write | X Coidle

DMA register
operation

:'_‘[1]. . 2'

Note: The lower word of MAR is the updated value after the operation in [1].

Figure 7.41 Contention between DMAC Register Update and CPU Read

Module Stop: When the MSTP15 bit in MSTPCR is set to 1, the DMAC clock stops, and the
module stop state is entered. However, 1 cannot be written to the MSTP15 bit if any of the DMAC
channels is enabled. This setting should therefore be made when DMAC operation is stopped.

When the DMAC clock stops, DMAC register accesses can no longer be made. Since the
following DMAC register settings are valid even in the module stop state, they should be
invalidated, if necessary, before a module stop.

o Transfer end/break interrupt (DTE =0 and DTIE = 1)
e TEND pin enable (TEE =1)
e DACK pinenable (FAE =0 and SAE = 1)

Medium-Speed Mode: When the DTA bit is 0, internal interrupt signals specified as DMAC
transfer sources are edge-detected.

In medium-speed mode, the DMAC operates on a medium-speed clock, while on-chip supporting
modules operate on a high-speed clock. Consequently, if the period in which the relevant interrupt
source is cleared by the CPU, DTC, or another DMAC channel, and the next interrupt is
generated, is less than one state with respect to the DMAC clock (bus master clock), edge
detection may not be possible and the interrupt may be ignored.

Also, in medium-speed mode, DREQ pin sampling is performed on the rising edge of the medium-
speed clock.
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address transfers and internal accesses (on-chip memory or internal 1/O registers) are executed in
parallel.

e Write Data Buffer Function and DMAC Register Setting

If the setting of a register that controls external accesses is changed during execution of an
external access by means of the write data buffer function, the external access may not be
performed normally. Registers that control external accesses should only be manipulated when
external reads, etc., are used with DMAC operation disabled, and the operation is not
performed in parallel with external access.

e Write Data Buffer Function and DMAC Operation Timing

The DMAC can start its next operation during external access using the write data buffer
function. Consequently, the DREQ pin sampling timing, TEND output timing, etc., are
different from the case in which the write data buffer function is disabled. Also, internal bus
cycles maybe hidden, and not visible.

e Write Data Buffer Function and TEND Output

A low level is not output at the TEND pin if the bus cycle in which a low level is to be output
at the TEND pin is an internal bus cycle, and an external write cycle is executed in parallel
with this cycle. Note, for example, that a low level may not be output at the TEND pin if the
write data buffer function is used when data transfer is performed between an internal 1/O
register and on-chip memory.

If at least one of the DMAC transfer addresses is an external address, a low level is output at
the TEND pin.
Figure 7.42 shows an example in which a low level is not output at the TEND pin.
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o L LI LI
Internal address >< : >< ><
Internal read signal | |
Internal write signal | |

External address | ><
HWR, LWR | !
TEND ‘ |

o Not output

External write by CPU, etc.

Figure 7.42 Example in Which Low Level is Not Output at TEND Pin

Activation by Falling Edge on DREQ Pin: DREQ pin falling edge detection is performed in
synchronization with DMAC internal operations. The operation is as follows:

[1] Activation request wait state: Waits for detection of a low level on the DREQ pin, and
switches to [2].

[2] Transfer wait state: Waits for DMAC data transfer to become possible, and switches to [3].

[3] Activation request disabled state: Waits for detection of a high level on the DREQ pin, and
switches to [1].

After DMAC transfer is enabled, a transition is made to [1]. Thus, initial activation after transfer is
enabled is performed on detection of a low level.

Activation Source Acceptance: At the start of activation source acceptance, a low level is
detected in both DREQ pin falling edge sensing and low level sensing. Similarly, in the case of an
internal interrupt, the interrupt request is detected. Therefore, a request is accepted from an
internal interrupt or DREQ pin low level that occurs before execution of the DMABCRL write to
enable transfer.

When the DMAC is activated, take any necessary steps to prevent an internal interrupt or DREQ
pin low level remaining from the end of the previous transfer, etc.
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or DTCevenif DTA is setto 1.

Also, if internal DMAC activation has already been initiated when operation is forcibly
terminated, the transfer is executed but flag clearing is not performed for the selected internal
interrupt even if DTA is set to 1.

An internal interrupt request following the end of transfer or a forcible termination should be
handled by the CPU as necessary.

Channel Re-Setting: To reactivate a number of channels when multiple channels are enabled, use
exclusive handling of transfer end interrupts, and perform DMABCR control bit operations
exclusively.

Note, in particular, that in cases where multiple interrupts are generated between reading and
writing of DMABCR, and a DMABCR operation is performed during new interrupt handling, the
DMABCR write data in the original interrupt handling routine will be incorrect, and the write may
invalidate the results of the operations by the multiple interrupts. Ensure that overlapping
DMABCR operations are not performed by multiple interrupts, and that there is no separation
between read and write operations by the use of a bit-manipulation instruction.

Also, when the DTE and DTME bits are cleared by the DMAC or are written with 0, they must
first be read while cleared to 0 before the CPU can write a 1 to them.
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8.1 Overview

The chip includes a data transfer controller (DTC). The DTC can be activated for data transfer by
an interrupt or software.

8.1.1 Features
The features of the DTC are:

e Transfer possible over any number of channels
— Transfer information is stored in memory
— One activation source can trigger a number of data transfers (chain transfer)
— Chain transfer execution can be set after data transfer (when counter = 0)
o Selection of transfer modes
— Normal, repeat, and block transfer modes available
— Incrementing, decrementing, and fixing of source and destination addresses can be selected
o Direct specification of 16-Mbyte address space possible
— 24-bit transfer source and destination addresses can be specified
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC
— An interrupt request can be issued to the CPU after one data transfer ends

— An interrupt request can be issued to the CPU after all the specified data transfers have
ended

e Activation by software is possible
e Module stop mode can be set

— The initial setting enables DTC registers to be accessed. DTC operation is halted by setting
module stop mode
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Figure 8.1 shows a block diagram of the DTC.

The DTC’s register information is stored in the on-chip RAM™. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-bit, 1-state reading and writing of DTC register
information.

Note: * When the DTC is used, the RAME bit in SYSCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller ~ DTC RAM
c :
o
E |
: g E 2
Interrupt 0 o W||m = L
request) BHBE 3 = @ %2;‘ Q E |
c+ c S|i<|m|Qjn Q
o _ofle) 183 | & | Sxlx B
=3 (@) <|O|O o>
= o O
o= = x .
N :
@)
'_
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 DTCERF : DTC enable registers Ato F
DTVECR : DTC vector register

Figure 8.1 Block Diagram of DTC
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Table 8.1 summarizes the DTC registers.

Table 8.1 DTC Registers

Name Abbreviation R/W Initial Value  Address™

DTC mode register A MRA —*2 Undefined 3

DTC mode register B MRB —* Undefined 3

DTC source address register SAR —*2 Undefined 3

DTC destination address register ~ DAR —* Undefined 3

DTC transfer count register A CRA —*2 Undefined 3

DTC transfer count register B CRB —*2 Undefined 3

DTC enable registers DTCER R/W  H'00 H'FF30 to H'FF35
DTC vector register DTVECR R/W  H'00 H'FF37

Module stop control register MSTPCR R/W  H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.

2. Reqgisters within the DTC cannot be read or written to directly.

3. Register information is located in on-chip RAM addresses H'F800 to H'FBFF. It cannot
be located in external space. When the DTC is used, do not clear the RAME bit in

SYSCR to 0.
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8.2.1 DTC Mode Register A (MRA)

Bit : 7 6 5 4 3 2 1 0

‘ SM1 ‘ SMO \ DM1 \ DMO \ MD1 \ MDO \ DTS \ Sz

Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

RIW S — — — — — — —

MRA is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source Address Mode 1 and 0 (SM1, SMO0): These bits specify whether SAR is
to be incremented, decremented, or left fixed after a data transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by -1 when Sz = 0; by =2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM1, DMO): These bits specify whether
DAR is to be incremented, decremented, or left fixed after a data transfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer

(by -1 when Sz = 0; by =2 when Sz = 1)
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bBit o BIl £

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 N

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
side is set to be a repeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

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

Bit 0—DTC Data Transfer Size (Sz): Specifies the size of data to be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer

8.2.2 DTC Mode Register B (MRB)

Bit : 7 6 5 4 3 2 1 0
‘ CHNE ‘ DISEL \ CHNS \ — \ — \ — \ — \ — ‘
Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

RIW S — — — — — — —

MRB is an 8-bit register that controls the DTC operating mode.
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In data transfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER are not performed.

When CHNE is set to 1, the chain transfer condition can be selected with the CHNS bit.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state)

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)

Bit 5—DTC Chain Transfer Select (CHNS): Specifies the chain transfer condition when CHNE
is 1.

Bit 7 Bit 5

CHNE CHNS Description

0 - No chain transfer (DTC data transfer end, activation waiting state entered)
1 0 DTC chain transfer

1 1 Chain transfer only when transfer counter = 0

Bits 4 to 0—Reserved: These bits have no effect on DTC operation in the chip and should always
be written with 0.
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Bit 23 22 21 20 19 -—- 4 3 2 1 O

Initial value : unde- Unde- Unde- Unde- Unde- - Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

RIW - - - = = —— - - - - —

SAR is a 24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

8.2.4 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 -——=— 4 3 2 1 0

Initial value : unde- Unde- Unde- Unde- Unde- - Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

R/W = = = = — —-——=— —_ = = = —

DAR is a 24-bit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.
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Bit 15 14 13 12 11 10 9 8 7 6 S5 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

RIW - — — — - - - - - - - - - = = =
CRAH CRAL

CRA is a 16-hit 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 data is transferred, and transfer ends when the count reaches H'0000.

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

8.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 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

R/W - ==

CRB is a 16-bit register that designates the number of times data is to 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 data is transferred, and transfer ends when the count reaches H'0000.
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Bit : 7 6 5 4 3 2 1 0

‘ DTCE7 ‘ DTCE6 \ DTCES5 \ DTCE4 \ DTCE3 \ DTCE2 \ DTCE1 \ DTCEO ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

The DTC enable registers comprise six 8-bit readable/writable registers, DTCERA to DTCERF,
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 enable registers are initialized to H'00 by a reset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCERN)

Bitn

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
e When the DISEL bit is 1 and the data transfer has ended
e When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=71t00)

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 8.5, together with the vector numbers
generated by the interrupt controller.

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 one time, it is possible to disable interrupts and write after executing a dummy read on
the relevant register.
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Bit : 7 6 5 4 3 2 1
‘ SWDTE ‘ DTVEC6 \ DTVEC5 \ DTVEC4 \ DTVEC3 \ DTVEC2 \ DTVEC1 \ DTVECO ‘

Initial value : 0 0 0 0 0 0 0 0

RIW O RIW)  RIW)T RIW)*  RIW)*  RI(W)*  RIW)*  R/MW)™  RI(W)*

Note: *Bits DTVEC6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR is initialized to H'00 by a reset and in hardware standby mode.

Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
e When the DISEL bit is 0 and the specified number of transfers have not ended
e When 0 is written after a software activation data-transfer-complete interrupt is

issued to the CPU
1 DTC software activation is enabled

[Holding conditions]

e When the DISEL bit is 1 and data transfer has ended
e When the specified number of transfers have ended
e During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors 6 to 0 (DTVEC6 to DTVECOQ): These bits
specify a vector number for DTC software activation.

The vector address is expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit left-
shift. For example, when DTVEC6 to DTVECO = H'10, the vector address is H'0420.
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MSTPCRH MSTPCRL

Bit : 15 14 183 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initalvalue: 0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW : RIW RW R/W RIW RIW RW RW R/W RW RW RW RW R/W RW RW RW

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP14 bit in MSTPCR is set to 1, DTC operation stops at the end of the bus cycle and
a transition is made to module stop mode. However, 1 cannot be written in the MSTP14 bit while
the DTC is operating. For details, see section 21.5, Module Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 14—Module Stop (MSTP14): Specifies the DTC module stop mode.

Bit 14

MSTP14  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set

8.3 Operation

8.3.1 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. A setting can also be made to have chain
transfer performed only when the transfer counter value is 0. This enables DTC re-setting to be
performed by the DTC itself.
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Start

Y
Read DTC vector

Next transfer

—
-

Y

Read register information

Y

Data transfer

1

Write register information

Y

CHNE =17
Yes
No
Transfer counter = 0
or DISEL = 1? Yes Transfer
counter = 0?
No

Y

Clear activation flag Clear DTCER

End Interrupt exception
handling

Figure 8.2 Flowchart of DTC Operation
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Ll 1i1ralioiclt

CHNE CHNS DISEL CR CHNE CHNS DISEL CR DTC Transfer
0 — 0 Not 0 — — — — Ends at 1st transfer
0 — 0 0 — — — — Ends at 1st transfer
0 — 1 — — — — — Interrupt request to CPU
1 0 — — 0 — 0 Not 0  Ends at 2nd transfer
0 — 0 0 Ends at 2nd transfer
0 — 1 — Interrupt request to CPU
1 1 0 Not 0 — — — — Ends at 1st transfer
— 0 0 — 0 Not0 Ends at 2nd transfer
0 — 0 0 Ends at 2nd transfer
0 — 1 — Interrupt request to CPU
1 1 1 Not 0 — — — — Ends at 1st transfer

Interrupt request to CPU

The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,

decremented, or left fixed.

Table 8.3 outlines the functions of the DTC.

Rev.6.00 Sep. 27,2007 Page 323 of 1268

RENESAS

REJ09B0220-0600



MUl boo T yivdtel o

Transfer  Transfer
Transfer Mode Activation Source  Source Destination
¢ Normal mode ¢ IRQ 24 bits 24 bits
— One transfer request transfers one byte e TPUTGI
or one word e 8-bit timer CMI
— Memory addresses are incremented e SCITXl or RXI

or decremented by 1 or 2

— Up to 65,536 transfers possible

Repeat mode

— One transfer request transfers one byte
or one word

— Memory addresses are incremented
or decremented by 1 or 2

— After the specified number of transfers
(1 to 256), the initial state resumes and
operation continues

Block transfer mode

— One transfer request transfers a block
of the specified size

— Block size is from 1 to 256 bytes or words

— Up to 65,536 transfers possible

— A block area can be designated at either

the source or destination

A/D converter
ADI

DMAC DEND*
Software

Note: * The DMAC is not supported in the H8S/2321.
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interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit is set to 1, and a
CPU interrupt source when the bit is cleared to 0.

At the end of a data transfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 8.4 shows activation source and
DTCER clearance. The activation source flag, in the case of RXI0, for example, is the RDRF flag
of SCIO.

Table 8.4  Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source Transfers Have Not Ended Have Ended

Software activation The SWDTE bit is cleared to 0 e The SWDTE bit remains set to 1
e Aninterrupt is issued to the CPU

Interrupt activation e The corresponding DTCER e The corresponding DTCER bit is
bit remains setto 1 clearedto O

e The activation source flag is The activation source flag remains set
cleared to 0 tol

e Avrequestis issued to the CPU for the
activation source interrupt

Figure 8.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.
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control

Clear
A
DTCER
Clear request
Select
A
On-chip N
supporting - DTC
3
module 3]
S
. o e
IRQ interrupt ™ o
Interrupt 3]
()
request o) -
DTVECR o » Interrupt controller CPU

Interrupt mask

Figure 8.3 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 operates in accordance with the default priorities.

8.3.3 DTC Vector Table
Figure 8.4 shows the correspondence between DTC vector addresses and register information.

Table 8.5 shows the correspondence between activation, 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 left shift). For example, if DTVECR is H'10, the vector
address is H'0420.

The DTC reads the start address of the register information from the vector address set for 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 a 2-byte unit. These two bytes specify the lower bits of
the address in the on-chip RAM.
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Interrupt Vector Vector

Interrupt Source Source Number  Address DTCE™ Priority

Write to DTVECR Software DTVECR H0400+ — High
(DTVECR +
[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

IRQ4 20 H'0428 DTCEA3

IRQ5 21 H'042A DTCEA2

IRQ6 22 H'042C DTCEAl

IRQ7 23 H'042E DTCEAO

ADI (A/D conversion end) A/D 28 H'0438 DTCEB6

TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5

input capture) channel 0

TGIOB (GROB compare match/ 33 H'0442 DTCEB4

input capture)

TGIOC (GROC compare match/ 34 H'0444 DTCEB3

input capture)

TGIOD (GROD compare match/ 35 H'0446 DTCEB2

input capture)

TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1

input capture) channel 1

TGI1B (GR1B compare match/ 41 H'0452 DTCEBO

input capture)

TGI2A (GR2A compare match/ TPU 44 H'0458 DTCEC7

input capture) channel 2

TGI2B (GR2B compare match/ 45 H'045A DTCEC6

input capture) Low
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Nutocel

AUUICooS

Uit

oty

TGI3A (GR3A compare match/
input capture)

TGI3B (GR3B compare match/
input capture)

TGI3C (GR3C compare match/
input capture)

TGI3D (GR3D compare match/
input capture)

TPU
channel 3

48

H'0460

DTCECS

49

H'0462

DTCEC4

50

H'0464

DTCEC3

51

H'0466

DTCEC2

TGI4A (GR4A compare match/
input capture)

TGI4B (GR4B compare match/
input capture)

TPU
channel 4

56

H'0470

DTCEC1

57

H'0472

DTCECO

DMTENDOA (DMAC transfer
complete 0)

DMTENDOB (DMAC transfer
complete 1

DMTEND1A (DMAC transfer
complete 2)

DMTEND1B (DMAC transfer
complete 3)

DMAC

72

H'0490

DTCEE7

73

H'0492

DTCEEG6

74

H'0494

DTCEES

75

H'0496

DTCEE4

TGI5A (GR5A compare match/
input capture)

TGI5B (GR5B compare match/
input capture)

TPU
channel 5

60

H'0478

DTCEDS

61

H'047A

DTCED4

CMIAO 8-bit imer 64 H'0480  DTCED3
CMIBO channel 0 65 H0482  DTCED2
CMIAL 8-bittimer 68 H'0488  DTCEDI1
CMIBL channel 1 69 H048A  DTCEDO

DMTENDOA (DMAC transfer
complete 0)

DMTENDOB (DMAC transfer
complete 1)

DMTEND1A (DMAC transfer
complete 2)

DMTEND1B (DMAC transfer
complete 3)

DMAC™*?

72

H'0490

DTCEE7

73

H'0492

DTCEEG6

74

H'0494

DTCEES

75

H'0496

DTCEE4

High

4

Low
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neriuptr ovuicc L0UlLc Nutocel AUUICOoS vicrt oty
RXI0 (receive-data-full 0) SClI 81 H'04A2 DTCEE3 High
TXIO (transmit-data-empty 0) channel 0 82 H04A4  DTCEE2

RXI1 (receive-data-full 1) SClI 85 H'04AA DTCEE1

TXI1 (transmit-data-empty 1) channel 1 86 H04AC  DTCEEO

RXI2 (receive-data-full 2) SCI 89 H'04B2 DTCEF7

TXI2 (transmit-data-empty 2) channel 2 90 H'04B4 DTCEF6 Low

Notes: 1. DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
2. The DMAC is not supported in the H8S/2321.

DTC vector
address

Register information |
start address

/

Register information

Next transfer

\_/_\

.

~N_

Figure 8.4 Correspondence between DTC Vector Address and Register Information
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Figure 8.5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: H'FFF800 to H'FFFBFF).

Lower address

) 0 1 2 3
Register T T
information —*| MRA SAR
start address . . .
MRB DAR Register information
Chain CRA CRB
transfer = MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
N 4 bytes o

T

Figure 8.5 Location of DTC Register Information in Address Space
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In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt can be requested.

Table 8.6 lists the register information in normal mode and figure 8.6 shows the memory map in
normal mode.

Table 8.6  Register Information in Normal Mode

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

D o N

SAR —» > ~— DAR

Transfer

~N  — d ~

Figure 8.6 Memory Map in Normal Mode
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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 state of the transfer counter and the address register specified as the repeat area is restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and

therefore CPU interrupts cannot be requested when DISEL = 0.

Table 8.7 lists the register information in repeat mode and figure 8.7 shows the memory map in

repeat mode.

Table 8.7  Register Information in Repeat Mode
Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer counter
DTC transfer count register B CRB Not used
e e
SAR or DAR or
DAR ™ Repeat area <:> -— AR
Transfer
~N_ ~N_

Figure 8.7 Memory Map in Repeat Mode
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In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area.

The block size is 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified as the block area is restored. The other address register
is then incremented, 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 8.8 lists the register information in block transfer mode and figure 8.8 shows the memory
map in block transfer mode.

Table 8.8 Register Information in Block Transfer Mode

Name Abbreviation Function

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

DTC transfer count register AL CRAL Block size counter

DTC transfer count register B CRB Transfer counter
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SAR or
DAR

—

First block

\_ﬂ
Block area
- : - Transfer |- -
B ] J\
Nth block
~N_

DAR or
* SAR

Figure 8.8 Memory Map in Block Transfer Mode
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Setting the CHNE bit to 1 enables a number of data transfers to be performed consecutively in
response to a single transfer request. It is also possible, by setting both the CHNE bit and CHNS
bit to 1, to specify execution of chain transfer only when the transfer counter value is 0. SAR,
DAR, CRA, CRB, MRA, and MRB, which define data transfers, can be set independently.

Figure 8.9 shows the memory map for chain transfer.

T~
Source
% /_k/
. . . ) Destination
Register information
CHNE =1
DTC vector Register information
address start address [
Register information
CHNE =0
7 Source
LN L
) Destination
/\/

Figure 8.9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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Figures 8.10 to 8.12 show examples of DTC operation timing.

Juyyyyyyyh
_/ |

DTC activation

request
DTC J \—
request
Data transfer
Vector read - >
saress O OO e OO
B -~

Transfer
information read

Transfer
information write

Figure 8.10 DTC Operation Timing (Example in Normal Mode or Repeat Mode)

DTC activation
request / \

DTC request /

-

Data transfer

OO == OO0

Vector read

)

Address

-
Transfer

information read

-y
Transfer
information write

Figure 8.11 DTC Operation Timing (Example of Block Transfer Mode,

with Block Size of 2)
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DTC activation
request _/ \

DTC
request J \_

Data transfer Data transfer
Vector read R — B —
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure 8.12 DTC Operation Timing (Example of Chain Transfer)

8.3.10 Number of DTC Execution States

Table 8.9 lists execution phases for a single DTC data transfer, and table 8.10 shows the number
of states required for each execution phase.

Table 8.9 DTC Execution Phases

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode I J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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AL ALl

Chip Chip Internal /O

Access To: RAM ROM Registers External Devices

Bus width 32 16 8 16 8 16

Access states 1 1 2 2 2 3 2 3

Execution Vector read S — 1 — — 4 6+2m 2 3+m

phase Register S; 1 — — — — — — —
information
read/write
Byte data read Sk 1 1 2 2 2 3+m 2 3+m
Word dataread Sk 1 1 4 2 4 6+2m 2 3+m
Byte datawrite S 1 1 2 2 2 3+m 2 3+m
Word data write S 1 1 4 2 4 6+2m 2 3+m
Internal operation Sy 1

The number of execution states is calculated from the formula below. Note that >~ means the sum
of all transfers activated by one activation event (the number in which the CHNE bit is set to 1,
plus 1).

Number of execution states=1-S,+X (J-S;+ K- Sc+L-S)+M: Sy

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set,
and data is transferred from the on-chip ROM to an internal 1/O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the data write is 10 states.
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Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

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

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

[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC is to continue
transferring data, set the DTCE bit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE bit is 0.

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

[5] Check the vector number written to DTVECR.

[6] After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit is held at 1 and a CPU interrupt is requested.
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Normal Mode: An example is shown in which the DTC is used to receive 128 bytes of data via
the SCI.

[1] Set MRA to fixed source address (SM1 = SMO0 = 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 one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR address in SAR, the start address of the RAM area where the data will be 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
data full (RXI) interrupt. Since the generation of a receive error during the SCI receive
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 SSR is set to 1, an
RXI interrupt is generated, and the DTC is activated. The receive data is transferred from RDR
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDRF flag is
automatically cleared to 0.

[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, the
DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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trigger cycle updating. Repeat mode transfer to the PPG’s NDR is performed in the first half of the
chain transfer, and normal mode transfer to the TPU’s TGR in the second half. This is because
clearing of the activation source and interrupt generation at the end of the specified number of
transfers are restricted to the second half of the chain transfer (transfer when CHNE = 0).

[1] Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing
(SM1 =1, SMO0 = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 =0,
MDO = 1), and word size (Sz = 1). Set the source side as a repeat area (DTS = 1). Set MRB to
chain mode (CHNE = 1, DISEL = 0). Set the data table start address in SAR, the NDRH
address in DAR, and the data table size in CRAH and CRAL. CRB can be set to any value.

[2] Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1 =1, SMO0 = 0), fixed destination address (DM1 = DMO = 0), normal mode (MD1 = MDO
= 0), and word size (Sz = 1). Set the data table start address in SAR, the TGRA address in
DAR, and the data table size in CRA. CRB can be set to any value.

[3] Locate the TPU transfer register information consecutively after the NDR transfer register
information.

[4] Set the start address of the NDR transfer register information to the DTC vector address.
[5] Set the bit corresponding to TGIA in DTCER to 1.

[6] Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

[7] Set the initial output value in PODR, and the next output value in NDR. Set bits in DDR and
NDER for which output is to be performed to 1. Using PCR, select the TPU compare match to
be used as the output trigger.

[8] Set the CST bitin TSTR to 1, and start the TCNT count operation.

[9] Each time a TGRA compare match occurs, the next output value is transferred to NDR and the
set value of the next output trigger period is transferred to TGRA. The activation source TGFA
flag is cleared.

[10] When the specified number of transfers are completed (the TPU transfer CRA value is 0), the
TGFA flag is held at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is sent to the
CPU. Wrap-up processing should be performed in the interrupt handling routine.
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more repeat transfers.

An example is shown in which a 128-kbyte input buffer is configured. The input buffer is assumed
to have been set to start at lower address H'0000. Figure 8.13 shows the memory map.

[1] For the first transfer, set the normal mode for input data. Set fixed transfer source address
(G/A, etc.), CRA = H'0000 (64k times), and CHNE = 1, CHNS =1, and DISEL = 0.

[2] Prepare the upper 8-bit addresses of the start addresses for each of the 64k transfer start
addresses for the first data transfer in a separate area (in ROM, etc.). For example, if the input
buffer comprises H'200000 to H'21FFFF, prepare H'21 and H'20.

[3] For the second transfer, set repeat mode (with the source side as the repeat area) for re-setting
the transfer destination address for the first data transfer. Use the upper 8 bits of DAR in the
first register information area as the transfer destination. Set CHNE = DISEL = 0. If the above
input buffer is specified as H'200000 to H'21FFFF, set the transfer counter to 2.

[4] Execute the first data transfer 64k times by means of interrupts. When the transfer counter for
the first data transfer reaches 0, the second data transfer is started. Set the upper 8 bits of the
transfer source address for the first data transfer to H'21. The lower 16 bits of the transfer
destination address of the first data transfer and the transfer counter are H'0000.

[5] Next, execute the first data transfer the 64k times specified for the first data transfer by means
of interrupts. When the transfer counter for the first data transfer reaches 0, the second data
transfer is started. Set the upper 8 bits of the transfer source address for the first data transfer to
H'20. The lower 16 bits of the transfer destination address of the first data transfer and the
transfer counter are H'0000.

[6] Steps [4] and [5] are repeated endlessly. As repeat mode is specified for the second data
transfer, an interrupt request is not sent to the CPU.

Rev.6.00 Sep. 27, 2007 Page 342 of 1268
REJ09B0220-0600
RENESAS



| ipucr vireuit |

:\>7 Input buffer -
- Firstdata — ~__—
| transfer register \/_\
information
Chain transfer
(counter = 0)
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i i of DAR
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Figure 8.13 Chain Transfer when Counter =0

Software Activation: An example is shown in which the DTC is used to transfer a block of 128
bytes of data by means of software activation. The transfer source address is H'1000 and the
destination address is H'2000. The vector number is H'60, so the vector address is H'04CO0.

[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 there is currently no transfer activated
by software.
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|o] R€ad D1 VELR agaln and CNECK that It 1S SET 10 th€ vector num~oner (Fou). 1T IT IS Not, tnis
indicates that the write failed. This is 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 data is 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.

8.4 Interrupts

An interrupt request is issued to the CPU when the DTC finishes the specified number of data
transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt 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 bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit is held at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE bit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.
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Module Stop: When the MSTP14 bit in MSTPCR is set to 1, the DTC clock stops, and the DTC
enters the module stop state. However, 1 cannot be written to the MSTP14 bit while the DTC is
operating.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip
RAM. When the DTC is used, the RAME bit in SYSCR must not be cleared to 0.

DMAC Transfer End Interrupt™: When DTC transfer is activated by a DMAC transfer end
interrupt, regardless of the transfer counter and DISEL bit, the DMAC’s DTE bit is not subject to
DTC control, and the write data has priority. Consequently, an interrupt request may not be sent to
the CPU when the DTC transfer counter reaches 0.

Note: * The DMAC is not supported in the H8S/2321.

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 one time, it is possible to disable interrupts and write after
executing a dummy read on the relevant register.

Chain Transfer: When chain transfer is used, clearing of the activation source or DTCER is
performed when the last of the chain of data transfers is executed. SCI and A/D converter
interrupt/activation sources, on the other hand, are cleared when the DTC reads or writes to the
prescribed register.

Therefore, when the DTC is activated by an interrupt or activation source, if a read/write of the
relevant register is not included in the last chained data transfer, the interrupt or activation source
will be retained.
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9.1 Overview
The chip has 12 1/0 ports (ports 1, 2, 3, 5, 6, and A to G), and one input-only port (port 4).
Table 9.1 summarizes 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), a data register (DR) that stores output data, and a port register (PORT) used to
read the pin states.

Ports A to E have a built-in MOS pull-up function, and in addition to DR and DDR, have a MOS
input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Port 3 and port A include an open drain control register (ODR) that controls the on/off state of the
output buffer PMOS.

Ports 1 and A to F can drive a single TTL load and 50 pF capacitive load, and ports 2, 3, 5, 6, and
G can drive a single TTL load and 30 pF capacitive load.

Ports 1, 2, and 5 (only when used for IRQ input), and pins 6, to 6; and A4 to A;, are Schmitt-
triggered inputs.
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vt IJCQ\aII'JI.IUII o wivue = | wivue J | wivue v | wivue 1
Port 1 |e 8-bit I/O P1,/POs/TIOCB,/TCLKD |8-bit I/O port also functioning as DMA controller output pins
port P1./PO./TIOCA, (DACK, and DACKy)™?, TPU /O pins (TCLKA, TCLKB,

o Schmitt- TCLKC, TCLKD, TIOCA,, TIOCBy, TIOCC,, TIOCD,,
triggered P15/PO1/TIOCB./TCLKC  |TIOCA,, TIOCB,, TIOCA,, TIOCB,) and PPG output pins
input P1,/PO1,/TIOCA, (POss to POg)

P15/PO11/TIOCDy/TCLKB
P1,/PO1o/TIOCCy/TCLKA
P1,/POy/TIOCB,/DACK;™
P1o/POg/TIOCAL/DACK, ™
Port 2 |e 8-bit /O P2:,/PO7/TIOCBs/TMO, 8-bit I/O port also functioning as TPU I/O pins (TIOCAs,
port P25/POS/TIOCASTMO TIOCB3, TIOCCs, TIOCD3, TIOCA4, TIOCB4, TIOCAs,

o Schmitt- © ® 0 TIOCB:5), 8-bit timer (channels 0 and 1) I/O pins (TMRIo,
triggered P25/POS/TIOCBJTMCl1 | TMClo, TMOo, TMRIy, TMCl;, TMO,) and PPG output pins
input P2,/POJTIOCA,/TMRI;  |(PO7to POg)

P25/PO3/TIOCD3/TMClo
P2,/PO,/TIOCC3/TMRI,
P2,/PO,/TIOCB;
P2,/PO(/TIOCA;
Port 3 |e 6-bit I/O P3s/SCK; 6-bit 1/0 port also functioning as SCI (channel 0 and 1) I/O
port P3,/SCK, pins (TxDo, RXDo, SCKo, TXD;, RxD1, SCK;)

e Open-drain P3./RXD
output i
capability | P32/RxDo

P31/TXD1
P30/TXDO
Port 4 |e 8-bit input |P4;/AN;/DA; 8-bit input port also functioning as A/D converter analog
port P4.JAN/DA, inputs (AN7 to ANp) and D/A converter analog outputs (DA;
e and DAy)
P4s/ANs
P4,/AN,
P45/AN;
P4,/AN,
P4,/AN;
P40/ANg
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port

Schmitt-
triggered
input
(IRQ input
only)

bBREQU

nput pin (AL 1 RG), ana as Interrupt input pin

(IRQy) when IRQPAS = 1, WAIT input pin

when WAITE = 1, BREQOE =

0, WAITPS =

1, DDR = 0, and WAITE = 0, BREQOE =1,
BREQO output pin when BREQOPS =1

unctioning as
A/D converter
input pin
(ADTRG),
and as inter-
rupt input pin
(IRQ;) when
IRQPAS =1

P5,/SCK,/TRQs
P51/RXD2/| RQS
P 50/ TXDzl WA

I/0 port also functioning as SCI (channel 2) I/O pins (TxD.,
RxD,, SCKy), and as interrupt input pins (IRQ4 to IRQs)

when IRQPAS =1

Port 6

8-bit 110
port

Schmitt-
triggered
input

(P64 to P67)

P6;/IRQ4/CS;
P66/TRQ./CSs
P6s/TRQ.
P6,/RQo

P64/ TEND,*?
P6,/DREQ; ™
P6,/TEND, %/CSs
P6,/DREQ,**/CS.

8-bit I/O port also functioning as DMA

controller 1/0 pins (DREQo, TEND,, DREQ;,
TEND,) *?, bus control output pins (CS, to
CS,), and interrupt input pins (IRQo to TRQ3)

8-bit I/O port
also function-
ing as inter-
rupt input pins
(mo to mg)

Port A

8-bit 110
port
Built-in
MOS input
pull-up
Open-drain
output
capability
Schmitt-
triggered
input

(PA4 to
PA7)

PA7/ A23/ m7
PA6/A2/TRQs
PAs/Ax/IRQs

When DDR = 0 (after reset):
dual function as input ports
and interrupt input pins (IRQ;
to ms)

When DDR =1 and A23E to
A21E = 1: address output

When DDR =1 and A23E to
A21E = 0: DR value output

PAJ/A/RQ,

1/0O port also functioning as
address output and interrupt
input pin (IRQ4)

When DDR =
0 (after reset):
dual function
as input ports
and interrupt
input pins
(m7 to m@

When DDR =
1 and A23E to
A20E = 1:
address
output

When DDR =

1 and A23E to
A20E =0: DR
value output

Dual function
as /0 ports
and interrupt
input pins
(m7 to m@

PA3/A19 to PA0/A16

Address output

When DDR =
0 (after reset):
input ports
When DDR =
1: address
output

1/0 ports
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port U (alter reset).
« Built-in input port
MOS input When DDR =
pull-up 1: address
output
Port C |e 8-bit /O PC7/A; to PCo/Ag Address output When DDR = |I/O ports
port 0 (after reset):
« Built-in input port
MOS input When DDR =
pull-up 1: address
output
Port D |e 8-bit I/O PD7/D;s5 to PDo/Dg Data bus input/output 1/0 ports
port
o Built-in
MOS input
pull-up
Port E |e 8-bit /O PE-/D; to PE/Do In 8-bit bus mode: I/O port 1/O ports
port In 16-bit bus mode: data bus input/output
e Built-in
MOS input
pull-up
Port F |e 8-bit I/O PF:/¢ When DDR = 0: input port When DDR =
port When DDR = 1 (after reset): ¢ output 0 (after reset):
input port
When DDR =
1: ¢ output
PFs/AS When ASOD = 1: I/0 port I/0 ports
When ASOD = 0: AS output
PFs/RD RD, HWR output
PFJ/HWR
PFs/LWR When LWROD = 1: I/O port
When LWROD = 0: LWR output
PF,/LCAS™/WAIT/BREQO |When WAITE = 0 and BREQOE = 0 (after

reset): 1/0 port

When WAITE = 1, BREQOE = 0, and
WAITPS = 0, DDR = 0: WAIT input
When WAITE = 0, BREQOE =1, and
BREQOPS = 0: BREQO output

When RMTS2 to RMTSO0= B'001 to B'011,
and 16-bit access space is set: LCAS output
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port PF/BREQ When BRLE = 1: BREQ input, BACK output

Port G |e 5-bit I/O PG./CS, When DDR = 0™ input port I/0 ports
port When DDR = 1**: CS0 output
PGs/CS; When DDR = 0 (after reset): input port

When CS167E = 0 and DDR = 1: output port

When CS167E =1 and DDR = 1: CS1
output

PG./CS, When DDR = 0 (after reset): input port
When CS25E = 0 and DDR = 1: output port
When CS25E = 1 and DDR = 1: CS2 output
PG./CS; When DDR = 0 (after reset): input port
When CS25E = 0 and DDR = 1: output port
When CS25E = 1 and DDR = 1: CS3 output
PGo/CAS™ DRAM space set: CAS output

Otherwise (after reset): /0 port

Notes: 1. Only modes 4 and 5 are provided in the ROMIless version.

2. The DACK1, DACKO, TEND1, DREQ1, TENDO, DREQO and LCAS are not supported
in the H8S/2321.

3. After a reset in mode 6.
4., After aresetin mode 4 or 5.
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9.2.1 Overview

Port 1 is an 8-bit 1/O port. Port 1 pins also function as PPG output pins (PO;s to POg), TPU 1/O
pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCA,, TIOCB,, TIOCC,, TIOCD,, TIOCA,,
TIOCB,, TIOCA,, and TIOCB,), and DMAC™ output pins (DACK, and DACK,). Port 1 pin
functions are the same in all operating modes. Port 1 uses Schmitt-triggered input.

Figure 9.1 shows the port 1 pin configuration.

Note: * Not supported in the H8S/2321.

Port 1 pins

—» P1, (I/0) / PO;5 (output) / TIOCB, (1/O) / TCLKD (input)
~—» P15 (1/0) / POy, (output) / TIOCA, (I/O)

~— P1; (1/0)/PO,3 (output) / TIOCB; (I/O) / TCLKC (input)
a— P1, (I/0) / PO, (output) / TIOCA, (I/O)

Portt -— P1, (I/0) / PO, (output) / TIOCD, (1/O) / TCLKB (input)
~+— P1, (I/O) / PO4q (output) / TIOCCy (I/O) / TCLKA (input)
— P1, (/0)/ POy (output) / TIOCBy, (I/0) / DACK,* (output)

— P1, (I/0O) / POg (output) / TIOCA, (I/O) / DACKy* (output)

Note: * The DACK, and DACK, pin functions are not supported in the H8S/2321.

Figure 9.1 Port 1 Pin Functions
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Table 9.2 shows the port 1 register configuration.

Table 9.2  Port 1 Registers

Name Abbreviation R/W Initial Value Address™
Port 1 data direction register P1DDR W H'00 H'FEBO
Port 1 data register P1DR R/W H'00 H'FF60
Port 1 register PORT1 R Undefined H'FF50

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
RIW Y 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 read.

Setting a P1DDR bit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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blt . [ o] o] 4 9 Z 1

‘ P17DR ‘ P16DR \ P15DR \ P14DR \ P13DR \ P12DR \ P11DR \ P10DR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P1; to P1).

P1DR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0

‘ P17 ‘ P16 \ P15 \ P14 \ P13 \ P12 \ P11 \ P10 ‘
Initial value : —* _* _* _* _* _* _* _*
RIW : R R R R R R R R

Note: * Determined by state of pins P17 to P1,.

PORT1 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P1; to P1y) must always be performed on P1DR.

If a port 1 read is performed while PLDDR bits are set to 1, the P1DR values are read. If a port 1
read is performed while P1DDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORT1 contents are determined by the pin states, as
P1DDR and P1DR are initialized. PORT1 retains its prior state in software standby mode.
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Port 1 pins also function as PPG output pins (PO5 to POg), TPU 1/O pins (TCLKA, TCLKB,
TCLKC, TCLKD, TIOCA,, TIOCBy, TIOCC,, TIOCD,, TIOCA;, TIOCB,, TIOCA,, and
TIOCB,), and DMAC™ output pins (DACK, and DACK}). Port 1 pin functions are shown in table

9.3.

Note: * The DMAC is not supported in the H8S/2321.

Table 9.3

Pin

Port 1 Pin Functions

Selection Method and Pin Functions

P17/POgs/
TIOCB,/TCLKD

The pin function is switched as shown below according to the combination of
the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOB3 to IOB0O
in TIOR2, and bits CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO in

TCRO and TCR5, bit NDER15 in NDERH, and bit P17DDR.

TPU Channel

2 Setting Table Below (1) Table Below (2)

P17DDR — 0 1 1

NDER15 — — 0 1

Pin function TIOCB; output P1, P1, POss
input output output

TIOCB; input™

TCLKD input™®

Notes: 1. TIOCB; input when MD3 to MDO = B'0000 or B'01xx, and IOB3 = 1.
2. TCLKD input when the setting for either TCRO or TCR5 is: TPSC2

to TPSCO = B'111.

TCLKD input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
2 Setting 2 Q) 2) )] Q) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx |B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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TIOCA:

the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOA3 to IOAQ
in TIOR2, and bits CCLR1 and CCLRO in TCR2), bit NDER14 in NDERH, and

bit P16DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P16DDR — 0 1 1
NDER14 — — 0 1
Pin function TIOCA; output Ple Ple PO14
input output output
TIOCA; input™
TPU Channel
2 Setting 2 Q) 2) @ Q) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0011 B'0011
IOA3 to IOA0 | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don't care

Notes: 1. TIOCA; input when MD3 to MDO = B'0000 or B'01xx, and IOA3 = 1.
2. TIOCB; output is disabled.
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TIOCB1/TCLKC the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOB3 to IOB0
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO in
TCRO, TCR2, TCR4, and TCR5, bit NDER13 in NDERH, and bit P15DDR.

TPU Channel
1 Setting Table Below (1) Table Below (2)
P15DDR — 0 1 1
NDER13 — — 0 1
Pin function TIOCB; output P1s P1s POi3
input output output
TIOCB; input™

TCLKC input™

Notes: 1. TIOCB; input when MD3 to MDO = B'0000 or B'01xx, and IOB3
to I0BO = B'10xx.
2. TCLKC input when the setting for either TCRO or TCR2 is: TPSC2
to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is
TPSC2 to TPSCO = B'101.
TCLKC input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
1 Setting ) @) ) ) @) )
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'O000 |B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'1xxx B'0101 to

B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10

Output — Output — — PWM —
function compare mode 2

output output

x: Don'’t care
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TIOCA; the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOAOQ
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bit NDER12 in NDERH, and

bit P14DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)
P14DDR — 0 1 1
NDER12 — — 0 1
Pin function TIOCA; output P14 P14 PO12

input output output
TIOCA; input™

TPU Channel

1 Setting (2) (1) (2) 1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0O000 |B'0001to| B'xx00 Other | Other than B'xx00

B'0100 |B'0011 than
B'lxxx |B'0101 to B'xx00
B'0111

CCLR1, — — — — Other B'01
CCLRO than B'01

Output — Output — PWM PWM —
function compare mode 1 | mode 2

output output™ | output
x: Don't care
Notes: 1. TIOCA; input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
I0A0 = B'10xx.

2. TIOCB; output is disabled.
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TIOCDo/TCLKB

the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOD3 to IOD0O
in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2 to TPSCO in
TCRO to TCR2, bit NDER11 in NDERH, and bit P13DDR.

TPU Channel

0 Setting Table Below (1) Table Below (2)

P13DDR — 0 1 1

NDER11 — — 0 1

Pin function TIOCDg output P13 P13 PO11
input output output

TIOCD, input™

TCLKB input™

Notes: 1. TIOCD, input when MD3 to MDO = B'0000, and 10D3 to I0DO0 =

B'10xx.
2. TCLKB input when the setting for TCRO to TCR2 is: TPSC2 to
TPSCO = B'101.
TCLKB input when channels 1 and 5 are set to phase counting
mode.
TPU Channel
0 Setting 2 Q) 2) )] Q) 2
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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TIOCCo/TCLKA the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOC3 to IOCO
in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2 to TPSCO in
TCRO to TCRS5, bit NDER10 in NDERH, and bit P12DDR.

TPU Channel
0 Setting Table Below (1) Table Below (2)
P12DDR — 0 1 1
NDER10 — — 0 1
Pin function TIOCCy output P1, P1, PO1o
input output output
TIOCC, input™
TCLKA input™
TPU Channel
0 Setting (2) 1) 2) (1) 1) (2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'O00O0 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don'’t care
Notes: 1. TIOCC, input when MD3 to MDO = B'0000, and IOC3 to IOCO =
B'10xx.
2. TCLKA input when the setting for TCRO to TCR5 is: TPSC2 to
TPSCO = B'100.
TCLKA input when channels 1 and 5 are set to phase counting
mode.

3. TIOCD, output is disabled.
When BFA =1 or BFB = 1 in TMDRO, output is disabled and setting
(2) applies.

Rev.6.00 Sep. 27, 2007 Page 360 of 1268
REJ09B0220-0600
RENESAS



DACK;™ the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOB3 to IOB0
in TIOROH, and bits CCLR2 to CCLRO in TCRO), bit NDER9 in NDERH, bit
SAE1*in DMABCRH, and bit P11DDR.

SAE1™*? 0 1

TPU Channel Table

0 Setting Below (1) Table Below (2)

P11DDR — 0 1 1 —

NDER9 — — 0 1 —

Pin function TIOCBy P1; P1; POy DACK;,™*

output input output output output

TIOCB, input™

Notes: 1. TIOCBy input when MD3 to MDO = B'0000, and IOB3 to IOBO =

B'10xx.
2. The DMAC and the DACK; pin function are not supported in the
H8S/2321.
TPU Channel
0 Setting (2) Q) 2) (2) Q) 2)
MD3 to MDO B'0000 B'0010 B'0011
I0B3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'"1xxx B'0101 to

B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010

Output — Output — — PWM —
function compare mode 2

output output

x: Don’t care
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DACK,™

the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOA3 to IOAQ
in TIOROH, and bits CCLR2 to CCLRO in TCRO), bit NDER8 in NDERH, bit
SAE0™ in DMABCRH, and bit P10DDR.

SAE0™ 0 1
TPU Channel Table
0 Setting Below (1) Table Below (2) —
P10DDR — 0 1 1 —
NDERS8 — — 0 1 —
Pin function TIOCA, Plo Plo POg DACK,™*?
output input output output output
TIOCAo input™
TPU Channel
0 Setting 2 1) 2) 1) 1) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOA0 | B'O000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don't care
Notes: 1. TIOCAq input when MD3 to MDO = B'0000, and IOA3 to IOAQ =
B'10xx.
2. The DMAC and the DACKoy pin function are not supported in the
H8S/2321.

3. TIOCBg output is disabled.
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9.3.1 Overview

Port 2 is an 8-bit 1/O port. Port 2 pins also function as PPG output pins (PO to POy), TPU 1I/O pins
(TIOCA;, TIOCB;, TIOCCs, TIOCD3, TIOCA,, TIOCB,, TIOCAs, and TIOCB:) and 8-bit timer
1/0 pins (TMRIy, TMCly, TMOgy, TMRIy, TMCI,, TMO,). Port 2 pin functions are the same in all
operating modes. Port 2 uses Schmitt-triggered input.

Figure 9.2 shows the port 2 pin configuration.

Port 2 pins

~—» P2, (I/O) / PO, (output) / TIOCB; (I/O) / TMO; (output)
— P2, (1/O) / POg (output) / TIOCA; (1/O) / TMO, (output)
— P2 (1/0) / POg (output) / TIOCB, (1/O) / TMCI, (input)
Port 2 — P2, (1/0)/ PO, (output) / TIOCA, (1/O) / TMRI, (input)
a— P2, (I/0) / PO (output) / TIOCD; (/O) / TMClI, (input)
= P2, (I/0) / PO, (output) / TIOCC; (I/0) / TMRI, (input)

— P2, (I/O)/ PO, (output) / TIOCB; (I/O)

= P2, (I/O) / PO, (output) / TIOCA; (I/O)

Figure 9.2 Port 2 Pin Functions
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Table 9.4 shows the port 2 register configuration.

Table 9.4  Port 2 Registers

Name Abbreviation R/W Initial Value Address™
Port 2 data direction register P2DDR w H'00 H'FEB1
Port 2 data register P2DR R/W H'00 H'FF61
Port 2 register PORT2 R Undefined H'FF51

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
RIW Y 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 read.

Setting a P2DDR bit to 1 makes the corresponding port 2 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P2DDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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\ P27DR \ P26DR \ P25DR \ P24DR \ P23DR \ P22DR \ P21DR \ P20DR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

P2DR is an 8-bit readable/writable register that stores output data for the port 2 pins (P2, to P2y).

P2DR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port 2 Register (PORT?2)

Bit : 7 6 5 4 3 2 1 0

‘ P27 ‘ P26 \ P25 \ P24 \ P23 \ P22 \ P21 \ P20 ‘
Initial value : —* _* _* _* _* _* _* _*
RIW : R R R R R R R R

Note: * Determined by state of pins P27 to P2o.

PORT2 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 2 pins (P2; to P2,) must always be performed on P2DR.

If a port 2 read is performed while P2DDR bits are set to 1, the P2DR values are read. If a port 2
read is performed while P2DDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORT2 contents are determined by the pin states, as
P2DDR and P2DR are initialized. PORT?2 retains its prior state in software standby mode.
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Port 2 pins also function as PPG output pins (PO to POy) and TPU 1/O pins (TIOCAg, TIOCBs;,
TIOCC;, TIOCD3, TIOCA,, TIOCB,, TIOCAs, and TIOCBs;), and 8-bit timer 1/0 pins (TMRI,,

TMCly, TMOg, TMRI;, TMCIy, and TMO,). Port 2 pin functions are shown in table 9.5.

Table 9.5

Pin

Port 2 Pin Functions

Selection Method and Pin Functions

P2:,/PO7/TIOCBs/
TMO,

The pin function is switched as shown below according to the combination of
the TPU channel 5 setting (by bits MD3 to MDO in TMDRS5, bits IOB3 to IOBO
in TIOR5, and bits CCLR1 and CCLRO in TCR5), bit NDER7 in NDERL, bits

0S3 to OS0 in TCSR1, and bit P27DDR.

0S3 to 0OS0 AllO Not all 0

TPU Channel Table

5 Setting Below (1) Table Below (2) —

P27DDR — 0 1 1 —

NDER7 — — 0 1 —

Pin function TIOCBs P27 P2, PO, TMO,
output input output output output

TIOCBs input™

Note: *TIOCBs i

nput when MD3 to MDO = B'0000 or B'01xx, and IOB3 = 1.

TPU Channel
5 Setting 2 Q) 2) 2 Q) 2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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TMOo

the TPU channel 5 setting (by bits MD3 to MDO in TMDRS5, bits IOA3 to IOAQ
in TIORS5, and bits CCLR1 and CCLRO in TCR5), bit NDERG6 in NDERL, bits
0OS3to OS0 in TCSRO, and bit P26DDR.

0S3 to 0OS0 AllO Not all 0
TPU Channel Table
5 Setting Below (1) Table Below (2) —
P26DDR — 0 1 1 —
NDER6 — — 0 1 —
Pin function TIOCAs P2¢ P2¢ POs TMOg

output input output output output

TIOCAs input™
TPU Channel
5 Setting 2 1) 2) 1) 1) 2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOA0 | B'O000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don't care

Notes: 1. TIOCAs input when MD3 to MDO = B'0000 or B'01xx, and I0A3 = 1.

2. TIOCBs output is disabled.
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TMCly

clock is selected with bits CKS2 to CKS0 in TCR1.

The pin function is switched as shown below according to the combination of
the TPU channel 4 setting (by bits MD3 to MDO in TMDRA4, bits IOB3 to IOB0
in TIOR4, and bhits CCLR1 and CCLRO0 in TCR4), bit NDERS5 in NDERL, and bit

P25DDR.
TPU Channel
4 Setting Table Below (1) Table Below (2)
P25DDR — 0 1 1
NDERS — — 0 1
Pin function TIOCB4 output P25 P25 POs
input output output
TIOCB, input™
TMCl; input
Note: * TIOCB,4 input when MD3 to MDO = B'0000 or B'01xx, and IOB3 to IOBO
= B'10xx.
TPU Channel
4 Setting 2 1) 2) 2 1) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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TMRIy

CCLRO in TCR1 are both set to 1.

The pin function is switched as shown below according to the combination of
the TPU channel 4 setting (by bits MD3 to MDO in TMDRA4, bits IOA3 to IOAQ
in TIOR4, and bhits CCLR1 and CCLRO0 in TCR4), bit NDER4 in NDERL, and bit

P24DDR.
TPU Channel
4 Setting Table Below (1) Table Below (2)
P24DDR — 0 1 1
NDER4 — — 0 1
Pin function TIOCA, output P2, P24 PO4
input output output
TIOCA input™
TMRI; input
TPU Channel
4 Setting (2 1) 2 1) 1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don’t care

Notes: 1. TIOCA, input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
I0AOQ = B'10xx.

2. TIOCB,4 output is disabled.
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TMClo

clock is selected with bits CKS2 to CKS0 in TCRO.

The pin function is switched as shown below according to the combination of
the TPU channel 3 setting (by bits MD3 to MDO in TMDR3, bits IOD3 to IOD0O
in TIOR3L, and bits CCLR2 to CCLRO in TCR3), bit NDER3 in NDERL, and bit

P23DDR.

TPU Channel

3 Setting Table Below (1) Table Below (2)

P23DDR — 0 1 1

NDER3 — — 0 1

Pin function TIOCD3 output P23 P23 PO3

input output output
TIOCD3 input™
TMClp input

Note: * TIOCD3 input when MD3 to MDO = B'0000, and 10D3 to IODO = B'10xx.

TPU Channel
3 Setting (2) Q) ) (2) Q) (2)
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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TMRIo

CCLRO in TCRO are both set to 1.

The pin function is switched as shown below according to the combination of
the TPU channel 3 setting (by bits MD3 to MDO in TMDR3, bits IOC3 to IOCO
in TIOR3L, and bits CCLR2 to CCLRO in TCR3), bit NDER2 in NDERL, and bit

P22DDR.
TPU Channel
3 Setting Table Below (1) Table Below (2)
P22DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCC; output P2, P2, PO,
input output output
TIOCC; input™
TMRIp input
TPU Channel
3 Setting 2 Q) 2) @ Q) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'O000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101

Output — Output — PWM PWM —
function compare mode 1 | mode 2

output output™ | output

x: Don'’t care
Notes: 1. TIOCC; input when MD3 to MDO = B'0000, and IOC3 to IOCO =
B'10xx.

2. TIOCDs output is disabled.
When BFA =1 or BFB = 1 in TMDR3, output is disabled and setting
(2) applies.
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the TPU channel 3 setting (by bits MD3 to MDO in TMDR3, bits IOB3 to IOB0
in TIOR3H, and bits CCLR2 to CCLRO in TCR3), bit NDER1 in NDERL, and bit

P21DDR.

TPU Channel

3 Setting Table Below (1) Table Below (2)

P21DDR — 0 1 1

NDER1 — — 0 1

Pin function TIOCB; output P2; P2 PO;
input output output

TIOCB; input™

Note: *TIOCBs i

nput when MD3 to MDO = B'0000, and IOB3 to IOBO = B'10xx.

TPU Channel
3 Setting (2) Q) ) (2) Q) (2)
MD3 to MDO B'0000 B'0010 B'0011
IOB3 to IOBO | B'O000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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the TPU channel 3 setting (by bits MD3 to MDO in TMDR3, bits IOA3 to IOAQ
in TIOR3H, and bits CCLR2 to CCLRO in TCR3), bit NDERO in NDERL, and bit

P20DDR.
TPU Channel
3 Setting Table Below (1) Table Below (2)
P20DDR — 0 1 1
NDERO — — 0 1
Pin function TIOCA:z output P20 P20 POo
input output output
TIOCAs input™
TPU Channel
3 Setting 2 Q) 2) @ Q) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOA0 | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'"1xxx B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001

Output — Output — PWM PWM —
function compare mode 1 | mode 2

output output™ | output

x: Don't care
Notes: 1. TIOCAjz input when MD3 to MDO = B'0000, and IOA3 to IOAQ =
B'10xx.

2. TIOCBs; output is disabled.
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9.4.1 Overview

Port 3 is a 6-bit 1/O port. Port 3 pins also function as SCI 1/0O pins (TxDg, RXDg, SCKg, TXD;,
RxD4, and SCK,). Port 3 pin functions are the same in all operating modes.

Figure 9.3 shows the port 3 pin configuration.

Port 3

Port 3 pins

P3; (I/0) / SCK, (1/0)
P3, (I/0) / SCK, (1/0)

P33 (I/0) / RxD; (input)

P3, (1/0) / RxDy, (input)

P3, (1/0O) / TxD, (output)

P3, (I/0) / TxDg (output)

Figure 9.3 Port 3 Pin Functions

9.4.2 Register Configuration

Table 9.6 shows the port 3 register configuration.

Table 9.6  Port 3 Registers

Name Abbreviation R/W Initial Value™  Address™
Port 3 data direction register P3DDR W H'00 H'FEB2
Port 3 data register P3DR R/W H'00 H'FF62
Port 3 register PORT3 R Undefined H'FF52
Port 3 open drain control register P30ODR R/W H'00 H'FF76

Notes: 1. Lower 16 bits of the address.
2. Value of bits 5 to 0.
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‘ — ‘ — \ P35DDR \ P34DDR \ P33DDR \ P32DDR \ P31DDR \ P30DDR ‘
Initial value : Undefined Undefined 0 0 0 0 0 0
RIW - — W W W W W W

P3DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 3. Bits 7 and 6 are reserved. P3DDR cannot be read; if it is, an undefined value will be
read.

Setting a P3DDR bit to 1 makes the corresponding port 3 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P3DDR is initialized to H'00 (bits 5 to 0) by a reset, and in hardware standby mode. It retains its
prior state in software standby mode. As the SCI is initialized, the pin states are determined by the
P3DDR and P3DR specifications.

Port 3 Data Register (P3DR)

Bit : 7 6 5 4 3 2 1 0
\ — \ — \ P35DR \ P34DR \ P33DR \ P32DR \ P31DR \ P30DR \

Initial value : Undefined Undefined 0 0 0 0 0 0

RIW S— — RIW RIW RIW RIW RIW RIW

P3DR is an 8-bit readable/writable register that stores output data for the port 3 pins (P35 to P3y).
Bits 7 and 6 are reserved; they return an undefined value if read, and cannot be modified.

P3DR is initialized to H'00 (bits 5 to 0) by a reset, and in hardware standby mode. It retains its
prior state in software standby mode.
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\ — \ — \ P35 \ P34 \ P33 \ P32 \ P31 \ P30 \
* * * * * *

Initial value : Undefined Undefined — — — — _ _
R/W : — — R R R R R R

Note: * Determined by state of pins P35 to P3y.

PORTS3 is an 8-bit read-only register that shows the pin states. Writing of output data for the port 3
pins (P35 to P3,) must always be performed on P3DR.

Bits 7 and 6 are reserved; they return an undefined value if read, and cannot be modified.

If a port 3 read is performed while P3DDR bits are set to 1, the P3DR values are read. If a port 3
read is performed while P3DDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORT3 contents are determined by the pin states, as
P3DDR and P3DR are initialized. PORT3 retains its prior state in software standby mode.

Port 3 Open Drain Control Register (P30DR)

Bit : 7 6 5 4 3 2 1 0
\ — \ — \ P350DR \ P340DR \ P330DR \ P320DR \ P310DR \ P300DR \

Initial value : Undefined Undefined 0 0 0 0 0 0

RIW S— — RIW RIW RIW RIW RIW RIW

P30ODR is an 8-bit readable/writable register that controls the PMOS on/off status for each port 3
pin (P35 to P3y).

Bits 7 and 6 are reserved; they return an undefined value if read, and cannot be modified.

Setting a P3ODR bit to 1 makes the corresponding port 3 pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

P30ODR is initialized to H'00 (bits 5 to 0) by a reset, and in hardware standby mode. It retains its
prior state in software standby mode.
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Port 3 pins also function as SCI 1/O pins (TxDg, RXDg, SCKy, TXD;, RXD;, and SCK,). Port 3 pin
functions are shown in table 9.7.

Table 9.7  Port 3 Pin Functions

Pin Selection Method and Pin Functions

P35/SCKy The pin function is switched as shown below according to the combination of
bit C/A in the SCI1 SMR, bits CKEO and CKEL1 in SCR, and bit P35DDR.
CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function P3s P3s SCK;1 SCK;1 SCK;

input pin | output pin™ | output pin® | output pin®| input pin

Note: * When P350DR = 1, the pin becomes an NMOS open-drain output.

P3.4/SCKo The pin function is switched as shown below according to the combination of
bit C/A in the SCIO SMR, bits CKEO and CKE1 in SCR, and bit P34DDR.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P34DDR 0 1 — — —
Pin function P34 P34 SCKo SCKo SCKo

input pin | output pin™ | output pin™ | output pin™| input pin

Note: * When P340DR = 1, the pin becomes an NMOS open-drain output.
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bit RE in the SCI1 SCR, and bit P33DDR.

RE 0 1
P33DDR 0 1 —
Pin function P33 input pin P33 output pin™ RxD1 input pin

Note: * When P330DR = 1, the pin becomes an NMOS open-drain output.

P32/RxDg The pin function is switched as shown below according to the combination of
bit RE in the SCIO SCR, and bit P32DDR.
RE 0 1
P32DDR 0 1 —
Pin function P3; input pin P3, output pin® RxDo input pin
Note: * When P320DR = 1, the pin becomes an NMOS open-drain output.
P31/TxD1 The pin function is switched as shown below according to the combination of
bit TE in the SCI1 SCR, and bit P31DDR.
TE 0 1
P31DDR 0 1 —
Pin function P31 input pin P3; output pin® TxD; output pin
Note: * When P310DR = 1, the pin becomes an NMOS open-drain output.
P30/TxDo The pin function is switched as shown below according to the combination of

bit TE in the SCI0 SCR, and bit P30DDR.

TE 0 1
P30DDR 0 1 —
Pin function P3, input pin P3, output pin® TxDo output pin

Note: * When P300DR = 1, the pin becomes an NMOS open-drain output.
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95.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as A/D converter analog input pins
(AN to AN5) and D/A converter analog output pins (DA and DA,). Port 4 pin functions are the
same in all operating modes. Figure 9.4 shows the port 4 pin configuration.

Port 4 pins

~—>» P4 (input) / AN (input) / DA (output)
~— P4g (input) / ANg (input) / DAy (output)
~—— P45 (input) / AN5 (input)
Port 4 ~—— P4, (input) / AN, (input)
~—— P4, (input) / AN3 (input)
~—— P4, (input) / AN, (input)

~—— P4, (input) / AN (input)

~—— P4, (input) / ANg (input)

Figure 9.4 Port 4 Pin Functions

Rev.6.00 Sep. 27,2007 Page 379 of 1268
REJ09B0220-0600

RENESAS




Table 9.8 shows the port 4 register configuration. Port 4 is an input-only port, and does not have a
data direction register or data register.

Table 9.8 Port 4 Register

Name Abbreviation R/W Initial Value Address™

Port 4 register PORT4 R Undefined H'FF53
Note: * Lower 16 bits of the address.

Port 4 Register (PORT4): The pin states are always read when a port 4 read is performed.

Bit S 6 5 4 3 2 1 0

| P47 | P46 | P45 | P44 | P43 | P42 | P41 | P40 |
Initial value : = —* —* _* _* _* _* _*
RIW . R R R R R R R R

Note: * Determined by state of pins P47 to P4,.

9.5.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANg to AN;) and D/A converter
analog output pins (DA and DA,).
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9.6.1 Overview

Port 5 is a 4-bit 1/O port. Port 5 pins also function as SCI 1/O pins (TxD,, RxD,, and SCK3), the
A/D converter input pin (ADTRG), interrupt input pins (IRQ, to IRQ5), and bus control signal 1/0
pins (WAIT and BREQO). The pin functions can be switched by means of settings in PFCR2 and
SYSCR. IRQ, to IRQ; only are Schmitt-triggered inputs. Figure 9.5 shows the port 5 pin
configuration.

Port 5 pins

~+—» P5, (1/0) / ADTRG (input) / IRQ7 (input) / WAIT (input) / BREQO (output)
~+— P5, (I/0) / SCK; (I/0) / IRQg (input)

Port 5
~+— P5, (I/O) / RXD, (input) / IRQg (input)

= P5, (I/O) / TxD, (output) IRQ, (input)

Pin functions in modes 4 to 6

P5; (1/0) / ADTRG (input) / TRQ; (input) / WAIT (input) / BREQO (output)
P5, (1/0) / SCK, (1/0) / IRQg (input)

P5; (1/0) / RxD, (input) / TRQg (input)

P5, (1/0) / TxD, (output) / TRQ, (input)

Pin functions in mode 7

PS5, (1/0) / ADTRG (input) / TRQ; (input)
PS5, (I/0) / SCK, (1/0) / TRQj (input)
P5, (1/0) / RXD, (input) / IRQg (input)
P5, (1/0) / TxD, (output) / TRQ, (input)

Figure 9.5 Port5 Pin Functions
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Table 9.9 shows the port 5 register configuration.

Table 9.9  Port 5 Registers

Name Abbreviation R/W Initial Value Address™
Port 5 data direction register P5DDR w H'0*? H'FEB4
Port 5 data register P5DR R/W H'0*? H'FF64
Port 5 register PORT5 R Undefined H'FF54
Port function control register 2 PFCR2 R/W H'30 H'FFAC
System control register SYSCR R/W H'01 H'FF39

Notes: 1. Lower 16 bits of the address.
2. Value of bits 3 to 0.

Port 5 Data Direction Register (P5DDR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ — \ — \ P53DDR \ P52DDR \ P51DDR \ P50DDR ‘
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S— — — — W W W W

P5DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 5. Bits 7 to 4 are reserved. PSDDR cannot be read; if it is, an undefined value will be
read.

Setting a P5DDR bit to 1 makes the corresponding port 5 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P5DDR is initialized to H'O (bits 3 to 0) by a reset, and in hardware standby mode. It retains its
prior state in software standby mode. As the SCI is initialized, the pin states are determined by the
P5DDR and P5DR specifications.

Rev.6.00 Sep. 27, 2007 Page 382 of 1268
REJ09B0220-0600

RENESAS



blt . [ o] o] 4 9 Z 1

‘ — ‘ — \ — \ — \ P53DR \ P52DR \ P51DR \ P50DR ‘
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RIW RIW RIW RIW

P5DR is an 8-bit readable/writable register that stores output data for the port 5 pins (P55 to P5y).

Bits 7 to 4 are reserved; they return an undefined value if read, and cannot be modified.

P5DR is initialized to H'O (bits 3 to 0) by a reset, and in hardware standby mode. It retains its prior
state in software standby mode.

Port 5 Register (PORT5)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ — \ — \ P53 \ P52 \ P51 \ P50 ‘
Initial value : Undefined Undefined Undefined Undefined — —* —* - -
RIW : — — — — R R R R

Note: * Determined by state of pins P53 to P5o.

PORTS5 is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 5 pins (P53 to P5q) must always be performed on P5DR.

Bits 7 to 4 are reserved; they return an undefined value if read, and cannot be modified.

If a port 5 read is performed while PSDDR bits are set to 1, the PSDR values are read. If a port 5
read is performed while PSDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORT5 contents are determined by the pin states, as
P5DDR and P5DR are initialized. PORTS5 retains its prior state in software standby mode.
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‘WAITPS ‘BREQOPS‘ CSlG?E‘ CS25E \ ASOD \ — \ — \ — \
Initial value : 0 0 1 1 0 0 0 0
RIW . RW RIW RIW RIW RIW

PFCR2 is an 8-hit readable/writable register that performs 1/0 port control. PFCR2 is initialized to
H'30 by a reset, and in hardware standby mode.

Bit 7—WAIT Pin Select (WAITPS): Selects the WAIT input pin. Set the WAITPS bit before
setting the DDR bit clear to 0 and the WAITE bit in BCRL to 1.

Bit 7

WAITPS Description

0 WAIT input is PF, pin (Initial value)
1 WAIT input is P53 pin

Bit 6—BREQO Pin Select (BREQOPS): Selects the BREQO output pin. Set the BREQOPS bit
before setting the BREQOE bit in BCRL to 1.

Bit 6

BREQOPS  Description

0 BREQO output is PF2 pin (Initial value)
1 BREQO output is P53 pin

Bit 5—CS167 Enable (CS167E): Enables or disables CS1, CS6, and CS7 output. For details, see
section 9.7, Port 6, and section 9.14, Port G.

Bit 4—CS25 Enable (CS25E): Enables or disables CS2, CS3, CS4, and CS5 output. For details,
see section 9.7, Port 6, and section 9.14, Port G.

Bit 3—AS Output Disable (ASOD): Enables or disables AS output. For details, see section 9.13,
Port F.
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‘ — ‘ — \ INTM1 \ INTMO \ NMIEG ‘LWROD‘IRQPAS‘ RAME ‘
Initial value : 0 0 0 0 0 0 0 1
RIW . RW — RIW RIW RIW RIW RIW RIW

SYSCR is an 8-hit readable/writable register that selects the interrupt control mode, controls the
LWR pin, switches the IRQ, to IRQ- input pins, and selects the detected edge for NMI. SYSCR is
initialized to H'01 by a reset, and in hardware standby mode. It is not initialized in software
standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTMZ1, INTMO): These bits select either of
two interrupt control modes for the interrupt controller. For details, see section 5, Interrupt
Controller.

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin. For details, see
section 5, Interrupt Controller.

Bit 2—LWR Output Disable (LWROD): Enables or disables LWR output. For details, see
section 9.13, Port F.

Bit 1—IRQ Port Switching Select (IRQPAS): Selects switching of input pins for IRQ, to IRQ-.
IRQ, to IRQ; input is always performed from one of the ports.

Bit 1

IRQPAS Description

0 PA4 to PA7 used for IRQ4 to IRQ7 input (Initial value)
1 P50 to P53 used for IRQ4 to IRQ7 input

Bit 0—RAM Enable (RAME): Enables or disables on-chip RAM. For details, see section 18,
RAM.
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Port 5 pins also function as SCI 1/O pins (TxD,, RxD,, and SCK3), the A/D converter input pin
(ADTRG), interrupt input pins (IRQ, to IRQ-), and bus control signal I/O pins (WAIT and
BREQO). Port 5 pin functions are shown in table 9.10.

Table 9.10 Port 5 Pin Functions

Pin

Selection Method and Pin Functions

P53/ADTRG/
IRQ7/WAIT/
BREQO

The pin function is switched as shown below according to the combination of
the operating mode, bits TRGS1 and TRGSO in the A/D control register
(ADCR), and bits IRQPAS, WAITE, WAITPS, BREQOE, BREQOPS, and

P53DDR.

Operating mode Modes 4 to 6 Mode 7

[BREQOE - 0 1 —

BREQOPS]

[WAITE - 0 1 0 1 —

WAITPS]

P53DDR 0 1 0 1 — — 0 1

Pin function P53 P5; | WAIT | Setting | BREQO| Setting | P53 P53
input | output | input pro- | output | pro- input | output
pin pin pin hibited pin hibited pin pin

ADTRG input pin™*

IRQ; interrupt input pin™?

Notes: 1. ADTRG input when TRGSO = TRGS1 = 1.
2. TRQy input when IRQPAS = 1.

P5,/SCK/IRQs

The pin function is switched as shown below according to the combination of
bit C/A in the SCI2 SMR, bits CKEO and CKEL1 in SCR, and bits IRQPAS and

P52DDR.

CKE1 0 1

C/IA 0 1 —

CKEO 0 1 — —

P52DDR 0 1 — — —

Pin function P52 P5; SCK> SCK> SCK>
input pin | output pin | output pin | output pin | input pin

IRQs interrupt input pin™

Note: *IRQg input when IRQPAS = 1.
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bit RE in the SCI2 SCR, and bits IRQPAS and P51DDR.

RE 0 1
P51DDR 0 1 —
Pin function P5; input pin P51 output pin RxD; input pin

IRQs interrupt input pin™

Note: *IRQs input when IRQPAS = 1.

P50/TXD2/IRQ4

The pin function is switched as shown below according to the combination of

bit TE in the SCI2 SCR, and bits IRQPAS and P50DDR.

TE 0 1
P50DDR 0 1 —
Pin function P5, input pin P5, output pin TxD; output pin

IRQ; interrupt input pin™

Note: *IRQ4 input when IRQPAS = 1.

RENESAS
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9.7.1 Overview

Port 6 is an 8-bit 1/0 port. Port 6 pins also function as interrupt input pins (IRQ, to TRQs),
DMAC™ 1/0 pins (DREQ,, TEND,, DREQ;, and TEND;), and bus control output pins (CS, to
CS-). The functions of pins P6s to P6, are the same in all operating modes, while the functions of
pins P6;, P6s, P6,, and P6, change according to the operating mode. Switching of CS, to CS-
output can be performed by setting PFCR2. Pins P6; to P6, are Schmitt-triggered inputs. Figure
9.6 shows the port 6 pin configuration.

Note: * The DMAC is not supported in the H8S5/2321.

Port 6 pins Pin functions in modes 4to 6
«—» P6,/IRQ;/CS; P6, (1/0) / TRQ; (input) / CS7 (output)
a—» P6g/IRQ,/ CSq P6g (1/0) / TRQ, (input) / CSe (output)
«— P6;/IRQ; P65 (1/0) / IRQ (input)
Port & - P6,/IRQ, P6, (1/0) / TRQq (input)
~—» P65/ TEND; P65 (1/0) / TEND,™ (output)
«—» P6,/ DREQ, P6, (1/0) / DREQ,* (input)
+— PG,/ TEND,/ CS; P6, (1/0) / TEND,* (output) / CS; (output)
~«—» P6,/ DREQ,/CS, P6, (1/0) / DREQ,* (input) / CS, (output)

Pin functions in mode 7

P6, (1/0) / TRQg (input)

P6g (1/0) / IRQ; (input)

P65 (1/0) / TRQ (input)

P6, (1/0) / TRQ, (input)

P65 (1/0) / TEND,* (output)
P6, (1/0) / DREQ,* (input)
P6, (1/0) / TEND,* (output)
P6y (I/0) / DREQ* (input)

Note: * The TEND,, DREQ,, TEND,, and DREQ, pin functions are not supported in the H8S/2321.

Figure 9.6 Port 6 Pin Functions
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Table 9.11 shows the port 6 register configuration.

Table 9.11 Port 6 Registers

Name Abbreviation R/W Initial Value Address™
Port 6 data direction register P6DDR w H'00 H'FEB5
Port 6 data register P6DR R/W H'00 H'FF65
Port 6 register PORT6 R Undefined H'FF55
Port function control register 2 PFCR2 R/W H'30 H'FFAC

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

Bit : 7 6 5 4 3 2 1 0

‘ P67DDR ‘ P66DDR \ P65DDR \ P64DDR \ P63DDR \ P62DDR \ P61DDR \ P6ODDR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW Y W W W W W W W

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 6. PEBDDR cannot be read; if it is, an undefined value will be read.

Setting a P6DDR bit to 1 makes the corresponding port 6 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

PEDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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\ P67DR \ P66DR \ P65DR \ P64DR \ P63DR \ P62DR \ P61DR \ P6ODR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PEDR is an 8-bit readable/writable register that stores output data for the port 6 pins (P6 to P6y).

P6DR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port 6 Register (PORT6)

Bit : 7 6 5 4 3 2 1 0

‘ P67 ‘ P66 \ P65 \ P64 \ P63 \ P62 \ P61 \ P60 ‘
Initial value : —* _* _* _* _* _* _* _*
RIW : R R R R R R R R

Note: * Determined by state of pins P67 to P6o.

PORTS is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 6 pins (P65 to P6y) must always be performed on P6DR.

If a port 6 read is performed while P6DDR bits are set to 1, the PEDR values are read. If a port 6
read is performed while P6DDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORT6 contents are determined by the pin states, as
P6DDR and P6DR are initialized. PORTG retains its prior state in software standby mode.
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‘WAITPS ‘BREQOPS‘ CSlG?E‘ CS25E \ ASOD \ — \ — \ — \
Initial value : 0 0 1 1 0 0 0 0
RIW . RW RIW RIW RIW RIW

PFCR2 is an 8-hit readable/writable register that performs 1/0 port control. PFCR2 is initialized to
H'30 by a reset, and in hardware standby mode.

Bit 7—WAIT Pin Select (WAITPS): Selects the WAIT input pin. For details, see section 9.6,
Port 5.

Bit 6—BREQO Pin Select (BREQOPS): Selects the BREQO output pin. For details, see section
9.6, Port 5.

Bit 5—CS167 Enable (CS167E): Enables or disables CS;, CS, and CS; output. Clear the DDR
bits to 0 before changing the CS167E bit setting.

Bit 5

CS167E Description

0 CS1, CSs, and CS; output disabled (can be used as 1/O ports)

1 CS;, CSs, and CS; output enabled (Initial value)

Bit 4—CS25 Enable (CS25E): Enables or disables CS,, CS3, CS4, and CSs output. Clear the
DDR bits to 0 before changing the CS25E bit setting.

Bit 4

CS25E Description

0 CS;, CS;3, CS4, and CSs output disabled (can be used as 1/O ports)

1 CS;, CS;3, CS4, and CSs output enabled (Initial value)

Bit 3—As Output Disable (ASOD): Enables or disables AS output. For details, see section 9.13,
Port F.

Bits 2 to 0—Reserved: These bits are always read as 0.
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Port 6 pins also function as interrupt input pins (IRQq to IRQ3), DMAC I/O pins (DREQ,, TEND,,

DREQ;, and TEND,)*, and bus control output pins (CS, to CS;). Port 6 pin functions are shown in

table 9.12.

Table 9.12 Port 6 Pin Functions

Pin

Selection Method and Pin Functions

P67/IRQs/CS;

The pin function is switched as shown below according to the combination of
bits P67DDR and CS167E.

Mode Modes 4 to 6 Mode 7

P67DDR 0 1 0 1

CS167E — 0 1 — —

Pin function P6; input | P67 output | CS7 output | P6 input | P67 output
pin pin pin pin pin

IRQgz interrupt input pin

P66/IRQ./CSs

The pin function is switched as shown below according to the combination of
bits P66DDR and CS167E.

Mode Modes 4 to 6 Mode 7

P66DDR 0 1 0 1

CS167E — 0 1 — —

Pin function P66 input | P6s output | CSg output | P6g input | P66 output
pin pin pin pin pin

IRQ interrupt input pin

P6s/IRQ; The pin function is switched as shown below according to bit PE5DDR.
P65DDR 0 1
Pin function P65 input pin P65 output pin
IRQ: interrupt input pin
P64/1IRQo The pin function is switched as shown below according to bit P64DDR.

P64DDR

0

1

Pin function

P6., input pin

P64 output pin

IRQu interrupt input pin
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bit TEE1™ in the DMAC DMATCR, and bit P63DDR.

TEE1” 0 1
P63DDR 0 1 —
Pin function P63 input pin P63 output pin TEND; output™
P6,/DREQ;” The pin function is switched as shown below according to bit P62DDR.
P62DDR 0 1
Pin function P6, input pin P6, output pin
DREQ; input”
P64/ TENDo*/CSs  The pin function is switched as shown below according to the combination of
bit TEEO™ in the DMAC DMATCR, and bits P61DDR and CS25E.
Mode Modes 4 to 6 Mode 7
TEEO* 0 1 0 1
P61DDR 0 1 — 0 1 —
CS25E — 0 1 — — — —
Pin function P61 P61 CSs |TEND, | P6; P6: | TENDo
input | output | output |output™| input | output | output™
pin pin pin pin pin
P6o/DREQo*/CS, The pin function is switched as shown below according to the combination of

bits P60DDR and CS25E.

Mode Modes 4 to 6 Mode 7
P60DDR 0 1 0 1
CS25E — 0 1 — —
Pin function P6o input | P6o output | CS, output | P6 input | P6o output
pin pin pin pin pin
DREQo input™

Note: * The DMAC and the TEND;, DREQ;, TENDo,, and DREQ pin functions are not supported in
the H8S/2321.
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9.8.1 Overview

Port A is an 8-bit 1/0 port. Port A pins also function as address bus outputs and interrupt input
pins (IRQ, to IRQ-). The pin functions change according to the operating mode. IRQ, to IRQ;
input can be switched to P5q to P55 by setting the IRQPAS bit in SYSCR to 1. The address output
or port output function can be selected by means of bits A23E to A20E in PFCR1.

Port A has a built-in MOS input pull-up function that can be controlled by software. Pins PA; to
PA, are Schmitt-triggered inputs.

Figure 9.7 shows the port A pin configuration.

Port A pins Pin functions in modes 4 and 5
s PA; /Ay / TRQ; PA; (I/0) I A, (output) / TRQ, (input)
e PA;/A,, /TRQq PAg (1/0) I Ay, (output) / TRQg (input)
— PA; /A, /IRQg PAs (1/0) / A (output) / TRQs (input)
porta | PA, / Ay / TRQ, PA, (output) / Ay (output)
- PA;/ A A (output)
— PA,/Ag Aqg (output)
s PA; /A, A7 (output)
—» PAG/ A A (output)
Pin functions in mode 6 Pin functions in mode 7
PA; (1/0) I A3 (output) / TRQ; (input) PA; (1/0) / TRQ7 (input)
PAg (1/0) I Ay, (output) / TRQg (input) PA; (1/0) / TRQg (input)
PAs (1/0) / Ay, (output) / TRQg (input) PA; (1/0) / TRQs (input)
PA, (1/0) I Ay, (output) / TRQ, (input) PA, (1/0) / IRQ, (input)
PA3 (input) / A9 (output) PA; (1/0)
PA, (input) / A;g (output) PA, (1/0)
PA1 (input) / Aj7 (output) PA; (I/0)
PAq (input) / A4 (output) PA, (1/0)

Figure 9.7 Port A Pin Functions
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Table 9.13 shows the port A register configuration.

Table 9.13 Port A Registers

Name Abbreviation R/W Initial Value Address™
Port A data direction register PADDR W H'00 H'FEB9
Port A data register PADR R/W H'00 H'FF69
Port A register PORTA R Undefined H'FF59
Port A MOS pull-up control register PAPCR R/W H'00 H'FF70
Port A open drain control register PAODR R/W H'00 H'FF77
Port function control register 1 PFCR1 R/W H'OF H'FF45
System control register SYSCR R/W H'01 H'FF39

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

Bit : 7 6 5 4 3 2 1 0

‘ PA7DDR ‘ PAGDDR \ PA5DDR \ PA4DDR \ PA3DDR \ PA2DDR \ PA1DDR \ PAODDR‘
Initial value : 0 0 0 0 0 0 0 0
RIW Y W W w W W W W

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port A. PADDR cannot be read; if it is, an undefined value will be read.

PADDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pins
retain their output state or become high-impedance when a transition is made to software standby
mode.
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‘PA?DR ‘PAGDR ‘PASDR ‘PA4DR ‘PABDR ‘PAZDR ‘PAlDR ‘PAODR‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PADR is an 8-bit readable/writable register that stores output data for the port A pins (PA; to
PAy).

PADR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0
‘ PA7 ‘ PA6 \ PA5 \ PA4 \ PA3 \ PA2 \ PA1 \ PAO ‘

Initial value : —* _* _* _* _* _* _* _*

RIW : R R R R R R R R

Note: * Determined by state of pins PA7 to PA,.

PORTA is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA; to PAg) must always be performed on PADR.

If a port A read is performed while PADDR bits are set to 1, the PADR values are read. If a port A
read is performed while PADDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTA contents are determined by the pin states, as
PADDR and PADR are initialized. PORTA retains its prior state in software standby mode.
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‘ PA7PCR ‘ PAGPCR \ PA5PCR \ PA4PCR \ PA3PCR \ PA2PCR \ PA1PCR \ PAOPCR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PAPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port A on an individual bit basis.

All the bits are valid in modes 6 and 7, and bits 7 to 5 are valid in modes 4 and 5. When a PADDR
bit is cleared to 0 (input port setting), setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for the corresponding pin.

PAPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port A Open Drain Control Register (PAODR)

Bit : 7 6 5 4 3 2 1 0
‘ PA7ODR ‘ PAGODR \ PA5ODR \ PA4ODR \ PA3ODR \ PA20DR \ PAL1ODR \ PAOODR‘

Initial value : 0 0 0 0 0 0 0 0

RIW . RMW RIW RIW RIW RIW RIW RIW RIW

PAODR is an 8-bit readable/writable register that controls whether PMQOS is on or off for each
port A pin (PA; to PA,).

PAODR is valid only in mode 7. Do not set PAODR bits to 1 in modes 4 to 6.

Setting a PAODR bit to 1 makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PAODR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Rev.6.00 Sep. 27,2007 Page 397 of 1268
REJ09B0220-0600
RENESAS



blt . [ o] o] 4 9 Z 1

— \ A23E \ A22E \ A21E \ A20E \
Initial value : 0 0 0 0 1 1 1 1
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PFCRL1 is an 8-hit readable/writable register that performs 1/0 port control. PFCRL1 is initialized to
H'OF by a reset, and in hardware standby mode.

Bits 7 to 4—Reserved: Only 0 should be written to these bits.

Bit 3—Address 23 Enable (A23E): Enables or disables address output 23 (A,3). This bit is valid
in modes 4 to 6.

Bit 3

A23E Description

0 DR is output when PA7DDR =1

1 A is output when PA7DDR =1 (Initial value)

Bit 2—Address 22 Enable (A22E): Enables or disables address output 22 (A,,). This bit is valid
in modes 4 to 6.

Bit 2

A22E Description

0 DR is output when PA6DDR =1

1 A is output when PA6DDR =1 (Initial value)

Bit 1—Address 21 Enable (A21E): Enables or disables address output 21 (A,,). This bit is valid
in modes 4 to 6.

Bit 1

A21E Description

0 DR is output when PASDDR =1

1 A is output when PASDDR =1 (Initial value)
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Bit 0

A20E Description
0 DR is output when PA4DDR =1
1 Az is output when PA4DDR =1 (Initial value)

System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ INTM1 \ INTMO \ NMIEG ‘LWROD‘IRQPAS‘ RAME ‘
Initial value : 0 0 0 0 0 0 0 1
RIW . RW — RIW RIW RIW RIW RIW RIW

Bit 7—Reserved: Only 0 should be written to this bit.
Bit 6—Reserved: This bit is always read as 0, and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTMZ1, INTMO): These bits select either of
two interrupt control modes for the interrupt controller. For details of the interrupt control modes,
see section 5.4.1, Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4 Interrupt

INTM1 INTMO Control Mode Description

0 0 0 Interrupt control by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupt control by bits 12 to 10
1 — Setting prohibited

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

Bit 3

NMIEG Description

0 Interrupt requested at falling edge of NMI input (Initial value)
1 Interrupt requested at rising edge of NMI input
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LWROD Description
0 PF; is designated as LWR output pin (Initial value)
1 PF; is designated as I/O port, and does not function as LWR output pin

Bit 1—IRQ Port Switching Select (IRQPAS): Selects switching of input pins for IRQ, to IRQ-.
IRQ, to IRQ; input is always performed from one of the ports.

Bit 1

IRQPAS Description

0 PA4 to PA7 used for IRQ4 to IRQ7 input (Initial value)
1 P5 to P53 used for IRQ4 to IRQ7 input

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

Bit 0

RAME Description

0 On-chip RAM disabled

1 On-chip RAM enabled (Initial value)

9.8.3 Pin Functions

Port A pins function as address outputs, interrupt input pins (IRQ, to IRQ-), and 1/O ports. Port A
pin functions are shown in table 9.14.
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PA7/A23/IRQ7 The pin function is switched as shown below according to the combination of
the operating mode and bits A23E and PA7DDR.
Operating Modes 4 to 6 Mode 7
mode
A23E 0 1 —
PA7DDR 0 1 0 1 0 1
Pin function PA7 PA7 PA; Az PA7 PA7
input pin |output pin| input pin |output pin| input pin | output
pin*?
IRQ; interrupt input pin™*

Notes: 1. IRQy input when IRQPAS = 0.
2. NMOS open-drain output when PA70DR = 1.

PAs/A2/IRQs The pin function is switched as shown below according to the combination of
the operating mode and bits A22E and PA6DDR.
Operating Modes 4 to 6 Mode 7
mode
A22E 0 1 —
PA6DDR 0 1 0 1 0 1
Pin function PAg PAs PAs A2 PAs PAs
input pin |output pin| input pin |output pin| input pin | output
pin*?
IRQs interrupt input pin™*

Notes: 1. IRQs input when IRQPAS = 0.
2. NMOS open-drain output when PA6ODR = 1.

PAs/A21/IRQs The pin function is switched as shown below according to the combination of
the operating mode and bits A21E and PASDDR.
Operating Modes 4 to 6 Mode 7
mode
A21E 0 1 —
PASDDR 0 1 0 1 0 1
Pin function PA5 PA5 PA5 A21 PA5 PA5
input pin |output pin| input pin |output pin| input pin | output
pin*?
IRQs interrupt input pin™*

Notes: 1. IRQs input when IRQPAS = 0.
2. NMOS open-drain output when PASODR = 1.
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the operating mode and bits A20E and PA4DDR.

Operating Modes 4 and 5 Mode 6 Mode 7
mode

A20E 0 1 0 1 —

PA4DDR 0 1 — 0 1 0 1 0 1
Pin function Setting PAs | Ax | PAs | PAs | PAs | Ax | PAs | PAy
pro- |output|output| input |output| input |output| input |output
hibited| pin pin pin pin pin pin pin pin*2
IRQq interrupt input pin™*

Notes: 1. IRQq input when IRQPAS = 0. Note that in this state in modes 4
and 5, although the pin designation is output-only, IRQ4 input is
also performed.

2. NMOS open-drain output when PA4AODR = 1.

PAs/A1g
PA2/A1s
PA1/A17
PAo/Azs

The pin function is switched as shown below according to the combination of
the operating mode and bit PAnDDR.

Operating Modes Mode 6 Mode 7
mode 4 and5
PANDDR™ — 0 1 0 1
Pin function| Am output PA, Am output PA, PA,
.ol . P P . s k1
pin input pin pin input pin output
pin** *?

Notes: 1. n=0to3, m=161to 19
2. PAn output is NMOS open-drain output when PANODR = 1.
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Port A has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used by pins PA; to PAs in modes 4 and 5, and by all pins in modes
6 and 7. MOS input pull-up can be specified as on or off on an individual bit basis.

When a PADDR bit is cleared to 0, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9.15 summarizes the MOS input pull-up states.

Table 9.15 MOS Input Pull-Up States (Port A)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
6,7 PA7 to PAg Off Off On/off On/off
4,5 PA7 to PAs On/off On/off
PAs to PAg Off Off

Legend:
Off: MOS input pull-up is always off.
On/off: On when PADDR = 0 and PAPCR = 1; otherwise off.
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9.9.1 Overview

Port B is an 8-bit I/0 port. Port B has an address bus output function, and the pin functions change
according to the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.8 shows the port B pin configuration.

Port B pins Pin functions in modes 4 and 5
— PB; /A5 Aqs (output)
— PBg/ A, A4 (output)
> PBs/Ag; A, (output)
~—» PB,/A;» Ay, (output)
POMB e PBy/A, Ay (output)
e PBy/ Ao Aj (output)
~—» PB;/Ag Ag (output)
—» PB;/Ag Ag (output)
Pin functions in mode 6 Pin functions in mode 7
PB- (input) / A5 (output) PB- (1/0)
PBg (input) / A4 (output) PBg (1/0)
PBs (input) / A3 (output) PBs (1/0)
PBy, (input) / A;, (output) PB, (1/0)
PB; (input) / Ay (output) PB; (1/0)
PB, (input) / A1 (output) PB, (I/0)
PB; (input) / Ag (output) PB, (1/0)
PBg (input) / Ag  (output) PBy (1/0)

Figure 9.8 Port B Pin Functions
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Table 9.16 shows the port B register configuration.

Table 9.16 Port B Registers

Name Abbreviation R/W Initial Value Address™
Port B data direction register PBDDR W H'00 H'FEBA
Port B data register PBDR R/W H'00 H'FF6A
Port B register PORTB R Undefined H'FF5A
Port B MOS pull-up control register PBPCR R/W H'00 HFF71

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0

‘ PB7DDR ‘ PB6DDR \ PB5DDR \ PB4DDR \ PB3DDR \ PB2DDR \ PB1DDR \ PBODDR‘
Initial value : 0 0 0 0 0 0 0 0
RIW Y W W W W W W W

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pins
retain their output state or become high-impedance when a transition is made to software standby
mode.

e Modes 4 and 5
The corresponding port B pins are address outputs irrespective of the value of the PBDDR bits.

e Mode 6

Setting a PBDDR bit to 1 makes the corresponding port B pin an address output, while
clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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‘PB?DR ‘PBGDR ‘PBSDR ‘PB4DR ‘PBBDR ‘PBZDR ‘PBlDR ‘PBODR‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PBDR is an 8-bit readable/writable register that stores output data for the port B pins (PB; to PBy).
PBDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0

‘ PB7 ‘ PB6 \ PB5 \ PB4 \ PB3 \ PB2 \ PB1 \ PBO ‘
Initial value : —* . = _* _* _* _* _*
RIW : R R R R R R R R

Note: * Determined by state of pins PB7 to PBy.

PORTB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB- to PBy) must always be performed on PBDR.

If a port B read is performed while PBDDR bits are set to 1, the PBDR values are read. If a port B
read is performed while PBDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTB contents are determined by the pin states, as
PBDDR and PBDR are initialized. PORTB retains its prior state in software standby mode.

Rev.6.00 Sep. 27, 2007 Page 406 of 1268
REJ09B0220-0600

RENESAS



=11} . 4 o o

4

| ‘ PB7PCR ‘ PB6PCR \ PB5PCR \ PB4PCR \ PB3PCR \ PB2PCR \ PB1PCR \ PBOPCR ‘

Initial value : 0 0 0

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

0 0
R/W

R/W

0 0
R/W R/W

PBPCR is an 8-bit readable/writable register that controls the MOS input pull-up function

incorporated into port B on an individual bit basis.

When a PBDDR bit is cleared to 0 (input port setting) in mode 6 or 7, setting the corresponding

PBPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PBPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in

software standby mode.

9.9.3 Pin Functions

Modes 4 and 5: In modes 4 and 5, port B pins are automatically designated as address outputs.

Port B pin functions in modes 4 and 5 are shown in figure 9.9.

Port B

A5 (output)
A4 (output)
A3 (output)
A1, (output)
A1, (output)
Aqq (output)
Ag (output)
Ag (output)

Figure 9.9 Port B Pin Functions (Modes 4 and 5)
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an address output, while clearing the bit to 0 makes the pin an input port.

Port B pin functions in mode 6 are shown in figure 9.10.

When PBDDR =1 When PBDDR =0
~—» A, (output) PB; (input)
~— A,, (output) PBg (input)
~— A, (output) PBs (input)

PortB [ Aj, (output) PB, (input)
~—>» A, (output) PB3 (input)
~— A, (output) PB, (input)
~— A, (output) PB; (input)
— Ag (output) PBy (input)

Figure 9.10 Port B Pin Functions (Mode 6)

Mode 7: In mode 7, port B pins function as 1/0 ports. Input or output can be specified for each pin
on an individual bit basis. Setting a PBDDR bit to 1 makes the corresponding port B pin an output
port, while clearing the bit to 0 makes the pin an input port.

Port B pin functions in mode 7 are shown in figure 9.11.

When PBDDR =1 When PBDDR =0
~—» A, (output) PB; (input)
~— A,, (output) PBg (input)
~— A, (output) PBs (input)

PortB [ Aj, (output) PB, (input)
~—> A, (output) PB3 (input)
~— A, (output) PB, (input)
~— Ay (output) PB; (input)
— Ag (output) PBy (input)

Figure 9.11 Port B Pin Functions (Mode 7)
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Port B has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individual bit basis.

When a PBDDR bit is cleared to 0 in mode 6 or 7, setting the corresponding PBPCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9.17 summarizes the MOS input pull-up states.

Table 9.17 MOS Input Pull-Up States (Port B)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
4,5 Off Off Off Off
6,7 On/off On/off

Legend:
Off: MOS input pull-up is always off.
On/off: On when PBDDR = 0 and PBPCR = 1; otherwise off.
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9.10.1 Overview

Port C is an 8-bit I/0 port. Port C has an address bus output function, and the pin functions change
according to the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.12 shows the port C pin configuration.

Port C pins Pin functions in modes 4 and 5
s PC, /A7 A7 (output)
— PCq/Aq Ag (output)
a— PCg/Ag As (output)
potc [ PC,/ A4 A, (output)
- PC,/Ag Az (output)
- PC,/A, A, (output)
~—» PC;/A; A (output)
—» PC,/A, Aq (output)
Pin functions in mode 6 Pin functions in mode 7
PC; (input) / A; (output) PC; (I/0)
PCg (input) / Ag (output) PCs (1/0)
PCs (input) / Ag (output) PCs (I/0)
PC, (input) / A, (output) PC, (I/0)
PC; (input) / Az (output) PC; (I/0)
PC, (input) / A, (output) PC, (1/0)
PC, (input) / A, (output) PC, (/0)
PC, (input) / Ag (output) PC, (1/0)

Figure 9.12 Port C Pin Functions
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Table 9.18 shows the port C register configuration.

Table 9.18 Port C Registers

Name Abbreviation R/W Initial Value Address™
Port C data direction register PCDDR w H'00 H'FEBB
Port C data register PCDR R/W H'00 H'FF6B
Port C register PORTC R Undefined H'FF5B
Port C MOS pull-up control register PCPCR R/W H'00 H'FF72

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit : 7 6 5 4 3 2 1 0

‘ PC7DDR ‘ PC6DDR \ PC5DDR \ PC4DDR \ PC3DDR \ PC2DDR \ PC1DDR \ PCODDR‘
Initial value : 0 0 0 0 0 0 0 0
RIW Y W W W W W W W

PCDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pins
retain their output state or become high-impedance when a transition is made to software standby
mode.

e Modes 4 and 5
The corresponding port C pins are address outputs irrespective of the value of the PCDDR bits.

e Mode 6

Setting a PCDDR bit to 1 makes the corresponding port C pin an address output, while
clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.

Rev.6.00 Sep. 27,2007 Page 411 of 1268
REJ09B0220-0600

RENESAS



blt . [ o] o] 4 9 Z 1

‘PC?DR ‘PCGDR‘ PC5DR ‘PC4DR ‘PC3DR ‘PCZDR ‘PClDR ‘PCODR‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PCDR is an 8-bit readable/writable register that stores output data for the port C pins (PC; to PCy).

PCDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port C Register (PORTC)

Bit : 7 6 5 4 3 2 1 0

‘ PC7 ‘ PC6 \ PC5 \ PC4 \ PC3 \ PC2 \ PC1 \ PCO ‘
Initial value : —* _* _* _* _* _* _* _*
RIW : R R R R R R R R

Note: * Determined by state of pins PC7 to PC,.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC; to PCy) must always be performed on PCDR.

If a port C read is performed while PCDDR bits are set to 1, the PCDR values are read. If a port C
read is performed while PCDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTC contents are determined by the pin states, as
PCDDR and PCDR are initialized. PORTC retains its prior state in software standby mode.
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\ PC7PCR \ PCBPCR \ PC5PCR \ PC4PCR \ PC3PCR \ PC2PCR \ PC1PCR \ PCOPCR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PCPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individual bit basis.

When a PCDDR bit is cleared to 0 (input port setting) in mode 6 or 7, setting the corresponding
PCPCR bit to 1 turns on the MQOS input pull-up for the corresponding pin.

PCPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

9.10.3  Pin Functions
Modes 4 and 5: In modes 4 and 5, port C pins are automatically designated as address outputs.

Port C pin functions in modes 4 and 5 are shown in figure 9.13.

— A, (output)
— Ag (output)
— Ag (output)
Port C — A, (output)
— Ag (output)

— A, (output)

— A, (output)

— A, (output)

Figure 9.13 Port C Pin Functions (Modes 4 and 5)
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an address output, while clearing the bit to 0 makes the pin an input port.

Port C pin functions in mode 6 are shown in figure 9.14.

When PCDDR =1 When PCDDR =0
~—» A, (output) PC; (input)
~— Ag (output) PCg (input)
~—> A (output) PCs (input)

Port C — A, (output) PC, (input)
— A, (output) PC; (input)
— A, (output) PC, (input)
— A, (output) PC; (input)
~— A, (output) PCy (input)

Figure 9.14 Port C Pin Functions (Mode 6)

Mode 7: In mode 7, port C pins function as 1/0 ports. Input or output can be specified for each pin
on an individual bit basis. Setting a PCDDR bit to 1 makes the corresponding port C pin an output
port, while clearing the bit to 0 makes the pin an input port.

Port C pin functions in mode 7 are shown in figure 9.15.

~+— PC (I/O)
e PC (1/0)
e PC; (1/0)
potc |+ o PCa(VO)
<= PC, (1/0)
- PC, (I/0)

<= PC, (I/0)

- PC, (I/0)

Figure 9.15 Port C Pin Functions (Mode 7)
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Port C has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individual bit basis.

When a PCDDR bit is cleared to 0 in mode 6 or 7, setting the corresponding PCPCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9.19 summarizes the MOS input pull-up states.

Table 9.19 MOS Input Pull-Up States (Port C)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
4,5 Off Off Off Off
6,7 On/off On/off

Legend:
Off: MOS input pull-up is always off.
On/off: On when PCDDR = 0 and PCPCR = 1; otherwise off.

Rev.6.00 Sep. 27,2007 Page 415 of 1268
REJ09B0220-0600

RENESAS



9.11.1  Overview

Port D is an 8-bit 1/0 port. Port D has a data bus 1/0 function, and the pin functions change
according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.16 shows the port D pin configuration.

Port D pins Pin functions in modes 4 to 6
~—» PD;/D;5 D45 (1/0)
~—» PDg /Dy, D44 (1/0)
~— PD; /D3 D43 (1/0)
portdD |+ ™ PD4 /Dy, Dy, (1/0)
~t— PD,/Dyy D44 (1/0)
~— PD, /Dy, Dyq (1/0)
— PD, /Dy Dy (I/O)
~+— PD,/Dg Dg (I/O)

Pin functions in mode 7

PD; (I/0)
PDy (I/0)
PDj (I/O)
PD, (I/0)
PD; (I/O)
PD, (I/O)
PD, (I/O)
PD, (I/0)

Figure 9.16 Port D Pin Functions
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Table 9.20 shows the port D register configuration.

Table 9.20 Port D Registers

Name Abbreviation R/W Initial Value Address™
Port D data direction register PDDDR w H'00 H'FEBC
Port D data register PDDR R/W H'00 H'FF6C
Port D register PORTD R Undefined H'FF5C
Port D MOS pull-up control register PDPCR R/W H'00 H'FF73

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit : 7 6 5 4 3 2 1 0

‘ PD7DDR ‘ PD6DDR \ PDSDDR \ PD4DDR \ PD3DDR \ PD2DDR \ PD1DDR \ PDODDR‘
Initial value : 0 0 0 0 0 0 0 0
RIW Y W W W W W W W

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

PDDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

e Modes4to6

The input/output direction specification by PDDDR is ignored, and port D is automatically
designated for data 1/0.

e Mode?7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.
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‘PD?DR ‘PDGDR‘ PD5DR ‘PD4DR ‘PD3DR ‘PDZDR ‘PDlDR ‘PDODR‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PDDR is an 8-hit readable/writable register that stores output data for the port D pins (PD; to
PDy).

PDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0
‘ PD7 ‘ PD6 \ PD5 \ PD4 \ PD3 \ PD2 \ PD1 \ PDO ‘

Initial value : —* _* _* _* _* _* _* _*

RIW : R R R R R R R R

Note: * Determined by state of pins PD; to PDo.

PORTD is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD- to PDy) must always be performed on PDDR.

If a port D read is performed while PDDDR bits are set to 1, the PDDR values are read. If a port D
read is performed while PDDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTD contents are determined by the pin states, as
PDDDR and PDDR are initialized. PORTD retains its prior state in software standby mode.
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‘ PD7PCR ‘ PD6PCR \ PD5PCR \ PD4PCR \ PD3PCR \ PD2PCR \ PD1PCR \ PDOPCR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PDPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

When a PDDDR bit is cleared to O (input port setting) in mode 7, setting the corresponding
PDPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PDPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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Modes 4 to 6: In modes 4 to 6, port D pins are automatically designated as data 1/O pins.

Port D pin functions in modes 4 to 6 are shown in figure 9.17.

> D5 (I/0)
> Dy, (/0)
—> D, (I/0)
potp [+~ Prz(/O)
~—> D,, (I/0)
—> D, (I/0)
+— Dg (I/O)

~—>» Dg (I/O)

Figure 9.17 Port D Pin Functions (Modes 4 to 6)

Mode 7: In mode 7, port D pins function as I/O ports. Input or output can be specified for each pin
on an individual bit basis. Setting a PDDDR bit to 1 makes the corresponding port D pin an output
port, while clearing the bit to 0 makes the pin an input port.

Port D pin functions in mode 7 are shown in figure 9.18.

~—» PD- (I/O)
~+— PD; (I/O)
~— PD; (I/O)
portp |+~ PPa(VO)
—» PD; (I/O)
—» PD, (I/O)

- PD; (I/O)

- PDy, (I/O)

Figure 9.18 Port D Pin Functions (Mode 7)
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Port D has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in mode 7, and can be specified as on or off on an individual bit
basis.

When a PDDDR bit is cleared to 0 in mode 7, setting the corresponding PDPCR bit to 1 turns on
the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9.21 summarizes the MOS input pull-up states.

Table 9.21 MOS Input Pull-Up States (Port D)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
4106 Off Off Off Off
7 On/off On/off

Legend:
Off: MOS input pull-up is always off.
On/off: On when PDDDR = 0 and PDPCR = 1; otherwise off.
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9.12.1  Overview

Port E is an 8-bit 1/0 port. Port E has a data bus 1/O function, and the pin functions change
according to the operating mode and whether 8-bit or 16-bit bus mode is selected.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.19 shows the port E pin configuration.

Port E pins Pin functions in modes 4 to 6
< PE;/D; PE, (I/0) / D, (1/O)
<> PEs/Ds PE; (I/0) / Dg (1/O)
< PE;/Ds PEs (1/0) / Dg (1/O)
portE [+~ PEa/Ds PE, (1/0) / D4 (1/0)
< PE3/D; PE3 (I/0) / Dy (1/O)
< PE;/D; PE, (I/0) / D, (1/O)
< PE,/D; PE; (I/0) / D, (1/O)
< PEy/ D, PE, (I/0) / Dy (1/O)

Pin functions in mode 7

PE, (1/0)
PEs (1/0)
PEs (1/0)
PE, (1/0)
PE, (1/0)
PE, (1/0)
PE, (1/0)
PE, (1/0)

Figure 9.19 Port E Pin Functions
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Table 9.22 shows the port E register configuration.

Table 9.22 Port E Registers

Name Abbreviation R/W Initial Value Address™
Port E data direction register PEDDR w H'00 H'FEBD
Port E data register PEDR R/W H'00 H'FF6D
Port E register PORTE R Undefined H'FF5D
Port E MOS pull-up control register PEPCR R/W H'00 H'FF74

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit : 7 6 5 4 3 2 1 0

| PE7DDR | PE6DDR| PESDDR | PE4DDR | PE3DDR | PE2DDR | PE1IDDR | PEODDR |
Initial value : 0 0 0 0 0 0 0 0
RIW W w W W W W W W

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

e Modes4to6

When 8-bit bus mode has been selected, port E pins function as 1/O ports. Setting a PEDDR bit
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the
pin an input port.

When 16-bit bus mode has been selected, the input/output direction specification by PEDDR is
ignored, and port E is designated for data 1/0O.

For details of 8-bit and 16-bit bus modes, see section 6, Bus Controller.

e Mode?7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing the
bit to 0 makes the pin an input port.
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‘ PE7DR ‘ PE6DR \ PESDR \ PE4DR \ PE3DR \ PE2DR \ PE1DR \ PEODR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PEDR is an 8-bit readable/writable register that stores output data for the port E pins (PE; to PEy).

PEDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0

‘ PE7 ‘ PE6 \ PE5 \ PE4 \ PE3 \ PE2 \ PE1 \ PEO ‘
Initial value : —* _* _* _* _* _* _* _*
RIW : R R R R R R R R

Note: * Determined by state of pins PE7 to PE,.

PORTE is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE; to PEg) must always be performed on PEDR.

If a port E read is performed while PEDDR bits are set to 1, the PEDR values are read. If a port E
read is performed while PEDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTE contents are determined by the pin states, as
PEDDR and PEDR are initialized. PORTE retains its prior state in software standby mode.
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‘ PE7PCR ‘ PEGPCR \ PE5PCR \ PE4PCR \ PE3PCR \ PE2PCR \ PE1PCR \ PEOPCR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.

When a PEDDR bit is cleared to 0 (input port setting) in mode 4, 5, or 6 with 8-bit bus mode
selected, or in mode 7, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up
for the corresponding pin.

PEPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

9.12.3  Pin Functions

Modes 4 to 6: In modes 4 to 6, when 8-bit access is designated and 8-bit bus mode is selected,
port E pins are automatically designated as 1/O ports. Setting a PEDDR bit to 1 makes the
corresponding port E pin an output port, while clearing the bit to 0 makes the pin an input port.

When 16-bit bus mode is selected, the input/output direction specification by PEDDR is ignored,
and port E is designated for data 1/0.

Port E pin functions in modes 4 to 6 are shown in figure 9.20.
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—» PE, (I/O) D, (1/0)
- PE (1/0) Dg (1/0)
~— PE; (I/O) Dg (1/0)
potE [+ PE«(/O) D, (1/0)
- PE, (I/O) D, (1/0)
- PE, (I/O) D, (I/0)
s PE, (I/0) D, (1/O)
- PE, (I/0) D, (1/0)

Figure 9.20 Port E Pin Functions (Modes 4 to 6)

Mode 7: In mode 7, port E pins function as 1/O ports. Input or output can be specified for each pin
on a bit-by-bit basis. Setting a PEDDR hit to 1 makes the corresponding port E pin an output port,
while clearing the bit to 0 makes the pin an input port.

Port E pin functions in mode 7 are shown in figure 9.21.

<= PE, (/0)
«—» PE, (I/0)
«—» PE; (I/0)
pote [+ PE(VO)
<> PE, (I/0)
- PE, (I/0)

<= PE, (I/0)

<> PE, (I/0)

Figure 9.21 Port E Pin Functions (Mode 7)
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Port E has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 4 to 6 when 8-bit bus mode is selected, or in mode 7,
and can be specified as on or off on an individual bit basis.

When a PEDDR bit is cleared to 0 in mode 4, 5, or 6 when 8-bit bus mode is selected, or in mode
7, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9.23 summarizes the MOS input pull-up states.

Table 9.23 MOS Input Pull-Up States (Port E)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
7 Off Off On/off On/off
4106 8-bit bus
16-bit bus Off Off
Legend:

Off: MOS input pull-up is always off.
On/off: On when PEDDR = 0 and PEPCR = 1; otherwise off.
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9.13.1 Overview

Port F is an 8-bit 1/0 port. Port F pins also function as bus control signal input/output pins (AS,
RD, HWR, LWR, LCAS™, WAIT, BREQO, BREQ, and BACK) and the system clock (¢) output
pin. The AS, LWR, and BREQO output pins can be switched by means of settings in PFCR2 and
SYSCR.

Figure 9.22 shows the port F pin configuration.

Note: * LCAS is not supported in the H8S/2321.

Port F pins Pin functions in modes 4 to 6
— PF,/¢ PF; (input) / ¢ (output)
—» PF;/AS PF¢ (I/0) / AS (output)
~«—» PF;/RD RD (output)
O PF,/ HWR HWR (output)
~— PF;/LWR PF; (I/0) / LWR (output)
«—» PF,/LCAS*/WAIT/BREQO PF, (1/0) / LCAS™ (output) / WAIT (input) / BREQO (output)
~—» PF,/BACK PF, (I/0) / BACK (output)
—» PF,/BREQ PF, (I/0) / BREQ (input)

Pin functions in mode 7
PF; (input) / ¢ (output)
PFg (1/0)

PFs (1/0)

PF, (/0)

PF; (1/0)

PF, (I/O)

PF, (/0)

PF, (1/0)

Note: * LCAS is not supported in the H8S/2321.

Figure 9.22 Port F Pin Functions
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Table 9.24 shows the port F register configuration.

Table 9.24 Port F Registers

Name Abbreviation R/W Initial Value Address™
Port F data direction register PFDDR w H'80/H'00™ H'FEBE
Port F data register PFDR R/W H'00 H'FF6E
Port F register PORTF R Undefined H'FF5E
Port function control register 2 PFCR2 R/W H'30 H'FFAC
System control register SYSCR R/W H'01 H'FF39

Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.

Port F Data Direction Register (PFDDR)

Bit : 7 6 5 4 3 2 1 0
‘ PF7DDR ‘ PF6DDR \ PF5DDR \ PF4DDR \ PF3DDR \ PF2DDR \ PF1DDR \ PFODDR ‘

Modes 4 to 6

Initial value : 1 0 0 0 0 0 0 0

RIW SRY W W W W W W W
Mode 7

Initial value : 0 0 0 0 0 0 0 0

RIW SRY W W W W W W W

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDR is initialized by a reset, and in hardware standby mode, to H'80 in modes 4 to 6, and to
H'00 in mode 7. It retains its prior state in software standby mode. The OPE bit in SBYCR is used
to select whether the bus control output pins retain their output state or become high-impedance
when a transition is made to software standby mode.
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‘PF?DR ‘PFGDR ‘PFSDR ‘PF4DR ‘PFSDR ‘PFZDR ‘PFlDR ‘PFODR
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PFDR is an 8-bit readable/writable register that stores output data for the port F pins (PF7 to PFO0).

PFDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port F Register (PORTF)

Bit .7 6 5 4 3 2 1 0

| PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PFL | PFO |
Initial value : —* = . = _* = _* _=
RIW © R R R R R R R R

Note: * Determined by state of pins PF7 to PF,.

PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF; to PFy) must always be performed on PFDR.

If a port F read is performed while PFDDR bits are set to 1, the PFDR values are read. If a port F
read is performed while PFDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTF contents are determined by the pin states, as
PFDDR and PFDR are initialized. PORTF retains its prior state in software standby mode.
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‘WAITPS‘BREQOPS‘CSlG?E‘ CS25E \ ASOD \ — \ — \ — \
Initial value : 0 0 1 1 0 0 0 0
RIW . RW RIW RIW RIW RIW

PFCR2 is an 8-hit readable/writable register that performs 1/0 port control. PFCR2 is initialized to
H'30 by a reset, and in hardware standby mode.

Bit 7—WAIT Pin Select (WAITPS): Selects the WAIT input pin. Set the WAITPS bit before
setting the DDR bit clear to 0 and the WAITE bit in BCRL to 1.

Bit 7

WAITPS Description

0 WAIT input is pin PF» (Initial value)
1 WAIT input is pin P53

Bit 6—BREQO Pin Select (BREQOPS): Selects the BREQO output pin. Set the BREQOPS bhit
before setting the BREQOE bit in BCRL to 1.

Bit 6

BREQOPS Description

0 BREQO output is pin PF; (Initial value)
1 BREQO output is pin P53

Bit 5—CS167 Enable (CS167E): Enables or disables CS;, CSs, and CS; output. For details, see
section 9.7, Port 6, and section 9.14, Port G.

Bit 4—CS25 Enable (CS25E): Enables or disables CS,, CSz, CS4, and CSs output. For details,
see section 9.7, Port 6, and section 9.14, Port G.

Bit 3—AS Output Disable (ASOD): Enables or disables AS output. This bit is valid in modes 4
to 6.

Bit 3

ASOD Description

0 PFs is used as AS output pin (Initial value)
1 PF; is designated as 1/0 port, and does not function as AS output pin
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SYSLEmM Lontrol ReGISLEr (oYoLkK)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ INTM1 \ INTMO \ NMIEG ‘LWROE‘IRQPAS‘ RAME ‘
Initial value : 0 0 0 0 0 0 0 1
RIW . RMW — RIW RIW RIW RIW RIW RIW

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, controls the
LWR pin, switches the IRQ, to IRQ- input pins, and selects the detected edge for NMI. SYSCR is
initialized to H'01 by a reset, and in hardware standby mode. It is not initialized in software
standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTMZ1, INTMO): These bits select either of
two interrupt control modes for the interrupt controller. For details, see section 5, Interrupt
Controller.

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin. For details, see
section 5, Interrupt Controller.

Bit 2—LWR Output Disable (LWROD): Enables or disables LWR output. This bit is valid in
modes 4 to 6.

Bit 2

LWROD Description

0 PF; is designated as LWR output pin (Initial value)
1 PF; is designated as I/O port, and does not function as LWR output pin

Bit 1—IRQ Port Switching Select (IRQPAS): Selects switching of input pins for IRQ, to IRQ-.
For details, see section 9.6, Port 5.

Bit 0—RAM Enable (RAME): Enables or disables on-chip RAM. For details, see section 18,
RAM.
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Port F pins also function as bus control signal input/output pins (AS, RD, HWR, LWR, LCAS™,

WAIT, BREQO, BREQ, and BACK) and the system clock (¢) output pin. The pin functions differ
between modes 4 to 6, and mode 7. Port F pin functions are shown in table 9.25.

Note: * The LCAS is not supported in the H8S/2321.

Table 9.25 Port F Pin Functions

Pin Selection Method and Pin Functions
PF7/¢ The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF7 input pin ¢ output pin
PFs/AS The pin function is switched as shown below according to the operating mode,
bit PF6DDR, and bit ASOD in PFCR2.
Operating Modes 4 to 6 Mode 7
Mode
ASOD 0 1 —
PF6DDR — 0 1 0 1
Pin function AS output | PFginput | PFs output | PFginput | PFs output
pin pin pin pin pin
PFs/RD The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating Modes 4 to 6 Mode 7
Mode
PF5DDR — 0 1
Pin function RD output pin PFs input pin PFs output pin
PF4/HWR The pin function is switched as shown below according to the operating mode

and bit PF4DDR.

Operating Modes 4 to 6 Mode 7

Mode

PF4DDR — 0 1

Pin function HWR output pin PF,4 input pin PF,4 output pin
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bit PF3DDR, and bit LWROD in SYSCR.

Operating Modes 4 to 6 Mode 7

Mode

LWROD 0 1 —

PF3DDR — 0 1 0 1

Pin function LWR PF3 PF3 PF3 PF;
output pin | input pin | output pin | input pin | output pin

PF,/LCAS™*/WAIT/ The pin function is switched as shown below according to the combination of

BREQO the operating mode, and bits RMTS2 to RMTS0™, BREQOE, WAITE, ABW5
to ABW2, BREQOPS, WAITPS, and PF2DDR.
Operating Mode Modes 4 to 6 Mode 7
[DRAM space 0 1 —
L k2
setting] -
[16-bit access
setting]
[BREQOE - 0 1 — —
BREQOPS]
[WAITE - 0 1 0 1 — —
WAITPS]
PF2DDR 0 1 0 1 — — — 0 1
Pin function PF, PF, WAIT | Setting |BREQO| Setting | LCAS PF; PF;
input | output inpui pro- output | pro- outplét input | output
pin pin | pin*" | hibited | pin | hibited | pin™ pin pin

Notes: 1. When DRAM space is designated for 8-bit access and PF; is used
as the WAIT input, this pin can be used for WAIT input when all
areas selected as DRAM space are 8-bit space and normal space
other than DRAM space is 16-bit space.

2. The DRAM interface and LCAS are not supported in the H8S/2321.

PFi/BACK The pin function is switched as shown below according to the combination of

the operating mode, and bits BRLE and PF1DDR.

Operating Modes 4 to 6 Mode 7

Mode

BRLE 0 1 —

PF1DDR 0 1 — 0 1

Pin function PF; PF1 BACK PF, PF;

input pin | output pin | output pin | input pin | output pin
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the operating mode, and bits BRLE and PFODDR.

Operating Modes 4 to 6 Mode 7

Mode

BRLE 0 1 —

PFODDR 0 1 — 0 1

Pin function PFo PFo BREQ PFo PFo
input pin | output pin | input pin | input pin | output pin

9.14 Port G

9.14.1 Overview

Port G is a 5-hit 1/0 port. Port G pins also function as bus control signal output pins (CS, to CSs,
and CAS™). Enabling or disabling of CS; to CS; output can be changed by a setting in PFCR2.

Figure 9.23 shows the port G pin configuration.

Note: * CAS is not supported in the H85/2321.

Port G pins Pin functions in modes 4 to 6 Pin functions in mode 7
«—» PG,/CS, PG, (input) / CS, (output) PG, (/0)
«—» PG,/CS; PG; (1/0) / CS; (output) PG; (1/0)
PortG |e—» PG,/CS, PG, (I/0) I CS, (output) PG, (1/0)
< PG, /CS, PG, (1/0) / CS; (output) PG, (I/0)
«—» PG,/ CAS* PG, (1/0) / CAS™ (output) PG, (I/0)

Note: * CAS is not supported in the H8S/2321.

Figure 9.23 Port G Pin Functions
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Table 9.26 shows the port G register configuration.

Table 9.26 Port G Registers

Name Abbreviation RIW Initial Value™ Address™
Port G data direction register PGDDR W% H'10/H'00™® H'FEBF
Port G data register PGDR R/W H'00 H'FF6F
Port G register PORTG R Undefined H'FF5F
Port function register 2 PFCR2 R/W H'30 H'FFAC

Notes: 1. Lower 16 bits of the address.
2. Value of bits 4to 0.
3. Initial value depends on the mode.

Port G Data Direction Register (PGDDR)

Bit : 7 6 5 4 3 2 1 0
‘ — ‘ — \ — ‘PG4DDR \ PG3DDR \ PG2DDR \ PG1DDR \ PGODDR‘
Modes 4 and 5
Initial value : Undefined Undefined Undefined 1 0 0 0 0
RIW S — — W W W W W

Modes 6 and 7
Initial value : Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — w w w w w

PGDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port G. PGDDR cannot be read, and bits 7 to 5 are reserved. If PGDDR is read, an
undefined value will be read.

The PG4DDR bit is initialized by a reset, and in hardware standby mode, to 1 in modes 4 and 5,
and to 0 in modes 6 and 7. PGDDR retains its prior state in software standby mode. The OPE bit
in SBYCR is used to select whether the bus control output pins retain their output state or become
high-impedance when a transition is made to software standby mode.
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blt . [ o] o] 4 9 Z 1

\ — \ — \ — \ PG4DR \ PG3DR \ PG2DR \ PG1DR \ PGODR \
Initial value : Undefined Undefined Undefined 0 0 0 0 0
RIW - — — RIW RIW RIW RIW RIW

PGDR is an 8-bit readable/writable register that stores output data for the port G pins (PG, to
PGy).

Bits 7 to 5 are reserved; they return an undefined value if read, and cannot be modified.

PGDR is initialized to H'00 (bits 4 to 0) by a reset, and in hardware standby mode. It retains its
prior state in software standby mode.

Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ — \ PG4 \ PG3 \ PG2 \ PG1 \ PGO ‘
Initial value : Undefined Undefined Undefined  —~ = = = =
RIW S — — R R R R R

Note: * Determined by state of pins PG4 to PGo.

PORTG is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port G pins (PG4 to PGy) must always be performed on PGDR.

Bits 7 to 5 are reserved; they return an undefined value if read, and cannot be modified.

If a port G read is performed while PGDDR bits are set to 1, the PGDR values are read. If a port G
read is performed while PGDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTG contents are determined by the pin states, as
PGDDR and PGDR are initialized. PORTG retains its prior state in software standby mode.
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blt . [ o] o] 4 9 Z 1 V)

‘WAITPS‘BREQOPS‘CSlG?E‘ CS25E \ ASOD \ — \ — \ — \
Initial value : 0 0 1 1 0 0 0 0
RIW . RW RIW RIW RIW RIW

PFCR2 is an 8-hit readable/writable register that performs 1/0 port control. PFCR2 is initialized to
H'30 by a reset, and in hardware standby mode.

Bit 7—WAIT Pin Select (WAITPS): Selects the WAIT input pin. For details, see section 9.6,
Port 5.

Bit 6—BREQO Pin Select (BREQOPS): Selects the BREQO output pin. For details, see section
9.6, Port 5.

Bit 5—CS167 Enable (CS167E): Enables or disables CS;, CSs, and CS; output. Change the
CS167E setting only when the DDR bits are cleared to 0.

Bit 5

CS167E Description

0 CS1, CSs, and CS; output disabled (can be used as 1/O ports)

1 CS;, CSs, and CS; output enabled (Initial value)

Bit 4—CS25 Enable (CS25E): Enables or disables CS,, CSz, CS4, and CSs output. Change the
CS25E setting only when the DDR bits are cleared to 0.

Bit 4

CS25E Description

0 CS;, CS;, CS4, and CSs output disabled (can be used as 1/O ports)

1 CS;, CS;3, CS4, and CSs output enabled (Initial value)

Bit 3—AS Output Disable (ASOD): Enables or disables AS output. For details, see section 9.13,
Port F.

Bits 2 to 0—Reserved: These bits are always read as 0.
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Port G pins also function as bus control signal output pins (CS, to CS3, and CAS™). The pin
functions are different in mode 7, and modes 4 to 6. Port G pin functions are shown in table 9.27.

Note: * The CAS is not supported in the H8S/2321.

Table 9.27 Port G Pin Functions

Pin Selection Method and Pin Functions
PG./CSo The pin function is switched as shown below according to the operating mode
and bit PG4ADDR.
Operating Modes 4 to 6 Mode 7
Mode
PG4DDR 0 1 0 1
Pin function PG, input pin |CSy output pin| PG4 input pin | PG4 output pin
PGs/CS; The pin function is switched as shown below according to the operating mode
and bits PG3DDR and CS167E.
Operating Modes 4 to 6 Mode 7
Mode
PG3DDR 0 1 0 1
CS167E — 0 1 — —
Pin function PGs input | PG3 output | CS; output | PGz input | PG3 output
pin pin pin pin pin
PG./CS, The pin function is switched as shown below according to the operating mode

and bits PG2DDR and CS25E.

Operating Modes 4 to 6 Mode 7

Mode

PG2DDR 0 1 0 1

CS25E — 0 1 — —

Pin function PG, input | PG, output | CS; output | PG; input | PG> output
pin pin pin pin pin
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and bits PG1DDR and CS25E.

Operating Modes 4 to 6 Mode 7

Mode

PG1DDR 0 1 0 1

CS25E — 0 1 — —

Pin function PG, input | PG; output | CS; output | PG, input | PG; output
pin pin pin pin pin

PGo/CAS™

The pin function is switched as shown below according to the combination of
the operating mode and bits RMTS2 to RMTS0™ and PGODDR.

Operating Modes 4 to 6 Mode 7

Mode

RMTS2 to B'000, B'001 to —

RMTSO0™ B'100 to B'111 B'011

PGODDR 0 1 — 0 1

Pin function PGo PGo CAS PGo PGo

input output output input output

pin pin pin* pin pin

Note: * The DRAM interface and CAS are not supported in the H8S/2321.
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10.1 Overview

The chip has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer channels.

10.1.1  Features

e Maximum 16-pulse input/output

— Actotal of 16 timer general registers (TGRs) are provided (four each for channels 0 and 3,
and two each for channels 1, 2, 4, and 5), each of which can be set independently as an
output compare/input capture register

— TGRC and TGRD for channels 0 and 3 can also be used as buffer registers
o Selection of 8 counter input clocks for each channel
o The following operations can be set for each channel:
— Waveform output at compare match: Selection of 0, 1, or toggle output
— Input capture function: Selection of rising edge, falling edge, or both edge detection
— Counter clear operation: Counter clearing possible by compare match or input capture
— Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation
— PWM mode: Any PWM output duty can be set
Maximum of 15-phase PWM output possible by combination with synchronous operation
o Buffer operation settable for channels 0 and 3
— Input capture register double-buffering possible
— Automatic rewriting of output compare register possible
e Phase counting mode settable independently for each of channels 1, 2, 4, and 5
— Two-phase encoder pulse up/down-count possible
e Cascaded operation

— Channel 2 (channel 5) input clock operates as 32-bit counter by setting channel 1 (channel
4) overflow/underflow

e Fast access via internal 16-bit bus
— Fast access is possible via a 16-bit bus interface
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overflow interrupt can be requested independently

— For channels 1, 2, 4, and 5, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently

e Automatic transfer of register data

— Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC) or DMA controller (DMAC)™ activation

e Programmable pulse generator (PPG) output trigger can be generated
— Channel 0 to 3 compare match/input capture signals can be used as PPG output trigger
e A/D converter conversion start trigger can be generated

— Channel 0 to 5 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

e Module stop mode can be set

— As the initial setting, TPU operation is halted. Register access is enabled by exiting module
stop mode

Note: * The DMAC is not supported in the H8S/2321.
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lapie 1U.1 1 FU Functons

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Count clock /1 /1 ¢/1 /1 /1 ¢/1
o/4 o/4 o4 o/4 o/4 o4
/16 /16 $/16 /16 /16 $/16
/64 /64 $/64 /64 /64 $/64
TCLKA /256 $/1024 /256 $/1024 $/256

TCLKB TCLKA TCLKA $/1024 TCLKA TCLKA
TCLKC TCLKB TCLKB $/4096 TCLKC TCLKC

TCLKD TCLKC TCLKA TCLKD
General registers TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
TGROB TGR1B TGR2B TGR3B TGR4B TGR5B
General registers/ TGROC — — TGR3C — —
buffer registers TGROD TGR3D
1/0O pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCAS
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3
Counter clear TGR TGR TGR TGR TGR TGR
function compare compare compare compare compare compare
match or matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
Compare Ooutput O O O O O O
mach 1 output O O O O O O
output
P Toggle O O O O O O
output
Input capture O O O O O O
function
Synchronous O O O O O O
operation
PWM mode O O O O O O
Phase counting — O O — O O
mode
Buffer operation O — — O — —

Rev.6.00 Sep. 27,2007 Page 443 of 1268
REJ09B0220-0600
RENESAS



activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture inputcapture inputcapture inputcapture
DTC TGR TGR TGR TGR TGR TGR
activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture inputcapture inputcapture inputcapture
A/D con- TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
version  compare compare compare compare compare compare
start match or match or match or match or match or match or
trigger input capture input capture input capture inputcapture inputcapture inputcapture
PPG TGROA/ TGR1A/ TGR2A/ TGR3A/ — —
trigger TGROB TGR1B TGR2B TGR3B
compare compare compare compare
match or match or match or match or
input capture input capture input capture input capture
Interrupt 5 sources 4 sources 4 sources 5 sources 4 sources 4 sources
sources Compare e Compare e Compare e Compare e Compare e Compare
match or match or match or match or match or match or
input input input input input input
capture OA  capture 1A capture 2A  capture 3A  capture 4A  capture 5A
e Compare e Compare e Compare e Compare e Compare e Compare
match or match or match or match or match or match or
input input input input input input
capture OB  capture 1B capture 2B capture 3B capture 4B capture 5B
e Compare e Overflow e Overflow e Compare e Overflow e Overflow
match or e Underflow e Underflow _match or e Underflow e Underflow
input input
capture 0C capture 3C
e Compare e Compare
match or match or
input input
capture 0D capture 3D
o Overflow e Overflow
Legend:
QO: Possible
—: Not possible

Note: * The DMAC is not supported in the H8S/2321.
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Figure 10.1 shows a block diagram of the TPU.
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Figure 10.1 Block Diagram of TPU
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Table 10.2 summarizes the TPU pins.

Table 10.2 TPU Pins

Channel Name Symbol I/O Function
All Clock input A TCLKA  Input  External clock A input pin
(Channel 1 and 5 phase counting mode A
phase input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 and 5 phase counting mode B
phase input)
Clock input C TCLKC Input External clock C input pin
(Channel 2 and 4 phase counting mode A
phase input)
Clock input D TCLKD  Input  External clock D input pin
(Channel 2 and 4 phase counting mode B
phase input)
0 Input capture/out TIOCAO 1/O TGROA input capture input/output compare
compare match A0 output/PWM output pin
Input capture/out TIOCBO 1/O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out TIOCCO I/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO /O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out TIOCA1 1/O TGR1A input capture input/output compare
compare match Al output/PWM output pin
Input capture/out TIOCB1 /O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/out TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/out TIOCB2 1/O TGR2B input capture input/output compare

compare match B2

output/PWM output pin
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compare match A3

output/PWM output pin

Input capture/out TIOCB3 1/O TGR3B input capture input/output compare
compare match B3 output/PWM output pin
Input capture/out TIOCC3 1/0 TGR3C input capture input/output compare
compare match C3 output/PWM output pin
Input capture/out TIOCD3 /O TGR3D input capture input/output compare
compare match D3 output/PWM output pin
Input capture/out TIOCA4 1/O TGRA4A input capture input/output compare
compare match A4 output/PWM output pin
Input capture/out TIOCB4 1/O TGR4B input capture input/output compare
compare match B4 output/PWM output pin
Input capture/out TIOCA5 1/O TGR5A input capture input/output compare
compare match A5 output/PWM output pin
Input capture/out TIOCB5 1/O TGRG5B input capture input/output compare

compare match B5

output/PWM output pin
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Table 10.3 summarizes the TPU registers.

Table 10.3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address™*
0 Timer control register 0 TCRO R/W H'00 H'FFDO
Timer mode register 0 TMDRO R/W H'CO H'FFD1
Timer 1/O control register OH TIOROH R/W H'00 H'FFD2
Timer 1/O control register OL TIOROL R/W H'00 H'FFD3
Timer interrupt enable register 0  TIERO R/W H'40 H'FFD4
Timer status register 0 TSRO R/ON)*2 H'CO H'FFD5
Timer counter 0 TCNTO R/W H'0000 H'FFD6
Timer general register OA TGROA R/W H'FFFF H'FFD8
Timer general register OB TGROB R/W H'FFFF H'FFDA
Timer general register 0C TGROC R/W H'FFFF H'FFDC
Timer general register 0D TGROD R/W H'FFFF H'FFDE
1 Timer control register 1 TCR1 R/W H'00 H'FFEO
Timer mode register 1 TMDR1 R/W H'CO H'FFE1
Timer 1/O control register 1 TIOR1 R/W H'00 H'FFE2
Timer interrupt enable register 1 TIER1 R/W H'40 H'FFE4
Timer status register 1 TSR1 R/(W)*2 H'CO H'FFE5
Timer counter 1 TCNT1 R/W H'0000 H'FFE6
Timer general register 1A TGR1A R/W H'FFFF H'FFE8
Timer general register 1B TGR1B R/W H'FFFF H'FFEA
2 Timer control register 2 TCR2 R/W H'00 H'FFFO
Timer mode register 2 TMDR2 R/W H'CO H'FFF1
Timer 1/O control register 2 TIOR2 R/W H'00 H'FFF2
Timer interrupt enable register 2 TIER2 R/W H'40 H'FFF4
Timer status register 2 TSR2 R/ON)*2 H'CO H'FFF5
Timer counter 2 TCNT2 R/W H'0000 H'FFF6
Timer general register 2A TGR2A R/W H'FFFF H'FFF8
Timer general register 2B TGR2B R/W H'FFFF H'FFFA
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Timer mode register 3 TMDR3 R/W H'CO H'FE81
Timer 1/O control register 3H TIOR3H R/W H'00 H'FE82
Timer 1/O control register 3L TIOR3L R/W H'00 H'FE83
Timer interrupt enable register 3 TIER3 R/W H'40 H'FE84
Timer status register 3 TSR3 R/(W)*? H'CO H'FE85
Timer counter 3 TCNT3 R/W H'0000 H'FE86
Timer general register 3A TGR3A R/W H'FFFF H'FE88
Timer general register 3B TGR3B R/W H'FFFF H'FE8BA
Timer general register 3C TGR3C R/W H'FFFF H'FE8C
Timer general register 3D TGR3D R/W H'FFFF H'FEBE
4 Timer control register 4 TCR4 R/W H'00 H'FE90
Timer mode register 4 TMDR4 R/W H'CO H'FE91
Timer 1/O control register 4 TIOR4 R/W H'00 H'FE92
Timer interrupt enable register 4 TIER4 R/W H'40 H'FE94
Timer status register 4 TSR4 R/ON)*2 H'CO H'FE95
Timer counter 4 TCNT4 R/W H'0000 H'FE96
Timer general register 4A TGR4A R/W H'FFFF H'FE98
Timer general register 4B TGR4B R/W H'FFFF H'FE9A
5 Timer control register 5 TCR5 R/W H'00 H'FEAO
Timer mode register 5 TMDR5 R/W H'CO H'FEAl
Timer 1/O control register 5 TIORS5 R/W H'00 H'FEA2
Timer interrupt enable register 5 TIERS R/W H'40 H'FEA4
Timer status register 5 TSR5 R/(W)*2 H'CO H'FEA5S
Timer counter 5 TCNT5 R/W H'0000 H'FEA6
Timer general register 5A TGR5A R/W H'FFFF H'FEA8
Timer general register 5B TGR5B R/W H'FFFF H'FEAA
All Timer start register TSTR R/W H'00 H'FFCO
Timer synchro register TSYR R/W H'00 H'FFC1
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.

2. Can only be written with O for flag clearing.
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10.2.1  Timer Control Registers (TCR)

Channel 0: TCRO
Channel 3: TCR3

Bit : 7 6 5 4 3 2 1 0
\ CCLR2 \ CCLR1 \ CCLRO \ CKEG1 \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO \

Initial value : 0 0 0 0 0 0 0 0

RIW . RMW RIW RIW RIW RIW RIW RIW RIW

Channel 1: TCR1
Channel 2: TCR2
Channel 4: TCR4
Channel 5: TCR5

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ CCLR1 \ CCLRO \ CKEG1 \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO ‘
Initial value : 0 0 0 0 0 0 0 0
RIW - RIW RIW RIW RIW RIW RIW RIW

The TCR registers are 8-bit registers that control the TCNT channels. The TPU has six TCR
registers, one for each of channels 0 to 5. The TCR registers are initialized to H'00 by a reset and
in hardware standby mode.

TCR register settings should be made only when TCNT operation is stopped.
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Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation*1

1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture™?
1 0 TCNT cleared by TGRD compare match/input
capture™?

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation*1

Bit 7 Bit 6 Bit 5
Channel  Reserved™ CCLR1 CCLRO Description
1,2,45 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation*1

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

3. Bit 7 isreserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be

modified.
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edges = ¢/2 rising edge). If phase counting mode is used on channels 1, 2, 4, and 5, this setting is
ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is ¢/4 or slower. This setting is
ignored if the input clock is ¢/1, or when overflow/underflow of another channel is selected.

Bits 2 to 0—Time Prescaler 2 to 0 (TPSC2 to TPSCO): These bits select the TCNT counter
clock. The clock source can be selected independently for each channel. Table 10.4 shows the
clock sources that can be set for each channel.

Table 10.4 TPU Clock Sources

Overflow/
Internal Clock External Clock Underflow
on Another
Channel ¢/1 ¢/4 ¢/16 ¢/64 ¢/256 ¢§/1024 ¢$/4096 TCLKA TCLKB TCLKC TCLKD channel
0 o] 0 o] 0 0 0 0 o]
1 0 0 o] o] 0 o] 0
2 o] 0 o] 0 0 o] 0
3 0 0 o] o] o] 0
4 0 0 o] 0 0 0 0
5 o] 0 o] 0 0 0 o]
Legend:
o: Setting

Blank: No setting
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0 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on ¢/256
1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on ¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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3 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 Internal clock: counts on ¢/1024
1 0 Internal clock: counts on ¢/256
1 Internal clock: counts on ¢/4096
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/1024
1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/256
1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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Channel 0: TMDRO
Channel 3: TMDR3

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ BFB \ BFA \ MD3 \ MD2 \ MD1 \ MDO ‘
Initial value : 1 1 0 0 0 0 0 0
RIW S— — RIW RIW RIW RIW RIW RIW

Channel 1: TMDR1
Channel 2: TMDR2
Channel 4: TMDR4
Channel 5: TMDR5

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ — \ — \ MD3 \ MD2 \ MD1 \ MDO ‘
Initial value : 1 1 0 0 0 0 0 0
RIW S — — — RIW RIW RIW RIW

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode
for each channel. The TPU has six TMDR registers, one for each channel. The TMDR registers
are initialized to H'CO by a reset and in hardware standby mode.

TMDR register settings should be made only when TCNT operation is stopped.
Bits 7 and 6—Reserved: These bits cannot be modified and are always read as 1.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRD, bit 5 is reserved. It is always read as 0 and
cannot be modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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register, TGRC input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRC, bit 4 is reserved. It is always read as 0 and
cannot be modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits 3 to 0—Modes 3 to 0 (MD3 to MDO0): These bits are used to set the timer operating mode.

Bit3  Bit2 Bitl  BitO
MD3**  MD2* MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * J—

*: Don'’t care
Notes: 1. MD3 is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channels 0 and 3. For these channels, 0 should
always be written to MD2.
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Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2
Channel 3: TIOR3H
Channel 4: TIOR4
Channel 5: TIOR5

Bit : 7 6 5 4 3 2 1 0
‘ IOB3 ‘ IOB2 \ I0B1 \ I0BO \ IOA3 \ IOA2 \ I0A1 \ IOAO ‘

Initial value : 0 0 0 0 0 0 0 0

RIW . RMW RIW RIW RIW RIW RIW RIW RIW

Channel 0: TIOROL
Channel 3: TIOR3L

Bit : 7 6 5 4 3 2 1 0
‘IOD3 ‘IODZ ‘IODl ‘IODO \|0c3 ‘IOCZ ‘IOCl ‘IOCO

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RIW RIW RIW RIW RIW RIW RIW

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit registers that control the TGR registers. The TPU has eight TIOR
registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers are initialized to H'00 by a reset and in hardware standby mode.

Care is required since TIOR is affected by the TMDR setting. The initial output specified by TIOR
is valid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also that, in PWM
mode 2, the output at the point at which the counter is cleared to 0 is specified.

Rev.6.00 Sep. 27,2007 Page 457 of 1268
REJ09B0220-0600

RENESAS



Bits 10B3 to 10BO specify the function of TGRB.
Bits I0D3 to 10D0 specify the function of TGRD.

Bit7 Bit6 Bit5 Bit4
Channel I0OB3 10B2 IOB1 10B0O Description

0 0 0 0 0 TGROB  Output disabled (Initial value)
1 IS output i) outputis 0 0 output at compare match
compare ot
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROB  Capture input Input capture at rising edge
IS input - source Is . Input capture at falling edge
capture  TIOCBO pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count-up/count-down*1

1/count clock

*: Don't care

Note: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and ¢/1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.
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0 0 0 0 0 TGROD  Output disabled (Initial value)
1 IS output |nitial outputis 0 O output at compare match
0 comPare, output 1 output at compare match
1 register* P P
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROD  Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
capture  TIOCDO pin
1 * register™ Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count—up/count-down*l

1/count clock

*: Don'’t care
Notes: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and ¢/1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.

2. When the BFB bitin TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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1 0 0 0 0 TGR1B Output disabled (Initial value)
1 IS output nitial output is 0 O output at compare match
compare q,tput
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
capture  TIOCB1 pin
1 register Input capture at both edges
1 * Capture input Input capture at generation of
source is TGROC TGROC compare match/input
compare match/ capture
input capture
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 10BO Description
2 0 0 0 0 TGR2B  Output disabled (Initial value)
1 IS OULPUL ) itia) output is 0 0 output at compare match
compare o 10t .
1 0 register 1 output at compare matc
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B  Capture input Input capture at rising edge
1 ISINpUt o5 1rce is Input capture at falling edge
capture
1 register  TIOCB2 pin Input capture at both edges

*: Don’t care
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3 0 0 0 0 TGR3B  Output disabled (Initial value)

1 IS OULPUL ) itia) outputis 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3B  Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
—— capture TIOCB3 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count—up/count-down*l

4/count clock

*: Don't care

Note: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and ¢/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.

Rev.6.00 Sep. 27,2007 Page 461 of 1268
REJ09B0220-0600

RENESAS



3 0 0 0 0 TGR3D Output disabled (Initial value)
1 IS output |nitial outputis 0 O output at compare match
0 comPare, output 1 output at compare match
1 register* P P
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3D Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
capture  TIOCD3 pin
1 * register™ Input capture at both edges
1 * * Capture input Input capture at TCNT4 count-

source is channel up/count-down*1
4/count clock

*: Don’t care
Notes: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and ¢/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.
2. When the BFB bitin TMDR3 is set to 1 and TGR3D is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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4 0 0 0 0 TGR4B  Output disabled (Initial value)
1 IS output |nitial output is 0 O output at compare match
compare q,tput
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4B  Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
capture  TIOCB4 pin
1 register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3C TGR3C compare match/
compare match/ input capture
input capture
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel I0OB3 10B2 IOB1 I10BO Description
5 0 0 0 0 TGR5B  Output disabled (Initial value)
1 IS OULPUL ) itia) outputis 0 0 output at compare match
compare output o
1 0 registe’ 1 output at compare matc
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5B  Capture input Input capture at rising edge
Is Input source I TIOCB5 Input capture at falling edge
capture  pin
1 * register Input capture at both edges

*: Don’t care
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IOAS3 to IOAO specify the function of TGRA.
I0C3 to 10CO0 specify the function of TGRC.

Bit3 Bit2 Bitl BitO

Channel IOA3 I0A2 IOAl IOAO Description

0 0 0 0 0 TGROA  Output disabled (Initial value)
1 IS output i) outputis 0 0 output at compare match
compare ot
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROA is Capture input Input capture at rising edge
input source 1s Input capture at falling edge
capture  TIOCAO pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT1 count-

source is channel up/count-down

1/ count clock

*: Don't care
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0 0 0 0 0 TGROC  Output disabled (Initial value)

1 IS OULPUL ) itia) outputis 0 0 output at compare match
compare output
1 0 register*l 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROC Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
—— capture TIOCCO pin
1 * register** Input capture at both edges
1 * * Capture input Input capture at TCNT1 count-

source is channel up/count-down
1/count clock

*: Don't care

Note: 1. When the BFA bitin TMDRO is set to 1 and TGROC is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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1 0 0 0 TGR1A  Output disabled (Initial value)
1 IS OULPUL ) itia) outputis 0 0 output at compare match
compare ot
0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 Output disabled
1 Initial outputis 1 0 output at compare match
0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 TGR1A Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
capture  TIOCAL pin
register Input capture at both edges
1 * Capture input Input capture at generation of

source is TGROA channel 0O/TGROA compare

compare match/
input capture

match/input capture

*: Don’t care
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2 0 0 0 0 TGR2A Output disabled (Initial valu
1 IS output Initial output is 0 output at compare match
compare 0 output
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 0 output at compare match
1 0 1 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2Ais  Capture input Input capture at rising edge
1 input capture source is Input capture at falling edge
1 * register TIOCA2 pin  Input capture at both edges
*: Don’t care
Bit3 Bit2 Bitl BitO
Channel IOA3 I0A2 IOA1l IOAQ0 Description
3 0 0 0 0 TGR3A  Output disabled (Initial value)
1 IS output | yyia| output is 0 0 output at compare match
compare o
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3A  Capture input Input capture at rising edge
1 IS Input source Is i Input capture at falling edge
- capture TIOCAS3 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT4 count-

source is channel up/count-down
4/count clock

*: Don’t care
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3 0 0 0 TGR3C  Output disabled (Initial value)
1 IS OULPUL ) itia) outputis 0 0 output at compare match
comparel output o
0 register* 1 output at compare matc
1 Toggle output at compare
match
1 0 Output disabled
1 Initial outputis 1 0 output at compare match
0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 TGR3C Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
capture  TIOCC3 pin
* register** Input capture at both edges
1 * Capture input Input capture at TCNT4 count-

source is channel up/count-down
4/count clock

*: Don't care

Note: 1. When the BFA bitin TMDR3 is set to 1 and TGR3C is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.

Rev.6.00 Sep. 27, 2007 Page 468 of 1268

REJ09B0220-0600

RENESAS



4 0 0 0 0 TGR4A  Output disabled (Initial value)
1 IS output |nitial outputis 0 O output at compare match
compare q,tput
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4A  Capture input Input capture at rising edge
1 IS Input source Is ) Input capture at falling edge
capture  TIOCA4 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3A TGR3A compare match/input
compare match/ capture
input capture
*: Don't care
Bit3 Bit2 Bitl Bit0
Channel IOA3 I0A2 IOAl IOAO Description
5 0 0 0 0 TGR5A  Output disabled (Initial value)
1 IS OULPUL ) itia) outputis 0 0 output at compare match
compare output o
1 0 register 1 output at compare matc
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR4A  Capture input Input capture at rising edge

is input
capture
1 * register

;?nurce s TIOCA4 Input capture at falling edge

Input capture at both edges

*: Don’t care
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Channel 0: TIERO
Channel 3: TIER3

Bit : 7 6 5 4 3 2 1 0

‘ TTGE ‘ — \ — \ TCIEV \ TGIED \ TGIEC \ TGIEB \ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
RIW . RW — — RIW RIW RIW RIW RIW

Channel 1: TIER1
Channel 2: TIER2
Channel 4: TIER4
Channel 5: TIER5S

Bit : 7 6 5 4 3 2 1 0

‘ TTGE ‘ — \ TCIEU \ TCIEV \ — \ — \ TGIEB \ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
RIW . RW — RIW RIW — — RIW RIW

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has six TIER registers, one for each channel. The TIER registers are
initialized to H'40 by a reset and in hardware standby mode.

Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables generation of A/D
conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved: This bit cannot be modified and is always read as 1.

Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by
the TCFU bit when the TCFU bit in TSR is set to 1 in channels 1 and 2.

In channels 0 and 3, bit 5 is reserved. It is always read as 0 and cannot be modified.
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0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TCIV) by
the TCFV bit when the TCFV bit in TSR is set to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is set to 1 in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD disabled (Initial value)
1 Interrupt requests (TGID) by TGFD enabled

Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR is set to 1 in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.
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0 Interrupt requests (TGIB) by TGFB disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA enabled

10.2.5 Timer Status Registers (TSR)

Channel 0: TSRO
Channel 3: TSR3

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ — \ TCFV \ TGFD \ TGFC \ TGFB \ TGFA \
Initial value : 1 1 0 0 0 0 0 0
RIW S— — — RIW)*  RIW)*  RI(W)*  RIW)* RIW)*

Note: *Only 0 can be written, to clear the flag.

Channel 1: TSR1
Channel 2: TSR2
Channel 4: TSR4
Channel 5: TSR5

Bit : 7 6 5 4 3 2 1 0

‘ TCFD ‘ — \ TCFU \ TCFV \ — \ — \ TGFB \ TGFA ‘
Initial value : 1 1 0 0 0 0 0 0
RIW : R — RIW)*  RI(W)* — — RI(W)*  R/(W)*

Note: *Only 0 can be written, to clear the flag.
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hardware standby mode.

Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
counts in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 is reserved. It is always read as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved: This bit cannot be modified and is always read as 1.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1, 2, 4, and 5 are set to phase counting mode.

In channels 0 and 3, bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU = 1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )
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In channels 1, 2, 4, and 5, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3
TGFD Description
0 [Clearing conditions] (Initial value)

e When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFD after reading TGFD =1

1 [Setting conditions]
e When TCNT = TGRD while TGRD is functioning as output compare register

e When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2
TGFC Description
0 [Clearing conditions] (Initial value)

e When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFC after reading TGFC =1

1 [Setting conditions]
e When TCNT = TGRC while TGRC is functioning as output compare register

e When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register

Rev.6.00 Sep. 27, 2007 Page 474 of 1268
REJ09B0220-0600
RENESAS



Bit 1
TGFB Description

0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFB after reading TGFB = 1

1 [Setting conditions]

e When TCNT = TGRB while TGRB is functioning as output compare register

e When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register

Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0

TGFA Description

0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is O
e When DMAC™ is activated by TGIA interrupt while DTA bit of DMABCR in DMAC™

is1

e When 0 is written to TGFA after reading TGFA =1

1 [Setting conditions]

e When TCNT = TGRA while TGRA is functioning as output compare register
e When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
Note: * The DMAC is not supported in the H8S/2321.
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Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter™)
Channel 2: TCNT2 (up/down-counter™)
Channel 3: TCNT3 (up-counter)
Channel 4: TCNT4 (up/down-counter™)
Channel 5: TCNT5 (up/down-counter™)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value: 0 0 O 0 O O O O O O O O o o0 o0 o0
R/W © RIW RW RW RW RW R/W RW R/W RW R/W RW RW RW RW R/W RW

Note: * These counters can be used as up/down-counters only in phase counting mode or when
counting overflow/underflow on another channel. In other cases they function as up-
counters.

The TCNT registers are 16-bit counters. The TPU has six TCNT counters, one for each channel.
The TCNT counters are initialized to H'0000 by a reset and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit
unit.
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Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initialvalue: 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W RW RW RW

The TGR registers are 16-bit registers with a dual function as output compare and input capture
registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for channels
1,2,4,and 5. TGRC and TGRD for channels 0 and 3 can also be designated for operation as
buffer registers™. The TGR registers are initialized to H'FFFF by a reset and in hardware standby
mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA-TGRC and TGRB-TGRD.
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Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ CST5 \ CST4 \ CST3 \ CST2 \ CST1 \ CSTO ‘
Initial value : 0 0 0 0 0 0 0 0
RIW S— — RIW RIW RIW RIW RIW RIW

TSTR is an 8-bit readable/writable register that selects operation/stoppage for channels 0 to 5.
TSTR is initialized to H'00 by a reset, and in hardware standby mode. When setting the operating
mode in TMDR or setting the count clock in TCR, first stop the TCNT counter.

Bits 7 and 6—Reserved: Must always be written with 0.

Bits 5 to 0—Counter Start 5 to 0 (CST5 to CSTO0): These bits select operation or stoppage for
TCNT.

Bitn

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=5to0
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bit is cleared to 0, the pin output level will be changed to the set initial output
value.
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Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ SYNCS5 \ SYNC4 \ SYNC3 \ SYNC2 \ SYNC1 \ SYNCO ‘
Initial value : 0 0 0 0 0 0 0 0
RIW S— — RIW RIW RIW RIW RIW RIW

TSYR is an 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0 to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bit in TSYR is set to 1.

TSYR is initialized to H'00 by a reset and in hardware standby mode.
Bits 7 and 6—Reserved: Must always be written with 0.

Bits 5 to 0—Timer Synchro 5 to 0 (SYNCS5 to SYNCO): These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels™, and
synchronous clearing through counter clearing on another channel™ are possible.

Bitn
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting*l/synchronous clearing*2 is possible

n=5to0
Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.

Rev.6.00 Sep. 27,2007 Page 479 of 1268
REJ09B0220-0600

RENESAS



MSTPCRH MSTPCRL

Bit : 15 14 183 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initalvalue: 0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W RW RW RW

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP13 bit in MSTPCR is set to 1, TPU operation stops at the end of the bus cycle and
a transition is made to module stop mode. Registers cannot be read or written to in module stop
mode. For details, see section 21.5, Module Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 13—Module Stop (MSTP13): Specifies the TPU module stop mode.

Bit 13

MSTP13  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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10.3.1 16-Bit Registers

TCNT and TGR are 16-bit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 10.2.

Internal data bus
H

master ;] L ::

> Module
> data bus

AN

T 1

| TCNTH | TCNTL |

Bus interface

VANPAN

Figure 10.2 16-Bit Register Access Operation [Bus Master <> TCNT (16 Bits)]

10.3.2  8-Bit Registers

Registers other than TCNT and TGR are 8-bit. As the data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.

Examples of 8-bit register access operation are shown in figures 10.3 to 10.5.
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Bus :

L ; > Module
master : [ Bus interface

> data bus

7S

VANDAN

TCR

Figure 10.3 8-Bit Register Access Operation [Bus Master <> TCR (Upper 8 Bits)]

Internal data bus

i

> Module
> data bus

Bus
master L Bus interface

VANPAN

H

TMDR

Figure 10.4 8-Bit Register Access Operation [Bus Master «» TMDR (Lower 8 Bits)]

Internal data bus

Bus

H >
master : L :: Module

> data bus

Bus interface

VANAN

IRVENE:

TMDR |

Figure 10.5 8-Bit Register Access Operation [Bus Master «» TCR and TMDR (16 Bits)]
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1041  Overview
Operation in each mode is outlined below.

Normal Operation: Each channel has a TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Synchronous Operation: When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten at
the same time. Synchronous clearing of the TCNT counters is also possible by setting the timer
synchronization bits in TSYR for channels designated for synchronous operation.

Buffer Operation

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

e When TGR is an input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in TGR is transferred to the buffer register.

Cascaded Operation: The channel 1 counter (TCNT1) and channel 2 counter (TCNT2), or the
channel 4 counter (TCNT4) and channel 5 counter (TCNT5), can be connected together to operate
as a 32-bit counter.

PWM Mode: In this mode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode: In this mode, TCNT is incremented or decremented by detecting the
phases of two clocks input from the external clock input pins in channels 1, 2, 4, and 5. When
phase counting mode is set, the corresponding TCLK pin functions as the clock pin, and TCNT
performs up/down-counting.

This can be used for two-phase encoder pulse input.
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Counter Operation: When one of bits CSTO to CST5 issetto 1 in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

e Example of count operation setting procedure
Figure 10.6 shows an example of the count operation setting procedure.

< Operation selection > [1] select the counter
clock with bits

TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Periodi " F ) ‘ [2] For periodic counter
eriodic counter ree-running counter operation, select the

TGR to be used as
the TCNT clearing

—

Select counter clearing source | [2] source with bits .
CCLR2 to CCLRO in
TCR.
[3] Designate the TGR
Select output compare register | [3] selected in [2] as an

output compare
register by means of
TIOR.

Set period [4] [4

[l

Set the periodic
counter cycle in the
TGR selected in [2].

Start count [5] Start count [5] [5] Setthe CST bitin
TSTR to 1 to start
<Periodic counter> <Free-running counter> the counter

operation.

Figure 10.6 Example of Counter Operation Setting Procedure
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counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 10.7 illustrates free-running counter operation.

TCNT value

H'0000

Time

CST bit 5 5

TCFV

Figure 10.7 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as a periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matches the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.

Figure 10.8 illustrates periodic counter operation.
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H'0000 . ‘ Time
CST bit ; 5

E Flag cleared by software or

1 +~ DTC/DMAC* activation
TGF

Note: * The DMAC is not supported in the H8S/2321.

Figure 10.8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

o Example of setting procedure for waveform output by compare match
Figure 10.9 shows an example of the setting procedure for waveform output by compare match

< ) > [1] Select initial value O output or 1 output, and
Output selection
compare match output value 0 output, 1 output,

or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
first compare match occurs.

Select waveform output mode | [1]

[2] Set the timing for compare match generation in
TGR.

Set the CST bit in TSTR to 1 to start the count

Set output timing [2] (3] -
operation.

Start count [3]

i

<Waveform output>

Figure 10.9 Example of Setting Procedure for Waveform Output by Compare Match
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In this example TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

TGRA |- mmmmmmmmm e e SERREEEE
TGRB |------ ! ' L
H'0000 : : : : : : Time

E 1 | ~Nochange | ~ No change

: : ~ : ~ 1 output
TIOCA : ; : P
TIOCB _~ No change /=~ No change 0 output

) o

Figure 10.10 Example of 0 Output/1 Output Operation
Figure 10.11 shows an example of toggle output.

In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by both
compare match A and compare match B.

TCNT value
Counter cleared by TGRB compare match

HFFFF [ - - o e e e e e e T e e
TGRB [ === mmm e e o e oot o o e e e e e e oo

TGRA oo T T e T e T

H'0000 : : : Time
TIoCB . . . . Toggle output

TIOCA —\—,—\—,—Toggle output

Figure 10.11 Example of Toggle Output Operation
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Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’s counter input clock or compare match signal
as the input capture source.

Note: When another channel’s counter input clock is used as the input capture input for channels
0 and 3, ¢/1 should not be selected as the counter input clock used for input capture input.
Input capture will not be generated if ¢/1 is selected.

e Example of input capture operation setting procedure
Figure 10.12 shows an example of the input capture operation setting procedure.

< ) ) [1] Designate TGR as an input capture register by
Input selection .
means of TIOR, and select the input capture

source and input signal edge (rising edge, falling
edge, or both edges).

Select input capture input (1 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure 10.12 Example of Input Capture Operation Setting Procedure
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In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value / input (falling edge)
H'OL180 [ - mmm o s e e oo e

01 N . g

H'O0L0 |- mm o e oo o S

H'0005 |- - - o Y7 e R IS I = r\\ ____________
A\ | :

H'0000 : \ : ' .

TGRB >< €>< H'0180

Figure 10.13 Example of Input Capture Operation
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In synchronous operation, the values in a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.
Channels 0 to 5 can all be designated for synchronous operation.

Example of Synchronous Operation Setting Procedure: Figure 10.14 shows an example of the
synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous

(1]

operation
<Synchronous presettin@ <Synchronous clearing>
Set TCNT (2 Clearing No
source generation
channel?
Select counter 3] Set synchronous 4]
clearing source counter clearing
Start count [5] Start count [5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to, the
same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.
[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 10.14 Example of Synchronous Operation Setting Procedure

Rev.6.00 Sep. 27, 2007 Page 490 of 1268
REJ09B0220-0600
RENESAS



1IN tNis example, syncnronous operation and FVvvivi MOae 1L nave peen aesignatead 1or cnanneis v to
2, TGROB compare match has been set as the channel 0 counter clearing source, and synchronous
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performed
for channel 0 to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 10.4.6, PWM Modes.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values / \

TGROB | - - - m oo me S
TGRIB f--nmnnmsmmsmmnennnss T RRIIERES* A e
TGROA f------mmmmnmno L
S S D748 VI B
TGRIA f------- SR T U S S ----------
TGR2A [ -5 re-demmbon b L AT SIS R
H0000 ¥ttt Time

TIOCOA

TIOC1A

TIOC2A

Figure 10.15 Example of Synchronous Operation
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Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 10.5 shows the register combinations used in buffer operation.

Table 10.5 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC

TGROB TGROD
3 TGR3A TGR3C

TGR3B TGR3D

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation is illustrated in figure 10.16.

Compare match signal

Timer general [\

Buffer register ( —
’ register | /| Comparator £ | TCNT

Figure 10.16 Compare Match Buffer Operation
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held in the timer general register is transferred to the buffer register.
This operation is illustrated in figure 10.17.

Input capture
signal

Timer general TCNT

Buffer register :
register

Figure 10.17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 10.18 shows an example of the buffer
operation setting procedure.

> [1] Designate TGR as an input capture register or

( Buffer operation output compare register by means of TIOR.

[2] Designate TGR for buffer operation with bits

Select TGR function [1] BFA and BFB in TMDR.
‘ [3] Setthe CST bitin TSTR to 1 to start the count
Set buffer operation [2] operation.
Start count [3]

'

<Buffer operation>

Figure 10.18 Example of Buffer Operation Setting Procedure
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e Vvnen 1 GR IS an output compare register
Figure 10.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.
As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.
For details of PWM modes, see section 10.4.6, PWM Modes.

TCNT value
g N 7 it I [l
o200 | : B
TGROA | 1 i - b
H'0000 5 ' ' 5 Time

TGROC H'0200! H'0450

>< . : H0520 ><:
Transfer :\‘ :\ : :\
- i

E H'0450 >< i E

TGROA

I
S
[}
(=
s

TIOCA _I | | ’—L

Figure 10.19 Example of Buffer Operation (1)
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capture register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

0] A

HOOFB | -« - - = mm o mmmmmeemeeoeTb

01T - e

H'0000 Time

TIOCA E

H'0532 :>< H'OF07 E>< H'09FB
\ \
€>< H'0532 >< H'OF07

TGRA E

TGRC

Figure 10.20 Example of Buffer Operation (2)
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In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock upon overflow/underflow
of TCNT2 (TCNTH5) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase-counting mode.
Table 10.6 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1 or 4, the counter clock setting is invalid
and the counter operates independently in phase counting mode.

Table 10.6 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT1 TCNT2
Channels 4 and 5 TCNT4 TCNT5

Example of Cascaded Operation Setting Procedure: Figure 10.21 shows an example of the
setting procedure for cascaded operation.

( Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
P (channel 4) TCR to B'111 to select TCNT2

‘ (TCNTD5) overflow/underflow counting.

Set cascading (1 [2] Setthe CST bitin TSTR for the upper and lower
channel to 1 to start the count operation.

Start count [2]

v

<Cascaded operation>

Figure 10.21 Cascaded Operation Setting Procedure
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as input capture registers, and TIOC pin rising edge has been selected.

When a rising edge is input to the TIOCAL and TIOCAZ2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGR1A, and the lower 16 bits to TGR2A.

TCNT1 ,_l
clock

>

TCNT1 H'03A1 H'03A2

TCNT2 ,_l ,_l
clock

TCNT2  HFFFF X H'0000 X H'0001

TIOCAL,
TIOCA2 | I—

TGRI1A X H'03A2

TGR2A X H'0000

Figure 10.22 Example of Cascaded Operation (1)

Figure 10.23 illustrates the operation when counting upon TCNT2 overflow/underflow has been
set for TCNTL1, and phase counting mode has been designated for channel 2.

TCNTL1 is incremented by TCNT2 overflow and decremented by TCNT2 underflow.
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TCLKD m

TCNT2 XereD{ FFFE YEFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT1 0000 X 0001 X 0000

Figure 10.23 Example of Cascaded Operation (2)

10.4.6 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

e PWM mode 1
PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOAQ0 and IOC3 to IOCO in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to I0B0 and 10D3 to I0DO0 in TIOR is output at compare matches B
and D. The initial output value is the value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

e PWM mode 2
PWM output is generated using one TGR as the period register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pin is the initial
value set in TIOR. If the set values of the period and duty registers are identical, the output
value does not change when a compare match occurs.
In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.
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rapie 1uU./  FVVIVI OUtlput RegIsters and QUtput Fins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCAl TIOCAl
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2
3 TGR3A TIOCA3 TIOCA3
TGR3B TIOCB3
TGR3C TIOCC3 TIOCC3
TGR3D TIOCD3
4 TGR4A TIOCA4 TIOCA4
TGR4B TIOCB4
5 TGR5A TIOCAS TIOCAS
TGR5B TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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C BWM mode ) [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [3] Use TIOR to designate the TGR as an output

compare register, and select the initial value and
Select waveform output level | [3] output value.

‘ [4] Set the period in the TGR selected in [2], and
set the duty in the other TGR.

Set TGR [4]
‘ [5] Selectthe PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] L
[6] Setthe CST hitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure 10.24 Example of PWM Mode Setting Procedure
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In this example, TGRA compare match is set as the TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the value set in TGRB as the duty.

TCNT value
Counter cleared by

/ TGRA compare match
TORA e e e

HLC L I R R DD I B S EREE EET
H'0000

Time

Figure 10.25 Example of PWM Mode Operation (1)
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N IS exampie, syncnronous operation IS aesignated 1or cnanneis U and 1, I GR1B cOmpare
match is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the
output value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value set in TGR1B is used as the period, and the values set in the other TGR
registers as the duty.

Counter cleared by TGR1B
TCNT value / compare match

TGRIB |- ommmm e
TGRIA |oommmmm oo = o .
TGROD oo P N - S

TGROC | --vmmmmemmm gt ; . ;

TGROB |-ccoooeo 7 [ - R N ST
TGROA |- b do :

H'0000 s ; - ; ' . . - : - ! : .

........................................................

.........................

TiocAo | b oo 5

TiocBo | E : : E : : E

Tlocco______| E : E :

TIOCDO 5

TIOCAL _i _i

Figure 10.26 Example of PWM Mode Operation (2)
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TCNT value

TGRB rewritten

TGRA |----coeeeas T T st SEE TRy R
TGRB O . TGRB

: TGRB rewritten” & /fewriten,
H0000 : i | Time

0 ,
TIOCA | 0% duty -
Output does not change when period register and duty register
compare matches occur simultaneously
TCNT value

TGRB rewritten

TGRA |------------ O mmm oo o o e
TGRB rewritten
TGRB e
H'0000 : : Time
: 100% duty I_I
TIOCA .
Output does not change when period register and duty
register compare matches occur simultaneously
TCNT value

TGRB rewritten O ...................................................................................

TGRA |-c-cccammans O Y
: TGRB rewritten

TGRB o O

1 TGRB rewritten
H'0000 : Time

TIOCA _/

100% duty

0% duty

Figure 10.27 Examples of PWM Mode Operation (3)
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In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 10.8 shows the correspondence between external clock pins and channels.

Table 10.8 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting Mode Setting Procedure: Figure 10.28 shows an example of the
phase counting mode setting procedure.

] [1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

!

<Phase counting mode>

Figure 10.28 Example of Phase Counting Mode Setting Procedure
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according to the count conditions.

e Phase counting mode 1

Figure 10.29 shows an example of phase counting mode 1 operation, and table 10.9
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) J I—l I—l

TCLKB (channels 1 and 5) ‘|
TCLKD (channels 2 and 4)

TCNT value

Time

Figure 10.29 Example of Phase Counting Mode 1 Operation

Table 10.9 Up/Down-Count Conditions in Phase Counting Mode 1

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Up-count
Low level RS

4 Low level

R High level

High level RS Down-count
Low level 4

£ High level

R Low level

Legend:

4 Rising edge
“t_: Falling edge
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summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) | | ! | ! I—, I—, l—
TCLKB (channels 1 and 5) w w | \ ‘

TCLKD (channels 2 and 4)
TCNT value ! ! i ! !

Time

Figure 10.30 Example of Phase Counting Mode 2 Operation

Table 10.10 Up/Down-Count Conditions in Phase Counting Mode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Don't care
Low level R e

4 Low level

R High level Up-count
High level RS Don't care
Low level 4

£ High level

R Low level Down-count
Legend:

4 Rising edge
“t_: Falling edge
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summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4)

TCLKB (channels 1 and 5)

S [ SR I N B

TCLKD (channels 2 and 4)
TCNT value

B

Time

Table 10.11 Up/Down-Count Conditions in Phase Counting Mode 3

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

Figure 10.31 Example of Phase Counting Mode 3 Operation

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Don't care
Low level RS

4 Low level

R High level Up-count
High level RS Down-count
Low level 4 Don't care
£ High level

R Low level

Legend:

4 Rising edge
“t_: Falling edge
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summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) J | |
TCLKC (channels 2 and 4) T

TCLKB (channels 1 and 5) | | | | | |_| |_'_

TCLKD (channels 2 and 4)
TCNT value

Figure 10.32 Example of Phase Counting Mode 4 Operation

Table 10.12 Up/Down-Count Conditions in Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level EX Up-count
Low level R

4 Low level Don't care
B High level

High level T Down-count
Low level 4

4 High level Don't care
B Low level

Legend:

_4 . Rising edge
“t_: Falling edge
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motor 2-phase encoder pulses in order to detect the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGROC compare match; TGROA and TGROC
are used for the compare match function, and are set with the speed control period and position
control period. TGROB is used for input capture, with TGROB and TGROD operating in buffer
mode. The channel 1 counter input clock is designated as the TGROB input capture source, and
detection of the pulse width of 2-phase encoder 4-multiplication pulses is performed.

TGR1A and TGR1B for channel 1 are designated for input capture, channel 0 TGROA and
TGROC compare matches are selected as the input capture source, and store the up/down-counter
values for the control periods.

This procedure enables accurate position/speed detection to be achieved.
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TCLKA Edge
detection|
TCLKB circuit

TCNT1

TGR1A = V:] -
(speed period capture) N -

TGR1B
(position period capture)

L TCNTO

a
L

TGROA (speed control period) == —
—D>
TGROC s
(position control period) ﬁ;l>

TGROB (pulse width capture) <<]>7

~[>> TGROD (buffer operation)

Channel 0

Figure 10.33 Phase Counting Mode Application Example
10.5 Interrupts

10.5.1  Interrupt Sources and Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disable
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
a channel is fixed. For details, see section 5, Interrupt Controller.
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l1apie 1U.1s 1 FU INterrupts

Interrupt DMAC™ DTC
Channel Source Description Activation  Activation Priority
0 TGIOA TGROA input capture/compare match Possible Possible High
TGIOB TGROB input capture/compare match Not possible Possible i
TGIOC TGROC input capture/compare match Not possible Possible
TGIOD TGROD input capture/compare match Not possible Possible
TCIOV TCNTO overflow Not possible Not possible
1 TGI1A TGR1A input capture/compare match Possible Possible
TGI1B TGR1B input capture/compare match Not possible Possible
TCl1V TCNT1 overflow Not possible Not possible
TCI1U TCNT1 underflow Not possible Not possible
2 TGI2A TGR2A input capture/compare match Possible Possible
TGI2B TGR2B input capture/compare match Not possible Possible
TCI2V TCNT2 overflow Not possible Not possible
TCI2U TCNT2 underflow Not possible Not possible
3 TGI3A TGR3A input capture/compare match Possible Possible
TGI3B TGR3B input capture/compare match Not possible Possible
TGI3C TGR3C input capture/compare match Not possible Possible
TGI3D TGR3D input capture/compare match Not possible Possible
TCI3V TCNT3 overflow Not possible Not possible
4 TGI4A TGRA4A input capture/compare match Possible Possible
TGl4B TGR4B input capture/compare match Not possible Possible
TCl4V TCNT4 overflow Not possible Not possible
TCl4U TCNT4 underflow Not possible Not possible
5 TGI5A TGR5A input capture/compare match Possible Possible
TGI5B TGRS5B input capture/compare match Not possible Possible
TCI5V TCNTS5 overflow Not possible Not possible
TCI5U TCNT5 underflow Not possible Not possible Low

Notes: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

* The DMAC is not supported in the H8S/2321.
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match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
TPU has 16 input capture/compare match interrupts, four each for channels 0 and 3, and two each
for channels 1, 2, 4, and 5.

Overflow Interrupt: An interrupt is requested if the TCIEV bit in TIER is set to 1 when the
TCFV flag in TSR is set to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channel.

Underflow Interrupt: An interrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flag in TSR is set to 1 by the occurrence of TCNT underflow on a channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has four underflow interrupts, one
each for channels 1, 2, 4, and 5.

1052 DTC/DMAC™ Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for a channel. For details, see section 8, Data Transfer Controller.

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

DMAC™ Activation: The DMAC can be activated by the TGRA input capture/compare match
interrupt for a channel. For details, see section 7, DMA Controller (Not Supported in the
H8S/2321).

In the TPU, a total of six TGRA input capture/compare match interrupts can be used as DMAC
activation sources, one for each channel.

Note: * The DMAC is not supported in the H8S/2321.

10.5.3  A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, a request to start A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at this time, A/D conversion is started.
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10.6  Operation Timing

10.6.1 Input/Output Timing

TCNT Count Timing: Figure 10.34 shows TCNT count timing in internal clock operation, and
figure 10.35 shows TCNT count timing in external clock operation.

» J L

Internal clock Falling edge Rising edge

N\ \

input clock —M— —_—

TCNT N-1 >< N >< N+1 >< N+2

Figure 10.34 Count Timing in Internal Clock Operation

s J e

External clock_(b Falling edge (b Rising edge (I) Falling edge
TCNT

input clock —mM —_—

TCNT N-1 >< N >< N+1 >< N+2

Figure 10.35 Count Timing in External Clock Operation
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When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin. After a match between TCNT and TGR, the compare match signal is not
generated until the TCNT input clock is generated.

Figure 10.36 shows output compare output timing.

Uy
TCNT ,—I

input clock

TCNT N X N+1

TGR

Compare

match signal

TIOC pin ><

Figure 10.36 Output Compare Output Timing

Input Capture Signal Timing: Figure 10.37 shows input capture signal timing.

o J L L L
Input capture

input |
Input capture

signal

: >< N+1 >< N+2 : >< )(

TGR X N X N+2

TCNT X N

Figure 10.37 Input Capture Input Signal Timing

Rev.6.00 Sep. 27, 2007 Page 514 of 1268
REJ09B0220-0600

RENESAS




the timing when counter clearing by input capture occurrence is specified.

e T

Compare

match signal

Counter

clear signal

TCNT N >< H'0000
TGR N

Figure 10.38 Counter Clear Timing (Compare Match)

Input capture
signal |

Counter clear

signal
TCNT N >< H'0000
TGR >< N

Figure 10.39 Counter Clear Timing (Input Capture)
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TCNT n >< n+1

Compare
match signal

TGRA, ' ><
TGRB n '

TGRC,
TGRD

Figure 10.40 Buffer Operation Timing (Compare Match)

» J L

Input capture
signal

TCNT N >< NeL

TGRA,

TGRB N+1

TGRC,
TGRD

Figure 10.41 Buffer Operation Timing (Input Capture)
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TGF Flag Setting Timing in Case of Compare Match: Figure 10.42 shows the timing for
setting of the TGF flag in TSR by compare match occurrence, and TGI interrupt request signal
timing.

¢ J Uy LUy LD
TCNT input
clock

TCNT N >< N+1
TGR N

Compare ,—\

match signal

TGF flag

TGl interrupt |

Figure 10.42 TGI Interrupt Timing (Compare Match)
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L

Input capture
signal

TCNT N

TGR |

TGF flag

TGl interrupt |

Figure 10.43 TGI Interrupt Timing (Input Capture)
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Figure 10.45 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

TCNT input
clock

TCNT
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

S e
[ ]

>< H'0000

[
|

H'FFFF

Figure 10.44 TCIV Interrupt Setting Timing

TCNT
input clock

TCNT
(underflow)

TCFU flag

TCIU interrupt

Underflow signal

IR .
[ ]

>< HFFFF

[

H'0000

Figure 10.45 TCIU Interrupt Setting Timing
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shows the timing for status flag clearing by the CPU, and figure 10.47 shows the timing for status
flag clearing by the DTC or DMAC™.

Note: * The DMAC is not supported in the H8S/2321.

TSR write cycle
T T

et a2
; v
Address >< TSR address ><
Write signal
Status flag |
Interrupt
request |
signal

Figure 10.46 Timing for Status Flag Clearing by CPU

DTC/DMAC* DTC/DMAC*
read cycle write cycle

Destination
Address >< Source address address ><
Status flag |
Interrupt
request |
signal

Note: * The DMAC is not supported in the H8S/2321.

Figure 10.47 Timing for Status Flag Clearing by DTC/DMAC Activation
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Note that the kinds of operation and contention described below can occur during TPU operation.

Input Clock Restrictions: The input clock pulse width must be at least 1.5 states in the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will not
operate properly with a narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.48 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
. Overlap | ence |Overlap, ence | . Pulse width | . Pulse width |
TCLKA | ‘ | ‘ |
(TCLKC) | | | | |
TOLKB | : T
(TCLKD) ‘
I — I
Pulse width Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 10.48 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

Caution on Period Setting: When counter clearing by compare match is set, TCNT is cleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula:

f= ¢
(N+1)
Where  f : Counter frequency
¢ : Operating frequency
N :TGR setvalue
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write is not performed.

Figure 10.49 shows the timing in this case.

TCNT write cycle

LL,’,L,\
; JU U LYY L L
Address >< TCNT address ><
Write signal
Counter clear
signal
TCNT N >< H'0000

Figure 10.49 Contention between TCNT Write and Clear Operations
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Figure 10.50 shows the timing in this case.

TCNT write cycle

2
¢ JU Uy LY L
Address >< TCNT address ><

Write signal

TCNT input

clock

TCNT N >< s M

TCNT write data

Figure 10.50 Contention between TCNT Write and Increment Operations
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inhibited. A compare match does not occur even if the same value as before is written.

Figure 10.51 shows the timing in this case.

TGR write cycle

T T2
Uyt
Address >< TGR address ><
Write signal
Compare Pt ! o
match signal : [ Inhibited
TCNT N >< N+1
TGR N >< M

P4

TGR write data

Figure 10.51 Contention between TGR Write and Compare Match
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data prior to the write.

Figure 10.52 shows the timing in this case.

TGR write cycle
T T,

T T2

s J Uy

Buffer register ><
address

Address

Write signal

Compare
match signal

Buffer register write data

Buffer &
register

TGR >< N

Figure 10.52 Contention between Buffer Register Write and Compare Match
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Figure 10.53 shows the timing in this case.

TGR read cycle

T T
; JU Uy LY L
Address >< TGR address ><
Read signal
Input capture
signal
TGR X >< M
Internal >< M ><
data bus

Figure 10.53 Contention between TGR Read and Input Capture
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TGR is not performed.

Figure 10.54 shows the timing in this case.

TGR write cycle

Tl T2 ‘
¢ Yy
Address >< TGR address ><
Write signal
Input capture
signal
TCNT M
TGR >< M

Figure 10.54 Contention between TGR Write and Input Capture
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write to the buffer register is not performed.

Figure 10.55 shows the timing in this case.

Buffer register write cycle

R
' IR
Address >< Buf;%rd rrzglsster ><

Write signal

:

Input capture

signal

TCNT CON

TGR M 5 >< N
Buffer >< M
register

Figure 10.55 Contention between Buffer Register Write and Input Capture
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takes precedence.

Figure 10.56 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF is set in TGR.

I IREE

TCNT input
clock

TCNT H'FFFF >< H'0000

Counter
clear signal

TGF

Prohibited\: .........................
TCFV flag !

Figure 10.56 Contention between Overflow and Counter Clearing
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precedence and the TCFV/TCFU flag in TSR is not set.

Figure 10.57 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

< e s
¢
Address >< TCNT address ><
Write signal )
TCNT write data
»
TCNT H'FFFF >< M

Prohibited — - r======-=---=--------------
TCFV flag |

Figure 10.57 Contention between TCNT Write and Overflow

Multiplexing of 1/0O Pins: In the chip, the TCLKA input pin is multiplexed with the TIOCCO 1/O
pin, the TCLKB input pin with the TIOCDO 1/O pin, the TCLKC input pin with the TIOCB1 1/0
pin, and the TCLKD input pin with the TIOCB2 1/O pin. When an external clock is input,
compare match output should not be performed from a multiplexed pin.

Interrupts and Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or the DMAC™ or DTC
activation source. Interrupts should therefore be disabled before entering module stop mode.

Note: * The DMAC is not supported in the H8S/2321.
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111 Overview

The chip has a built-in programmable pulse generator (PPG) that provides pulse outputs by using
the 16-bit timer-pulse unit (TPU) as a time base. The PPG pulse outputs are divided into 4-bit
groups (group 3 to group 0) that can operate both simultaneously and independently.

11.1.1  Features
PPG features are listed below.

e 16-bit output data
— Maximum 16-bit data can be output, and output can be enabled on a bit-by-bit basis
e Four output groups

— Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs

o Selectable output trigger signals

— Output trigger signals can be selected for each group from the compare match signals of
four TPU channels

¢ Non-overlap mode
— A non-overlap margin can be provided between pulse outputs
e Can operate together with the data transfer controller (DTC) and DMA controller (DMAC)™*

— The compare match signals selected as output trigger signals can activate the DTC or
DMAC for sequential output of data without CPU intervention

Note: * The DMAC is not supported in the H8S/2321.

o Inverted output can be set
— Inverted data can be output for each group
e Module stop mode can be set

— As the initial setting, PPG operation is halted. Register access is enabled by exiting module
stop mode
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Figure 11.1 shows a block diagram of the PPG.

PO15 ~=—
PO14 --— Pulse output
Egig ~— pins, group 3
PO11 ~=—
PO10 =— Pulse output
PO9 = pins, group 2
PO8 =
PO7 ~=—j
PO6 —=— Pulse output
P85 ~— pins, group 1
PO4
PO3 =—
PO2 -=— Pulse output
Egcl) ~— pins, group 0

B

Legend:
PMR:
PCR:

NDERH:
NDERL:

NDRH:
NDRL:

PODRH:
PODRL:

Compare match signals

Lyl

NDERH

NDERL

Control logic

PMR

PCR

--------------- PODRH

--------------- PODRL

PPG output mode register
PPG output control register
Next data enable register H
Next data enable register L
Next data register H

Next data register L

Output data register H
Output data register L

Internal
data bus

Figure 11.1 Block Diagram of PPG

Rev.6.00 Sep. 27, 2007 Page 532 of 1268
REJ09B0220-0600

RENESAS




Table 11.1 summarizes the PPG pins.

Table 11.1 PPG Pins

Name Symbol I/O Function

Pulse output 0 POO Output Group 0 pulse output
Pulse output 1 PO1 Output

Pulse output 2 PO2 Output

Pulse output 3 PO3 Output

Pulse output 4 PO4 Output Group 1 pulse output
Pulse output 5 PO5 Output

Pulse output 6 PO6 Output

Pulse output 7 PO7 Output

Pulse output 8 PO8 Output Group 2 pulse output
Pulse output 9 PO9 Output

Pulse output 10 PO10 Output

Pulse output 11 PO11 Output

Pulse output 12 PO12 Output Group 3 pulse output
Pulse output 13 PO13 Output

Pulse output 14 PO14 Output

Pulse output 15 PO15 Output
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Table 11.2 summarizes the PPG registers.

Table 11.2 PPG Registers

Name Abbreviation R/W Initial Value Address™
PPG output control register PCR R/W H'FF H'FF46
PPG output mode register PMR R/W H'FO H'FF47
Next data enable register H NDERH R/W H'00 H'FF48
Next data enable register L NDERL R/W H'00 H'FF49
Output data register H PODRH R/(W)™  HO00 H'FF4A
Output data register L PODRL R/(W)™  HO00 H'FF4B
Next data register H NDRH R/W H'00 H'FF4C/
H'FF4E™
Next data register L NDRL R/W H'00 H'FFAD/
HFF4F™
Port 1 data direction register P1DDR w H'00 H'FEBO
Port 2 data direction register P2DDR w H'00 H'FEB1
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Bits used for pulse output cannot be written to.

3. When the same output trigger is selected for pulse output groups 2 and 3 by the PCR
setting, the NDRH address is H'FFAC. When the output triggers are different, the NDRH

address is H'FF4E for group 2 and H'FF4C for group 3.

Similarly, when the same output trigger is selected for pulse output groups 0 and 1 by
the PCR setting, the NDRL address is H'FF4D. When the output triggers are different,
the NDRL address is H'FF4F for group 0 and H'FF4D for group 1.
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11.2.1  Next Data Enable Registers H and L (NDERH, NDERL)

NDERH
Bit : 7 6 5 4 3 2 1 0
‘NDERlS‘NDERl4‘NDERlS‘NDERlZ‘NDERll‘NDERlo‘NDERQ‘ NDERS‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW
NDERL
Bit : 7 6 5 4 3 2 1 0
‘ NDER?‘ NDER6‘ NDERS‘ NDER4‘ NDERS‘ NDERZ‘ NDERl‘ NDERO‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

NDERH and NDERL are 8-bit readable/writable registers that enable or disable pulse output on a
bit-by-bit basis.

If a bit is enabled for pulse output by NDERH or NDERL, the NDR value is automatically
transferred to the corresponding PODR bit when the TPU compare match event specified by PCR
occurs, updating the output value. If pulse output is disabled, the bit value is not transferred from
NDR to PODR and the output value does not change.

NDERH and NDERL are each initialized to H'00 by a reset and in hardware standby mode. They
are not initialized in software standby mode.

NDERH Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS): These bits enable or
disable pulse output on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 Pulse outputs PO15 to POS8 are disabled (NDR15 to NDR8 are not
transferred to POD15 to PODS8) (Initial value)

1 Pulse outputs PO15 to PO8 are enabled (NDR15 to NDR8 are transferred

to POD15 to POD8)
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Bits 7to 0

NDER7 to NDERO Description

0 Pulse outputs PO7 to POO are disabled (NDR7 to NDRO are not
transferred to POD7 to PODO) (Initial value)

1 Pulse outputs PO7 to POO are enabled (NDR7 to NDRO are transferred to

POD7 to PODO)

11.2.2  Output Data Registers H and L (PODRH, PODRL)

PODRH
Bit : 7 6 5 4 3 2 1 0

\ POD15‘ POD14‘ POD13‘ POD12‘ PODll‘ PODlO‘ POD9 \ PODS8
Initial value : 0 0 0 0 0 0 0 0
RIW ORIW)T RIW) RIW)* RIW)*  RIW)*  RIW)*  RIW)*  RIW)*
PODRL
Bit : 7 6 5 4 3 2 1 0

\ POD7‘ PODG\ PODS‘ POD4‘ PODS‘ PODZ‘ PODl‘ PODO‘
Initial value : 0 0 0 0 0 0 0 0
RIW ORIW)T RIW)S RIW)*  RIW)*  RI(W)*  RIW)*  R/(W)™  RIW)*

Note: * A bit that has been set for pulse output by NDER is read-only.

PODRH and PODRL are 8-bit readable/writable registers that store output data for use in pulse
output.
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NDRH and NDRL are 8-bit readable/writable registers that store the next data for pulse output.
During pulse output, the contents of NDRH and NDRL are transferred to the corresponding bits in
PODRH and PODRL when the TPU compare match event specified by PCR occurs. The NDRH
and NDRL addresses differ depending on whether pulse output groups have the same output
trigger or different output triggers. For details see section 11.2.4, Notes on NDR Access.

NDRH and NDRL are each initialized to H'00 by a reset and in hardware standby mode. They are
not initialized in software standby mode.
11.2.4  Notes on NDR Access

The NDRH and NDRL addresses differ depending on whether pulse output groups have the same
output trigger or different output triggers.

Same Trigger for Pulse Output Groups: If pulse output groups 2 and 3 are triggered by the
same compare match event, the NDRH address is H'FF4C. The upper 4 bits belong to group 3 and
the lower 4 bits to group 2. Address H'FF4E consists entirely of reserved bits that cannot be
modified and are always read as 1.

Address H'FF4C

Bit : 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14 \ NDR13 \ NDR12 \ NDR11 \ NDR10 \ NDR9 \ NDR8 ‘

Initial value : 0 0 0 0 0 0 0 0

RIW . RMW RIW RIW RIW RIW RIW RIW RIW

Address H'FF4E

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : — — — — — — — —

If pulse output groups 0 and 1 are triggered by the same compare match event, the NDRL address
is H'FFAD. The upper 4 bits belong to group 1 and the lower 4 bits to group 0. Address H'FF4F
consists entirely of reserved bits that cannot be modified and are always read as 1.
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DIt . L v ~ - ~ = < v

‘ NDR7 ‘ NDR6 \ NDRS5 \ NDR4 \ NDR3 \ NDR2 \ NDR1 \ NDRO ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

Address H'FF4F

Bit 7 6 5 4 3 2 1 0
-1 -1 -r-7r-71r=-71r-17-="1

Initial value : 1 1 1 1 1 1 1 1

rRW = = = = = = = —

Different Triggers for Pulse Output Groups: If pulse output groups 2 and 3 are triggered by
different compare match events, the address of the upper 4 bits in NDRH (group 3) is H'FF4C and
the address of the lower 4 bits (group 2) is H'FF4E. Bits 3 to 0 of address H'FF4C and bits 7 to 4
of address H'FF4E are reserved bits that cannot be modified and are always read as 1.

Address H'FF4C

Bit : 7 6 5 4 3 2 1 0

‘ NDR15 ‘ NDR14 \ NDR13 \ NDR12 \ — ‘ — ‘ — ‘ _ ‘
Initial value : 0 0 0 0 1 1 1 1
RIW . RMW RIW RIW RIW — _ _ _

Address H'FF4E

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ — \ — \ NDR11 \ NDR10 \ NDR9 \ NDR8 ‘
Initial value : 1 1 1 1 0 0 0 0
RIW S— — — — RIW RIW RIW RIW

If pulse output groups 0 and 1 are triggered by different compare match event, the address of the
upper 4 bits in NDRL (group 1) is H'FF4D and the address of the lower 4 bits (group 0) is H'FF4F.
Bits 3 to 0 of address H'FF4D and bits 7 to 4 of address H'FF4F are reserved bits that cannot be
modified and are always read as 1.

Rev.6.00 Sep. 27, 2007 Page 538 of 1268
REJ09B0220-0600

RENESAS



blt . [ o] o] 4 9 Z 1 V)

‘ NDR7 ‘ NDR6 \ NDR5 \ NDR4 \ — ‘ — ‘ — ‘ _ ‘
Initial value : 0 0 0 0 1 1 1 1
RIW . RW RIW RIW RIW — — _ _

Address H'FF4F

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — \ — \ — \ NDR3 \ NDR2 \ NDR1 \ NDRO ‘
Initial value : 1 1 1 1 0 0 0 0
RIW S — — — RIW RIW RIW RIW

11.2.5 PPG Output Control Register (PCR)

Bit : 7 6 5 4 3 2 1 0

‘ G3CMS1 ‘ G3CMS0 \ G2CMS1 \ G2CMS0 \ G1CMS1 \ G1CMS0 \ GOCMS1 \ GOCMSO‘
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PCR is an 8-bit readable/writable register that selects output trigger signals for PPG outputs on a
group-by-group basis.

PCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in software
standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CMS1, G3CMSO0): These bits
select the compare match that triggers pulse output group 3 (pins PO15 to PO12).

Description
Bit 7 Bit 6
G3CMS1 G3CMSO0 Output Trigger for Pulse Output Group 3
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)
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Description

Bit 5 Bit 4
G2CMS1 G2CMSO0 Output Trigger for Pulse Output Group 2
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (GICMS1, GICMSO0): These bits
select the compare match that triggers pulse output group 1 (pins PO7 to PO4).

Description
Bit 3 Bit 2
G1CMS1 G1CMSO0 Output Trigger for Pulse Output Group 1
0 0 Compare match in TPU channel O
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCMS1, GOCMSO0): These bits
select the compare match that triggers pulse output group 0 (pins PO3 to POO).

Description
Bit 1 Bit 0
GOCMS1 GOCMSO0 Output Trigger for Pulse Output Group 0
0 0 Compare match in TPU channel O
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Rev.6.00 Sep. 27, 2007 Page 540 of 1268

REJ09B0220-0600

RENESAS



Bit : 7 6 5 4 3 2 1 0

‘ G3INV ‘ G2INV \ G1INV \ GOINV \ G3NOV \ G2NOV \ GINOV \ GONOV‘
Initial value : 1 1 1 1 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PMR is an 8-bit readable/writable register that selects pulse output inversion and non-overlapping
operation for each group.

The output trigger period of a non-overlapping operation PPG output waveform is set in TGRB
and the non-overlap margin is set in TGRA. The output values change at compare match A and B.

For details, see section 11.3.4, Non-Overlapping Pulse Output.

PMR is initialized to H'FO by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Group 3 Inversion (G3INV): Selects direct output or inverted output for pulse output
group 3 (pins PO15 to PO12).

Bit 7

G3INV Description

0 Inverted output for pulse output group 3 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 3 (high-level output at pin for a 1 in PODRH)

(Initial value)

Bit 6—Group 2 Inversion (G2INV): Selects direct output or inverted output for pulse output
group 2 (pins PO11 to PO8).

Bit 6

G2INV Description

0 Inverted output for pulse output group 2 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 2 (high-level output at pin for a 1 in PODRH)

(Initial value)
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Bit 5
G1INV Description

0 Inverted output for pulse output group 1 (low-level output at pin for a 1 in PODRL)
1 Direct output for pulse output group 1 (high-level output at pin for a 1 in PODRL)
(Initial value)

Bit 4—Group 0 Inversion (GOINV): Selects direct output or inverted output for pulse output
group 0 (pins PO3 to POO).

Bit 4

GOINV Description

0 Inverted output for pulse output group 0 (low-level output at pin for a 1 in PODRL)
1 Direct output for pulse output group 0 (high-level output at pin for a 1 in PODRL)

(Initial value)

Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping operation for pulse
output group 3 (pins PO15 to PO12).

Bit 3

G3NOV Description

0 Normal operation in pulse output group 3 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 3 (independent 1 and O output at

compare match A or B in the selected TPU channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping operation for pulse
output group 2 (pins PO11 to PO8).

Bit 2

G2NOV Description

0 Normal operation in pulse output group 2 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 2 (independent 1 and O output at

compare match A or B in the selected TPU channel)
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Bit 1
G1NOV Description

0 Normal operation in pulse output group 1 (output values updated at compare match A
in the selected TPU channel) (Initial value)
1 Non-overlapping operation in pulse output group 1 (independent 1 and O output at

compare match A or B in the selected TPU channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping operation for pulse
output group 0 (pins PO3 to POO).

Bit 0

GONOV Description

0 Normal operation in pulse output group O (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group O (independent 1 and O output at

compare match A or B in the selected TPU channel)

11.2.7  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

RIW Y W W w W W W W

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1.

Port 1 is multiplexed with pins PO15 to PO8. Bits corresponding to pins used for PPG output must
be set to 1. For further information about PLDDR, see section 9, 1/0 Port.
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Bit : 7 6 5 4 3 2 1

‘ P27DDR ‘ P26DDR \ P25DDR \ P24DDR \ P23DDR \ P22DDR \ P21DDR \ P20DDR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW SRY 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.

Port 2 is multiplexed with pins PO7 to POO. Bits corresponding to pins used for PPG output must
be set to 1. For further information about P2DDR, see section 9, /O Port.

11.29 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit : 15 14 183 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initalvalue: 0 o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW : RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W RW RW RW

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP11 bit in MSTPCR is set to 1, PPG operation stops at the end of the bus cycle and
a transition is made to module stop mode. Registers cannot be read or written to in module stop
mode. For details, see section 21.5, Module Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 11—Module Stop (MSTP11): Specifies the PPG module stop mode.

Bit 11

MSTP11  Description

0 PPG module stop mode cleared

1 PPG module stop mode set (Initial value)
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11.3.1  Overview

PPG pulse output is enabled when the corresponding bits in PLDDR, P2DDR, and NDER are set
to 1. In this state the corresponding PODR contents are output.

When the compare match event specified by PCR occurs, the corresponding NDR bit contents are
transferred to PODR to update the output values.

Figure 11.2 illustrates the PPG output operation and table 11.3 summarizes the PPG operating
conditions.

DDR NDER
Q Q

Output trigger signal

C
Q PODR D Q NDR Di=—— Internal data bus

Pulse output pin

Normal output/inverted output

Figure 11.2 PPG Output Operation

Table 11.3 PPG Operating Conditions

NDER DDR Pin Function

0 0 Generic input port

Generic output port

1 0 Generic input port (but the PODR bit is a read-only bit, and when
compare match occurs, the NDR bit value is transferred to the PODR bit)

1 PPG pulse output

Sequential output of data of up to 16 bits is possible by writing new output data to NDR before
the next compare match. For details of non-overlapping operation, see section 11.3.4, Non-
Overlapping Pulse Output.
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If pulse output is enabled, NDR contents are transferred to PODR and output when the specified
compare match event occurs. Figure 11.3 shows the timing of these operations for the case of
normal output in groups 2 and 3, triggered by compare match A.

X O B B B
TCNT >< N >< N+1 ><

TGRA N

Compare match

A signal

NDRH n

PODRH m >< - n
PO8 to PO15 m >< n

Figure 11.3 Timing of Transfer and Output of NDR Contents (Example)
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Sample Setup Procedure for Normal Pulse Output: Figure 11.4 shows a sample procedure for
setting up normal pulse output.

[1] Set TIOR to make TGRA an output

Normal PPG output
( P ) compare register (with output

| Select TGR functions | 1] disabled).
| [2] Setthe PPG output trigger period.
| Set TGRA value | 2] [3] Select the counter clock source
TPU setup \ . . .
| Set courfing oncrafion | 3] with bits TPSC2 to TPSCO in TCR.
‘g P Select the counter clear source
| - with bits CCLR1 and CCLRO.
Select interrupt request | [4]
[ [4] Enable the TGIA interrupt in TIER.
| Set initial output data | [5] The DTC or DMAC* can also be
\ set up to transfer data to NDR.
Port and | Enable pu‘lse output | (6] [5] Set the initial output values in
PODR.
PPG setup | Select output trigger | [71 ©
[ [6] Setthe DDR and NDER bits for the
Set next pulse (8] pins to be used for pulse output to 1.
OUtpUt‘ data [7] Select the TPU compare match
event to be used as the output
TPU setup | Start count | [9]

trigger in PCR.

N [8] Set the next pulse output values in
NDR.
Yes .
Set next pUlse [9] Setthe CST bitin TSTRto 1 to
output (fauta [10] start the TCNT counter.

\ [10] At each TGIA interrupt, set the next
output values in NDR.

Note:* The DMAC is not supported in
the H8S/2321.

Figure 11.4 Setup Procedure for Normal Pulse Output (Example)
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TCNT value TCNT Compare match
TGRA

H'0000 Time

S €3 EDCD €D €D €D ED EI EI EI ERE:
| | | | | | | | | | | | |

PooRr_ 00 X 80 X co X 40 X 60 X 20 X 30 X 10 X 18 X 08 X 83 X 0 X co)
—

sol RS L

o | — B ‘
| | | ‘ ‘ ‘ | | | | | |

PO13 | | | | | | | | | | |

|
SV T N T T T e (O O N O

PO11

Figure 11.5 Normal Pulse Output Example (Five-Phase Pulse Output)

[1] Set up the TPU channel to be used as the output trigger channel so that TGRA is an output
compare register and the counter will be cleared by compare match A. Set the trigger period in
TGRA and set the TGIEA bit in TIER to 1 to enable the compare match A (TGIA) interrupt.

[2] Write H'F8 in PADDR and NDERH, and set the G3CMS1, G3CMS0, G2CMS1, and G2CMS0
bits in PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Write output data H'80 in NDRH.

[3] The timer counter in the TPU channel starts. When compare match A occurs, the NDRH
contents are transferred to PODRH and output. The TGIA interrupt handling routine writes the
next output data (H'C0O) in NDRH.

[4] Five-phase overlapping pulse output (one or two phases active at a time) can be obtained
subsequently by writing H'40, H'60, H'20, H'30. H'10, H'18, H'08, H'88... at successive TGIA
interrupts. If the DTC or DMAC™ is set for activation by this interrupt, pulse output can be
obtained without imposing a load on the CPU.

Note: * The DMAC is not supported in the H8S/2321.
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Sample Setup Procedure for Non-Overlapping Pulse Output: Figure 11.6 shows a sample
procedure for setting up non-overlapping pulse output.

< Non-overlapping > [1] Set TIOR to make TGRA and
PPG output TGRB an output compare registers
\ (with output disabled).
| Select TGR functions | [1]
‘ [2] Set the pulse output trigger period
| Set TGR values | 2] in TGRB and the non-overlap
TPU setup ‘ margin in TGRA.
| Set counting operation | [3] [3] Select the counter clock source
‘ with bits TPSC2 to TPSCO in TCR.
| Select interrupt request | (4] Select the counter clear source
\ with bits CCLR1 and CCLRO.
| Set initial output data | [5]

| [4] Enable the TGIA interrupt in TIER.
| (6] The DTC or DMAC* can also be
set up to transfer data to NDR.

| Enable pulse output

\
PPG setup | S'9|80tOUtI‘OUttri@l@Jef |[7] [5] ggts;e initial output values in

Set non-overlapping groups | [8
| ‘pp 9 group | 1 [6] Setthe DDR and NDER bits for the

pins to be used for pulse output to
1.

Set next pulse [9]
output data

‘ [7] Select the TPU compare match
TPU setup | Start count | [10] event to be used as the pulse
= output trigger in PCR.

No
Compare match?

Yes

[8] In PMR, select the groups that will
operate in non-overlap mode.

Set next pulse
output data [11] (9]

Set the next pulse output values in
NDR.

[10] Set the CST bitin TSTR to 1 to
start the TCNT counter.

[11] At each TGIA interrupt, set the next
output values in NDR.

Note:* The DMAC is not supported in
the H8S/2321.

Figure 11.6 Setup Procedure for Non-Overlapping Pulse Output (Example)
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phase complementary non-overlapping pulse output.

TCNT value

TGRB

NDRH

[¥o)
©
0
o
\p\o \\\\\\\\\
e}
ol || ﬁ
0 =]
5]
‘m wwwwwwwwwwwwwwwww 1
o
B
DGO TN [N S N [ B
>
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©| &
o
WN \\\\\\ ]
i —H
[}
> L
o
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I
x 0 < ™ o~ -
[a)] —~ — ~ ~ —
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PO10
PO9
PO8

Figure 11.7 Non-Overlapping Pulse Output Example (Four-Phase Complementary)
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TGRA, and set the counter to be cleared by compare match B. Set the TGIEA bit in TIER to 1
to enable the TGIA interrupt.

[2] Write H'FF in PLDDR and NDERH, and set the G3CMS1, G3CMS0, G2CMS1, and G2CMS0
bits in PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Set the G3NOV and G2NOV bits in PMR to 1 to select non-overlapping output.
Write output data H'95 in NDRH.

[3] The timer counter in the TPU channel starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change from 0
to 1 (the change from 0 to 1 is delayed by the value set in TGRA). The TGIA interrupt
handling routine writes the next output data (H'65) in NDRH.

[4] Four-phase complementary non-overlapping pulse output can be obtained subsequently by
writing H'59, H'56, H'95.... at successive TGIA interrupts. If the DTC or DMAC™ is set for
activation by this interrupt, pulse output can be obtained without imposing a load on the CPU.

Note: * The DMAC is not supported in the H8S/2321.
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If the G3INV, G2INV, G1INV, and GOINV bits in PMR are cleared to 0, values that are the
inverse of the PODR contents can be output.

Figure 11.8 shows the outputs when G3INV and G2INV are cleared to 0, in addition to the
settings of figure 11.7.

TCNT value
TGRB

‘ : t : * ; = Time
|
.

) ) W) SN G,
PODRL 300 >< 95 65 59 56 3 95 65><:><
- 1

ou ]
o [

o« —————_
o
e TS E s s o O e s

Figure 11.8 Inverted Pulse Output (Example)
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Pulse output can be triggered by TPU input capture as well as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be

triggered by the input capture signal.

Figure 11.9 shows the timing of this output.

TIOC pin

Input capture

signal

NDR N

PODR M X Y

PO M X N

Figure 11.9 Pulse Output Triggered by Input Capture (Example)
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11.4.1  Operation of Pulse Output Pins

Pins POO to PO15 are also used for other supporting functions such as the TPU. When output by
another supporting function is enabled, the corresponding pins cannot be used for pulse output.
Note, however, that data transfer from NDR bits to PODR bits takes place, regardless of the usage
of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

11.4.2  Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to PODR bits takes place as
follows.

e NDR bits are always transferred to PODR bits at compare match A.

e At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their value is 1.

Figure 11.10 illustrates the non-overlapping pulse output operation.

DDR NDER

Compare match A
Compare match B

C

Pulse Q PODR D «—Q NDR Di~=——- Internal data bus
output
pin

Normal output/inverted output

Figure 11.10 Non-Overlapping Pulse Output
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match B to compare match A (the non-overlap margin).

This can be accomplished by having the TGIA interrupt handling routine write the next data in
NDR, or by having the TGIA interrupt activate the DTC or DMAC™. Note, however, that the next
data must be written before the next compare match B occurs.

Figure 11.11 shows the timing of this operation.

Note: * The DMAC is not supported in the H8S/2321.

Compare match A ,_l ,_l

Compare match B ,_l % ,_l %

‘ Write to NDR ! ‘
NDR | X | X
PODR | >< | ><

Write to NDR

0 output  0/1 output 0 output 0/1 output
Write to NDR —+—+—Write to NDR
Do not write Nere Do not write  Nere
to NDR here to NDR here

Figure 11.11 Non-Overlapping Operation and NDR Write Timing
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12.1 Overview

The chip includes an 8-bit timer module with two channels (TMRO and TMR1). Each channel has
an 8-bit counter (TCNT) and two time constant registers (TCORA and TCORB) that are
constantly compared with the TCNT value to detect compare match events. The 8-bit timer
module can thus be used for a variety of functions, including pulse output with an arbitrary duty
cycle.

12.1.1  Features
The features of the 8-bit timer module are listed below.

o Seleyction of four clock sources

The counters can be driven by one of three internal clock signals (¢/8, ¢/64, or $/8192) or an
external clock input (enabling use as an external event counter)

o Seleyction of three ways to clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal
e Timyer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary duty
cycle or PWM output

e Provision for cascading of two channels

— Operation as a 16-bit timer is possible, using channel O for the upper 8 bits and channel 1
for the lower 8 bits (16-bit count mode)

— Channel 1 can be used to count channel 0 compare matches (compare match count mode)
e Three independent interrupts

Compare match A and B and overflow interrupts can be requested independently
e A/D converter conversion start trigger can be generated

Channel 0 compare match A signal can be used as an A/D converter conversion start trigger
e Module stop mode can be set

As the initial setting, 8-bit timer operation is halted. Register access is enabled by exiting
module stop mode
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Figure 12.1 shows a block diagram of the 8-bit timer module.

External clock source

Internal clock sources

TMCIO ¢/8
TMCI1 $/64
$/8192
Yy v 3
Clock 1
Clock select Clock 0
TCORAO TCORA1
Compare match A1, K) K)
Compare match A0| Comparator AO Comparator A1
TMOO <~ Overflow 1 r (ﬁ (ﬁ s
TMRIO ——» Overflow 0 BRE =R -—
Clear 0
/ Clear 1 / ‘ ‘
Compare match B1 |
) Compare match BO | Comparator BO Ii' Comparator B1 |
TMO1 ~= Control |Og|C L
TMRI1 — (W (W
| TCORBO TCORBL [
AID
CONVErsion >| TCSRO Ii' TCSR1 ':
start request
signal
TCRO [ TCR1 K

— CMIAO
— CMIBO

— 0VIO

—CMIA1

———————————=CMiB1

—————————————=ovi

Interrupt signals

Internal bus

Figure 12.1 Block Diagram of 8-Bit Timer Module
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Table 12.1 summarizes the input and output pins of the 8-bit timer module.

Table 12.1 Input and Output Pins of 8-Bit Timer

Channel Name Symbol 110 Function

0 Timer output pin 0 TMOO Output Outputs at compare match
Timer clock input pin 0 TMCIO Input Inputs external clock for counter
Timer reset input pin 0 TMRIO Input Inputs external reset to counter

1 Timer output pin 1 TMO1 Output Outputs at compare match
Timer clock input pin 1 TMCI1 Input Inputs external clock for counter
Timer reset input pin 1 TMRI1 Input Inputs external reset to counter

12.1.4  Register Configuration
Table 12.2 summarizes the registers of the 8-bit timer module.

Table 12.2 8-Bit Timer Registers

Channel Name Abbreviation R/W Initial value Address™*
0 Timer control register 0 TCRO R/W H'00 H'FFBO
Timer control/status register 0 TCSRO R/ON)*2 H'00 H'FFB2
Time constant register AO TCORAO R/W H'FF H'FFB4
Time constant register BO TCORBO R/W H'FF H'FFB6
Timer counter 0 TCNTO R/W H'00 H'FFB8
1 Timer control register 1 TCR1 R/W H'00 H'FFB1
Timer control/status register 1 TCSR1 R/(W)*2 H'10 H'FFB3
Time constant register A1 TCORA1 R/W H'FF H'FFB5
Time constant register B1 TCORB1 R/W H'FF H'FFB7
Timer counter 1 TCNT1 R/W H'00 H'FFB9
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registers for channel 0 and channel 1 is a 16-bit register with the upper 8 bits for
channel 0 and the lower 8 bits for channel 1, so they can be accessed together by a word transfer
instruction.
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12.2.1  Timer Counters0and 1 (TCNTO, TCNT1)

TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue: 0 O O O O O O O O O O O O o o0 o
R/W . R\W RW RW R/W RW RW RW RW RW RW RW RW RW RW R/W R/W

TCNTO and TCNT1 are 8-bit readable/writable up-counters that increment on pulses generated
from an internal or external clock source. This clock source is selected by clock select bits CKS2
to CKSO0 in TCR. The CPU can read or write to TCNTO and TCNT1 at all times.

TCNTO and TCNT1 comprise a single 16-bit register, so they can be accessed together by a word
transfer instruction.

TCNTO and TCNT1 can be cleared by an external reset input or by a compare match signal.
Which signal is to be used for clearing is selected by clock clear bits CCLR1 and CCLRO in TCR.

When a timer counter overflows from H'FF to H'00, OVF in TCSR is set to 1.

TCNTO and TCNT1 are each initialized to H'00 by a reset and in hardware standby mode.

12.2.2  Time Constant Registers A0 and A1 (TCORAO, TCORAL1)

TCORAO TCORA1

Bit : 15 14 183 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initialvalue: 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W RW RW RW

TCORAO and TCORAL1 are 8-hit readable/writable registers. TCORAO and TCORAL comprise a
single 16-bit register so they can be accessed together by a word transfer instruction.

TCORA is continually compared with the value in TCNT. When a match is detected, the
corresponding CMFA flag in TCSR is set. Note, however, that comparison is disabled during the
T, state of a TCOR write cycle.
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TCORAO and TCORAL1 are each initialized to H'FF by a reset and in hardware standby mode.

12.2.3  Time Constant Registers B0 and B1 (TCORBO0, TCORB1)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R\W RW RW R/W RW RW RW RW RW RW RW RW RW RW R/W R/W

TCORBO and TCORBL are 8-bit readable/writable registers. TCORBO0 and TCORB1 comprise a
single 16-bit register so they can be accessed together by a word transfer instruction.

TCORB is continually compared with the value in TCNT. When a match is detected, the
corresponding CMFB flag in TCSR is set. Note, however, that comparison is disabled during the
T, state of a TCOR write cycle.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits OS3 and OS2 in TCSR.

TCORBO and TCORBL are each initialized to H'FF by a reset and in hardware standby mode.

12.2.4  Time Control Registers 0 and 1 (TCRO, TCR1)

Bit : 7 6 5 4 3 2 1 0

\ CMIEB \ CMIEA \ OVIE \ CCLR1 \ CCLRO \ CKS2 \ CKS1 \ CKS0 \
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

TCRO and TCR1 are 8-bit readable/writable registers that select the clock source and the time at
which TCNT is cleared, and enable interrupts.

TCRO and TCR1 are each initialized to H'00 by a reset and in hardware standby mode.

For details of this timing, see section 12.3, Operation.
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Bit 7
CMIEB Description
0 CMFB interrupt requests (CMIB) are disabled (Initial value)

1 CMFB interrupt requests (CMIB) are enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Selects whether CMFA interrupt
requests (CMIA) are enabled or disabled when the CMFA flag in TCSR is set to 1.

Bit 6

CMIEA Description

0 CMFA interrupt requests (CMIA) are disabled (Initial value)
1 CMFA interrupt requests (CMIA) are enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether OVF interrupt requests
(OV1) are enabled or disabled when the OVF flag in TCSR is set to 1.

Bit 5

OVIE Description

0 OVF interrupt requests (OVI) are disabled (Initial value)
1 OVF interrupt requests (OVI) are enabled

Bits 4 and 3—Counter Clear 1 and 0 (CCLR1 and CCLRO): These bits select the method by
which TCNT is cleared: by compare match A or B, or by an external reset input.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Clear by compare match A

1 0 Clear by compare match B
1 Clear by rising edge of external reset input

Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKSO0): These bits select whether the clock input to
TCNT is an internal or external clock.

Three internal clocks can be selected, all divided from the system clock (¢): ¢/8, ¢/64, and $/8192.
The falling edge of the selected internal clock triggers the count.

Rev.6.00 Sep. 27, 2007 Page 562 of 1268
REJ09B0220-0600
RENESAS



Some functions differ between channel 0 and channel 1.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSo Description
0 0 0 Clock input disabled (Initial value)
1 Internal clock, counted at falling edge of ¢/8
1 0 Internal clock, counted at falling edge of ¢/64
1 Internal clock, counted at falling edge of ¢/8192
1 0 0 For channel 0: count at TCNT1 overflow signal™
For channel 1: count at TCNTO compare match A*
1 External clock, counted at rising edge
1 0 External clock, counted at falling edge
1 External clock, counted at both rising and falling edges

Note: *If the count input of channel 0 is the TCNT1 overflow signal and that of channel 1 is the
TCNTO compare match signal, no incrementing clock is generated. Do not use this setting.

12.2.5 Timer Control/Status Registers 0 and 1 (TCSRO, TCSR1)

TCSRO

Bit : 7 6 5 4 3 2 1 0
\ CMFB‘ CMFA \ OVF \ ADTE \ 0Ss3 \ 0s2 \ os1 \ 0S0

Initial value : 0 0 0 0 0 0 0 0

RIW RIW)*  R/(W)* RIW)* RMW RIW RIW RIW RIW

TCSR1

Bit : 7 6 5 4 3 2 1 0
\ CMFB‘ CMFA \ OVF \ — \ 0s3 \ 0s2 \ os1 \ 0S0

Initial value : 0 0 0 1 0 0 0 0

RIW RIW)*  R/(W)* RI(W)* — RIW RIW RIW RIW

Note: *Only 0 can be written to bits 7 to 5, to clear these flags.
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TCSRO is initialized to H'00, and TCSR1 to H'10, by a reset and in hardware standby mode.

Bit 7—Compare Match Flag B (CMFB): Status flag indicating whether the values of TCNT and
TCORB match.

Bit 7
CMFB Description
0 [Clearing conditions] (Initial value)

e Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB

e When DTC is activated by CMIB interrupt while DISEL bit of MRB in DTC is 0
1 [Setting condition]

Set when TCNT matches TCORB

Bit 6—Compare Match Flag A (CMFA): Status flag indicating whether the values of TCNT and
TCORA match.

Bit 6
CMFA Description
0 [Clearing conditions] (Initial value)

o Cleared by reading CMFA when CMFA = 1, then writing O to CMFA

e When DTC is activated by CMIA interrupt while DISEL bit of MRB in DTC is 0
1 [Setting condition]

Set when TCNT matches TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag indicating that TCNT has overflowed (changed
from H'FF to H'00).

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Cleared by reading OVF when OVF = 1, then writing 0 to OVF

1 [Setting condition]

Set when TCNT overflows from H'FF to H'00
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In TCSR1, this bit is reserved: it is always read as 1 and cannot be modified.

Bit 4

ADTE Description

0 A/D converter start requests by compare match A are disabled (Initial value)
1 A/D converter start requests by compare match A are enabled

Bits 3 to 0—Output Select 3 to 0 (OS3 to OS0): These bits specify how the timer output level is
to be changed by a compare match of TCOR and TCNT.

Bits OS3 and OS2 select the effect of compare match B on the output level, bits OS1 and OSO
select the effect of compare match A on the output level, and both of them can be controlled
independently.

Note, however, that priorities are set such that: toggle output > 1 output > 0 output. If compare
matches occur simultaneously, the output changes according to the compare match with the higher
priority.

Timer output is disabled when bits OS3 to OSO0 are all 0.

After a reset, the timer output is O until the first compare match event occurs.

Bit 3 Bit 2

0s3 0Ss2 Description

0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs

1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)

Bit 1 Bit 0

0s1 (O1{0] Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Output is inverted when compare match A occurs (toggle output)
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MSTPCRH MSTPCRL

Bit : 15 14 183 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initalvalue: 0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W RW RW RW

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP12 bit in MSTPCR is set to 1, the 8-bit timer operation stops at the end of the bus
cycle and a transition is made to module stop mode. Registers cannot be read or written to in
module stop mode. For details, see section 21.5, Module Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 12—Module Stop (MSTP12): Specifies the 8-bit timer module stop mode.

Bit 12

MSTP12  Description

0 8-bit timer module stop mode cleared

1 8-bit timer module stop mode set (Initial value)
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12.3.1 TCNT Incrementation Timing
TCNT is incremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (¢/8, ¢/64, or $/8192) divided from the
system clock (¢) can be selected, by setting bits CKS2 to CKS0 in TCR. Figure 12.2 shows the
count timing.

: o e e e e e N e

Internal clock —| ( | |

Clock input
to TCNT

( (

TCNT =D N ! X N+
) )

Figure 12.2 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKSO0 in
TCR: at the rising edge, the falling edge, and both rising and falling edges.

Note that the external clock pulse width must be at least 1.5 states for incrementation at a single
edge, and at least 2.5 states for incrementation at both edges. The counter will not increment
correctly if the pulse width is less than these values.

Figure 12.3 shows the timing of incrementation at both edges of an external clock signal.
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External clock —
input pin ( |—

Clock input

to TCNT ( S
(J

TCNT N-1 X N X N+1

Figure 12.3 Count Timing for External Clock Input

12.3.2 Compare Match Timing

Setting of Compare Match Flags A and B (CMFA, CMFB): The CMFA and CMFB flags in
TCSR are set to 1 by a compare match signal generated when the TCOR and TCNT values match.
The compare match signal is generated at the last state in which the match is true, just before the
timer counter is updated.

Therefore, when TCOR and TCNT match, the compare match signal is not generated until the
next incrementation clock input. Figure 12.4 shows this timing.

¢ S

TCNT N X N+1

TCOR N
Compare match
signal

\

CMF |

Figure 12.4 Timing of CMF Setting
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change to 0, change to 1, or toggle.

Figure 12.5 shows the timing when the output is set to toggle at compare match A.

¢ 1 e e Y o I o
Compare match A4,—| ,—l
signal (« \

-

Timer output pin |

Figure 12.5 Timing of Timer Output

Timing of Compare Match Clear: The timer counter is cleared when compare match A or B
occurs, depending on the setting of the CCLR1 and CCLRO bits in TCR. Figure 12.6 shows the
timing of this operation.

¢ S B
Compare match ,—l
signal

\

TCNT N X H00

Figure 12.6 Timing of Compare Match Clear
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TCNT is cleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bits in TCR. The clear pulse width must be at least 1.5 states. Figure 12.7
shows the timing of this operation.

¢ S O

External reset
input pin |

Clear signal

TCNT N-1 X N X H00

Figure 12.7 Timing of Clearance by External Reset

12.3.4  Timing of Overflow Flag (OVF) Setting

The OVF in TCSR is set to 1 when TCNT overflows (changes from H'FF to H'00). Figure 12.8
shows the timing of this operation.

¢ S

TCNT HEE X H'00

Overflow signal

\

OVF

Figure 12.8 Timing of OVF Setting
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If bits CKS2 to CKSO in either TCRO or TCR1 are set to B’100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit counter
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match counter mode). In this case, the timer operates as below.

16-Bit Counter Mode: When bits CKS2 to CKS0 in TCRO are set to B'100, the timer functions
as a single 16-bit timer with channel 0 occupying the upper 8 bits and channel 1 occupying the
lower 8 bits.

e Setting of compare match flags
— The CMF flag in TCSRO is set to 1 when a 16-bit compare match event occurs.
— The CMF flag in TCSRL1 is set to 1 when a lower 8-bit compare match event occurs.
o Counter clear specification
— If the CCLR1 and CCLRO bits in TCRO have been set for counter clear at compare match,
the 16-bit counter (TCNTO and TCNT1 together) is cleared when a 16-bit compare match
event occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter
clear by the TMRIO pin has also been set.
— The settings of the CCLR1 and CCLRO bits in TCR1 are ignored. The lower 8 bits cannot
be cleared independently.
e Pin output
— Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO is in accordance with
the 16-bit compare match conditions.
— Control of output from the TMO1 pin by bits OS3 to OS0 in TCSR1 is in accordance with
the lower 8-bit compare match conditions.

Compare Match Counter Mode: When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts
compare match A’s for channel 0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clear are in accordance with the
settings for each channel.

Usage Note: If the 16-bit counter mode and compare match counter mode are set simultaneously,
the input clock pulses for TCNTO and TCNT1 are not generated and thus the counters will stop
operating. Software should therefore avoid using both these modes.
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12.4.1  Interrupt Sources and DTC Activation

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are
shown in table 12.3. Each interrupt source is set as enabled or disabled by the corresponding
interrupt enable bit in TCR, and independent interrupt requests are sent for each to the interrupt
controller. It is also possible to activate the DTC by means of CMIA and CMIB interrupts.

Table 12.3 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description DTC Activation Priority
0 CMIAO Interrupt by CMFA Possible High
CMIBO Interrupt by CMFB Possible
ovio Interrupt by OVF Not possible
1 CMIAL Interrupt by CMFA Possible
CMIB1 Interrupt by CMFB Possible
ovii Interrupt by OVF Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

12.4.2  A/D Converter Activation
The A/D converter can be activated only by channel 0 compare match A.

If the ADTE bit in TCSRO is set to 1 when the CMFA flag is set to 1 by the occurrence of channel
0 compare match A, a request to start A/D conversion is sent to the A/D converter. If the 8-bit
timer conversion start trigger has been selected on the A/D converter side at this time, A/D
conversion is started.
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In the example below, the 8-bit timer is used to generate a pulse output with a selected duty cycle,
as shown in figure 12.9. The control bits are set as follows:

[1] In TCR, bit CCLR1 is cleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared when its value matches the constant in TCORA.

[2] In TCSR, bits OS3 to OSO0 are set to B'0110, causing the output to change to 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides output of