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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
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.
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.
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.
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 )
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.
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.
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.
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.
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.

. 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.

. 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.

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

approval from Renesas.

. 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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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed 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 part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.
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How to Use This Manua

1. Objective and Target Users
This manual was written to explain the hardware functions and electrical characteristics of this
LSl to the target users, i.e. those who will be using thisL Sl in the design of application
systems. Target users are expected to understand the fundamentals of electrical circuits, logic
circuits, and microcomputers.
Thismanual is organized in the following items: an overview of the product, descriptions of
the CPU, system control functions, and peripheral functions, electrical characteristics of the
device, and usage notes.

When designing an application system that includes this LSI, take all points to note into
account. Points to note are given in their contexts and at the final part of each section, and
in the section giving usage notes.

The list of revisions is a summary of major points of revision or addition for earlier versions.
It does not cover all revised items. For details on the revised points, see the actual locations
in the manual.

The following documents have been prepared for the H8S5/2426, H8S/2426R, H8S/2424
Group. Before using any of the documents, please visit our web site to verify that you have the
most up-to-date available version of the document.

Document Type Contents Document Title Document No.

Data Sheet Overview of hardware and electrical — —
characteristics

Hardware Manual Hardware specifications (pin H8S/2426, H8S/2426R, This manual
assignments, memory maps, H8S/2424 Group

peripheral specifications, electrical Hardware Manual
characteristics, and timing charts)
and descriptions of operation

Software Manual Detailed descriptions of the CPU H8S/2600 Series REJ09B0139
and instruction set H8S/2000 Series Software
Manual
Application Note Examples of applications and The latest versions are available from our
sample programs web site.

Renesas Technical Preliminary report on the
Update specifications of a product,
document, etc.

Rev. 1.00 Sep. 19, 2008 Page v of xxviii
RENESAS



2. Description of Numbers and Symbols

Aspects of the notations for register names, bit names, numbers, and symbolic namesin this
manual are explained below.

(1) Overall notation

In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms
"module name"."register name"."bit name" or "register name"."bit name".

(2) Register notation
The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.
[Example] CMCSR_O0: Indicates the CMCSR register for the compare-match timer of channel 0.

(3) Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAQ or OXEFAQ
Decimal: 1234

(4) Notation for active-low

An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF

4) ()

14.2.2 Compare Match Control/Status Register_0, _1(CMCSR_0,CMCSR_1)
CMCSR indicates compar ation, enables or disables interrupts, and selects the counter

clock. Generation offa WDTOVE $i injtializesthe TCNT valueto 0. r

14.3
14.3.1 Interval Count Operation

When an internal clock is selected with the CKS1 and CK S0 hitsin CMCSR and the STR bit in
CMSTRIisset to 1, CMCNT starts incrementing using the selected clock. When

CMCNT and the compare match constant register (CM COR) match, CMCNT i cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CK SO bits are set '01 at thistimé,
af/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
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(©))
Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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3. Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Table of Bits] (V) @)
Bit| Bit Name

(©)

nitial Value R/W Description

4) (5)

15 -
14 -

i Reserved
R These bits are always read as 0. )

13to 11 ASID2 to All O R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved
This bit is always read as 0.
9 - 1 R Reserved

This bit is always read as 1.

¢

Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this

manual.

(1) Bit

Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

(2) Bitname

Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is

included (e.g., ASID[3:0]).

A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.

(3) Initial value

Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined

(4) RIW

For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.

The notation is as follows:

R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.

—~
o

Description

Describes the function of the bit or field and specifies the values for writing.
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4. Description of Abbreviations
The abbreviations used in this manual are listed below.

o Abbreviations specific to this product

Abbreviation

Description

BSC Bus controller

CPG Clock pulse generator

INT Interrupt controller

SCI Serial communication interface
TMR 8-bit timer

TPU 16-bit timer pulse unit

WDT Watchdog timer

e Abbreviations other than those listed above

Abbreviation

Description

ACIA

Asynchronous communication interface adapter

bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications
Hi-Z High impedance

IEBus Inter Equipment Bus (IEBus is a trademark of NEC Electronics Corporation.)
I/0 Input/output

IrDA Infrared Data Association

LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation

SFR Special function register

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1l Overview

1.1 Features

The H8S5/2426 Group, H8S/2426R Group, and H85/2424 Group are CISC (Complex Instruction
Set Computer) microprocessors that integrate an H8S/2600 CPU core, which has an internal 16-bit
architecture and is upward-compatible with Renesas Technology original H8/300, H8/300H, and
H8S CPUs.

The on-chip peripheral functions provided for enabling system configuration at alow cost are the
DMA controller, EXDMA controller*, data transfer controller, serial communication interface, 1°C
bus interface 2, synchronous serial communication unit, A/D converter, D/A converter, and
various timers. On-chip ROM is flash memory whose size is 256 Kbytes and 128 Kbytes.

Note: * Not supported by the H8S/2424 Group.

111 Applications

Application field examples: PC peripheral equipment, office automation equipment, consumer
equipment, etc.

112 Overview of Specifications

The specifications of this LS| are summarized in table 1.1.
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Section 1 Overview

Tablel.l Overview of Specifications

Module/
Type Function

Description

Memory ROM

Expanded ROM: Flash memory version,
256 Kbytes and 128 Kbytes

ROM-less version

RAM

RAM size: 64 Kbytes (in planning) and 48 Kbytes

CPU CPU

16-bit high-speed H8S/2600 CPU (CISC type)

Upward-compatible with H8/300, H8/300H, and H8S CPUs on
an object level

General register mode (Sixteen 16-bit general registers)

Eight addressing modes

Address space: 4 Gbytes (program: 4 Gbytes, data: 4 Gbytes)
Number of basic instructions

69 types (arithmetic and logic, multiply and divide, bit-
manipulation, and multiply-and-accumulate instructions)

Minimum instruction execution time (ns)

30.3 ns when system clock ¢ = 33 MHz and Vcc =3.0t0 3.6 V
(ADD instruction)

Multiplier is included (16 x 16 — 32 bits)

Multiply-and-accumulate instructions are supported (16 x 16 +
32 — 32 bits)

Operating mode

Advanced mode
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Section 1 Overview

Module/
Type Function Description
CPU MCU operating e Mode 1: Expanded mode with on-chip ROM disabled,
mode 16-bit bus (MD2 and MD1 pins are low and MDO
pin is high)
e Mode 2: Expanded mode with on-chip ROM disabled,
8-bit bus (MD2 pin is low, MD1 pin is high, and
MDO pin is low)
e Mode 3: Boot mode (MD2 pin is low and MD1 and MDO pins
are high)
e Mode 4: Expanded mode with on-chip ROM enabled,
8-bit bus (MD2 pin is high and MD1 and MDO pins
are low)
e Mode 7: Single-chip mode (MD2, MD1, and MDO pins are
high)
e Power-down modes (a power-down mode is entered when the
SLEEP instruction is executed)
Interrupts  Interrupt controller e External interrupt pins
(sources) H8S/2426 Group, H85/2426R Group:
33 pins (NMI, IRQ15-A to IRQO-A, IRQ15-B to IRQ0-B)
H8S/2424 Group:
17 pins (NMI, IRQ7-A to IRQO-A, IRQ7-B to IRQ0-B)
e |Internal interrupt sources
H8S/2426 Group, H8S/2426R Group: 102 sources
H8S/2424 Group: 100 sources
e Two interrupt control modes (specified by the interrupt control
register)
e Eight priority levels can be set (specified by the interrupt
priority registers)
¢ Independent vector addresses
DMA DMA controller o DMA transfer is possible on four channels

(DMAC)

Three activation sources (auto-request, on-chip module
interrupt, and external request)

Byte or word can be set as the transfer unit
Short address mode or full address mode can be selected

16-Mbyte address space can be specified directly
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Module/
Type Function Description
DMA EXDMA controller e DMA transfer is possible on two channels
(EXDMAC) e Two activation sources (auto-request and external request)
¢ Two transfer modes (normal mode and block transfer mode)
e Dual address mode or single address mode can be selected
¢ 16-Mbyte address space can be specified directly
¢ Repeat area can be set
Note: * EXDMAC is supported only by the H8S/2426 Group
and H8S/2426R Group.
Data transfer e Transfer is possible on any number of channels

controller (DTC)

An interrupt source can trigger data transfer (chain transfer is
possible)

Three transfer modes (normal mode, repeat mode, and block
transfer mode)

Byte or word can be set as the transfer unit
Activation by software is possible

External Bus controller .
bus (BSC)
extension

External address space: 16 Mbytes

Manages the external address space divided into eight areas
Chip select signals (CS0 to CS7) can be output

8-bit access or 16-bit access can be selected

2-state access or 3-state access can be selected

Program wait states can be inserted

External memory interfaces (burst ROM, DRAM, synchronous
DRAM*', address/data multiplexed I/O)

Bus arbitration function (bus arbitration of the bus masters
CPU, DTC, DMAC, and EXDMAC)

Clock Clock pulse .
generator (CPG)

This LSI has a single on-chip clock pulse generator circuit
Consists of an oscillator, a system-clock PLL circuit, a divider,
and the system clock frequency can be changed

System clock (¢) cycle: 8 to 33 MHz

Six power-down modes

Divided clock mode, sleep mode, module stop function, all
module clock stop mode, software standby mode, and
hardware standby mode

Rev. 1.00 Sep. 19, 2008 Page 4 of 1270

REJ09B0466-0100

RENESAS



Section 1 Overview

Type

Module/
Function

Description

A/D
converter

A/D converter
(ADC)

Two units

10-bit resolution

Number of input channels

H8S/2426 Group and H8S/2426R Group: 16 channels
— Unit 0: 8 channels

— Unit 1: 8 channels

H8S/2424 Group: 10 channels

— Unit 0: 8 channels

— Unit 1: 2 channels

Sample and hold functionality

Conversion time: 4.0 us per channel (when A/D conversion
clock is set to 10 MHz)

Two kinds of operating modes (single mode and scan mode)

Three types of A/D conversion start (software, trigger by timer
(TPU or TMR), or external trigger)

D/A
converter

D/A converter
(DAC)

Resolution (8 bits) x Number of output channels (2 channels)
Conversion time: Maximum 10 us (with 20-pF load)
Output voltage: 0 V to Vref

Timer

16-bit timer pulse
unit (TPU)

16-bit timer x 12 channels (general pulse timer unit)

Eight counter input clocks can be selected for each channel
Maximum 16-pulse input/output (when external expanded
mode is set)

Maximum 32-pulse input/output (when single-chip mode is
set)

Counter clear operation, simultaneous write to multiple timer
counters (TCNT), simultaneous clearing by compare match
and input capture, register simultaneous input/output possible
by counter synchronous operation, and maximum of 15-phase
PWM output by combination with synchronous operation
Buffer operation, phase counting mode (two-phase encoder
input), and cascaded operation settable for channels

Input capture function
Output compare function (waveform output at compare match)
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Module/
Type Function Description
Timer 8-bit timer (TMR) e  8-bit timer x 2 channels (operation as a 16-bit timer is also
possible)
¢ Selection of seven clock sources: Six internal clock signals or
an external clock input
e Pulse output with an arbitrary duty cycle or PWM output
Programmable e 16-bit pulse output
?slljs(ea)generator Pulse outputs are divided into four groups
Non-overlap mode is available
Inverted output can be specified
e Can operate together with the data transfer controller (DTC)
and DMA controller (DMAC)
Watchdog Watchdog timer e 8-bit timer x 1 channel (eight counter input clocks can be
timer (WDT) selected)
¢ Switchable between watchdog timer mode and interval timer
mode
Serial Serial ¢ Five channels (asynchronous or clocked synchronous serial
interface  communication communication mode)
interface (SCI) L o
Full-duplex communication capability
e Choice of any bit rate and choice of LSB-first or MSB-first
Smart SCI supports Smart Card (SIM) interface
Card/SIM
High- I°C bus interface 2 e Four channels
function . (lez) ¢ Continuous transmission/reception
communi-
cations e Start and stop conditions generated automatically in master

mode
Selection of acknowledge output levels when receiving
Automatic loading of acknowledge bit when transmitting

Bit synchronization/wait function

Synchronous serial
communication
unit (SSU)

One channel

Master mode or slave mode can be selected
Standard mode or bidirectional mode can be selected
Full-duplex communication capability

Consecutive serial communication capability
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Module/
Type Function

Description

I/O ports

Input-only pins: 18 (144-pin version), 17 (145-pinersion)*?,
11 (120-pin version)

Input/output pins: 96 (144-pin version or 145-pin version)*?,
83 (120-pin version)

Pull-up resistor pins: 40

Open-drain pins: 91

Package

144-pin QFP package (PLQP0144KA-A)

(code: FP-144LV, body size: 20 x 20 mm, pin pitch: 0.50 mm)
145-pin TLP package (PTLG0145JB-A)

(body size: 9 x 9 mm, pin pitch: 0.65 mm)

120-pin QFP package (PLQP0120LA-A)

(code: FP-120BV, body size: 14 x 14 mm, pin pitch: 0.40 mm)
Pb-free package

Operating frequency/
power supply voltage

Operating frequency: 8 to 33 MHz
Power supply voltage: V. =3.0t0 3.6 V, AV =3.0t0 3.6 V

Current consumption: 55 mA typ. (V.. =3.3V, AV =33V,
¢ = 33 MHz)

Operating environment
temperature (°C)

—20°C to +75°C (regular specifications)

Note: 1. Supported only by the H8S/2426R Group.
2. Note that the function of 145-pin version partly differs from that of 144-pin version.
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1.2 List of Products

Table 1.2 lists the products and figure 1.1 shows how to read the product type name.

Tablel.2 Products

Product Type

Name ROM Size RAM Size Package Remarks
R4F2426 256 Kbytes 64 Kbytes PLQPO144KA-A Flash memory version
R4F2426R 128 Kbytes 48 Kbytes PTLGO145JB-A*
R4F2424 256 Kbytes 64 Kbytes PLQPO120LA-A Flash memory version
128 Kbytes 48 Kbytes
Note: * In planning
Product type name
R i F 2426 8

Indicates memory size classification:
On-chip memory size

Indicates "product original type number":

H8S/2426

Indicates the ROM device type:

F: On-chip ROM
S: ROM-less

Indicates the product classification:
Microprocessor

Indicates "Renesas semiconductor"”

Figurel.1 Meaning of Product Type Name
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Notes: 1. Not available in the H8S/2426 Group.

2. Can be used only in FP-144LV.

3. Pins BSCANE, TD1, TMS, TCK, TRST, and TDO can be used only in TLP-145V. (under development)

Figure 1.2 Block Diagram of H85/2426 Group and H8S/2426R Group
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Section 1 Overview
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Figure1.3 Block Diagram of H85/2424 Group
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Section 1 Overview

14 Pin Description

141 Pin Assignments
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PG2/CS2/RAS2/RAS B 7219 Vee
PG3/CS3/RAS3/CAS*! 713 PE7/D7/AD7
Vee 700 Vss
Vref 69| PE6/D6/AD6
P40/ANO_0 681 PE5/D5/AD5
P41/AN1_0 67| PE4/D4/AD4
P42/AN2_0 661 PE3/D3/AD3

P43/AN3_O 6501 PE2/D2/AD2

P44/AN4_0 643 PE1/D1/AD1

PAS/ANS_0 630 PEO/DO/ADO

PA46/ANG_O

P47/AN7_0 B/POS-B/TIOCBA-B/TMO1-B/SCKY/EDACK3

PIO/ANE_1 EDACK2

P91/AN9 1 PO3-B/TIOCD3-B/TMCI1-B/RXDY/ETENDS
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PO3/ANTI 1 POB/TIOCAS/SDA2/ADTRGT
P94/ANT2_1/DA2 H88/2426 Group, RQ13-B/PO5-ATIOCBA-A
P9S/AN13_1/DA3 H8S/2426R Group /PO4-ATTIOCA4-A/RXDA-A

P96/AN14_1 PLQP0144KA-A PO3-A/TIOCD3/TxD4-A

P97/AN15_1 FP-144LV yPO2ATIOCCE A

(Top view) 51 [0 P20/IRQB-B/PO0-ATTIOCAS-A

50 Vss

490 P17/PO15/TIOCB2/TCLKD/EDRAK3/SCS0-A
480 P16/PO14/TIOCA2/EDRAK2/SSCKO-A

473 P15/PO13/TIOCB1/TCLKC/SSI0-A

460 P14/PO12/TIOCA1/SSO0-A

453 P13/PO11/TIOCDO/TCLKB

443 P12/PO10/TIOCCO/TCLKA

433 P11/PO9/TIOCBO

423 P10/PO8/TIOCAD

PG6/BREQ-A
P50/BREQO-B/IRQ0-A/PO0-B/TIOCA3-B/TMRI0-B/TxD2/SDA3
P51/BREQ-B/IRQ1-A/PO2-B/TIOCC3-B/TMCI0-B/RxD2/SCL3
P52/BACK-B/IRQ2-A/PO4-B/TIOCA4-B/TMO0-B/SCK2
P53/IRQ3-A/ADTRGO-A

P35/0E-B/CKE-B*'/SCK1/SCLO

P34/SCK0/SCK4-A/SDAO

P33/RxD1/SCL1

P32/RxD0/IrRxD/SDA1

P31/TxD1

P30/TxDO/NFTXD

MDO

CKE-A*1IRQ7-B

MD1 - o~ N0~ © < 1 371 PH2/CS6/RQ6-B
wo AIILLENR 388
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EH < 88 8 £ £33 s
8883 p5pBELE 280 & 322 292 #
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=3 S < eEg 0.14F
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28 2 = T (recommended value)
T ;

P81/IRQ1-B/PO1-B/TIOCB3-B/TMRI1-B/TxD3/EDREQ3 []33

Notes: 1. Not available in the H8S/2426 Group.
2. Emulator enable pin. In normal operating mode, this pin should be fixed low.

Driving this pin high in the flash-memory version enables the on-chip emulation function.

When the on-chip emulation function is in use, pins P53, PG4, PG5, PGS, and WDTOVF are used exclusively as the on-chip emulator pins.
. The VCL pin should be connected to an external capacitor.

w

Figure1.4 Pin Assignmentsfor H85/2426 Group and H8S/2426R Group (1)
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Section 1 Overview

1 2 3 4 5 6 7 8 9 10 11 12 13
A Vss | MD1 | MDO | P32 P35 | P50 | AVss | P94 | P90 P44 | P40 | PG2 | PG3
B MD2 | Vcc P31 P34 | P51 PG4 | P93 P47 | P45 P42 | AVcc | Vref | PG1
C PCO | P80 PCA1 P30 P33 | P52 | PG5 | P92 | P46 P43 | P41 PGO | P65
D PC4 | PC2 | PC3 | P53 | PG6 | P97 | P96 P95 | P91 P63 PJO | P64 | STBY
E PC7 | Vss PC5 | PBO NC Vss Vce PJ1 Vce
F PB3 | PC6 PB1 Vss PF7 | Vss | XTAL |EXTAL
H8S/2426 Group,
H8S/2426R Group
G PB6 | PB2 PAO | PB4 PTLG0145JB-A PF6 | RES | PF5 |PLLVss
(Perspective top view)
H Vss PB7 PA3 | PB5 PF2 | PF4 | PF1 |PLLVcc
J PA5 PA2 PA7 | PA1 P62 | PFO | P60 | PF3
K |EMLE | PA6 P82 | PA4 P15 | P16 | P27 P83 | PEO | PE4 | PD7 | PD6 | P61
L PHO | P81 VCL | P12 P17 | P20 | P21 P26 |Bscane| PE3 | PD4 | PD2 | PD5
M PH1 PH3 |wDTOVF| P11 P13 P22 P24 P85 PE2 PE6 Vss PD3 | PDO
N NMI | PH2 P10 | P14 | Vss P23 | P25 P84 | PE1 PE5 | PE7 Vcc | PD1

Note: Connect NC to VSS or leave it open.

The VCL pin must be connected to an external capacitor (recommended value: 0.1 uF).

* Boundary scan enable pin. When the boundary scan function is used, this pin should be fixed high.
At this time, pins P53, PG4 to PG6, and WDTOVF are used exclusively for boundary scan. Therefore,
the corresponding pin functions of those pins are not available. When the boundary scan function is not

used, this pin should be fixed low.

Figure1.5 Pin Assignmentsfor H85/2426 Group and H85/2426R Group (2)
(LGA isin Planning)
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Section 1 Overview
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PG5/BACK-A (Top view) 44 [7 P22/PO2-ATIOCC3-A/TMCIO-A
PG6/BREQ-A P 43 [0 P21/PO1-ATIOCB3-ATTMRI1-A
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P32/RxDO/IrRXD/SDA1 35 [0 P11/DREQI/PO9/TIOCB0
/TxD1 34 [J P10/DREQO/POS/TIOCAD
P30/TXDO/IFTXD 33 [ vz
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Notes: 1. Emulator enable pin. In normal operating mode, this pin should be fixed low.

Driving this pin high in the flash-memory version enables the on-chip emulation function.

When the on-chip emulation function is in use, pins P53, PG4, PG5, PG6, and WDTOVF are used exclusively as the on-chip emulator pins.
. The Vel pin should be connected to an external capacitor.

o

Figure1.6 Pin Assignmentsfor H8S/2424 Group
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Section 1 Overview

14.2 Pin Assignmentsin Each Operating M ode
Table1.3 Pin Assignmentsin Each Operating M ode of H8S/2426 Group and H8S/2426R
Group
Pin No. Pin Name
145-Pin*® Mode 7 Flash Memory
L (LGA-145in Programmer

144-Pin** pianning) Mode 1 Mode 2 Mode 4 EXPE =1 EXPE =0 Mode

1 B1 MD2 MD2 MD2 MD2 MD2 Vss

2 Al Vss Vss Vss Vss Vss Vss

3 Cc2 P80/IRQ0-B/ P80/IRQ0-B/ P80/IRQO-B/ P80/IRQO-B/ P80/IRQ0-B/ NC

EDREQ2 EDREQ2 EDREQ2 EDREQ2 EDREQ2

4 B2 Vee Vee Vee Vee Vece Vee

5 C1 A0 A0 PCO/A0 PCO0/A0 PCO/TIOCA9 A0

6 C3 Al Al PC1/A1 PC1/A1 PC1/TIOCB9 Al

7 D2 A2 A2 PC2/A2 PC2/A2 PC2/TIOCC9 A2

8 D3 A3 A3 PC3/A3 PC3/A3 PC3/TIOCD9 A3

9 D1 A4 A4 PC4/A4 PC4/A4 PC4/TIOCA10 A4

10 E2 Vss Vss Vss Vss Vss Vss

1 E3 A5 A5 PC5/A5 PC5/A5 PC5/TIOCB10 A5

12 F2 A6 A6 PC6/A6 PC6/A6 PC6/TIOCA11 A6

13 E1 A7 A7 PC7/A7 PC7/A7 PC7/TIOCB11 A7

14 E4 A8 A8 PBO0/A8 PBO/A8 PBO/TIOCA6 A8

15 F3 A9 A9 PB1/A9 PB1/A9 PB1/TIOCB6 A9

16 G2 A10 A10 PB2/A10 PB2/A10 PB2/TIOCC6/ A10
TCLKE

17 F1 A1 A1 PB3/A11 PB3/A11 PB3/TIOCD6/ A1
TCLKF

18 F4 Vss Vss Vss Vss Vss Vss

19 G4 A12 A12 PB4/A12 PB4/A12 PB4/TIOCA7 A12

20 H4 A13 A13 PB5/A13 PB5/A13 PB5/TIOCB7/ A13
TCLKG

21 G1 A14 A14 PB6/A14 PB6/A14 PB6/TIOCA8 A14

22 H2 A15 A15 PB7/A15 PB7/A15 PB7/TIOCB8/ A15
TCLKH

23 G3 A16 A16 PAO/A16 PAO/A16 PAO A16

24 J4 A17 A17 PA1/A17/TxD4-B PA1/A17/TxD4-B PA1/TxD4-B A17
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Section 1 Overview

Pin No. Pin Name
145-Pin** Mode 7 Flash Memory
o (LGA-145in Programmer
144-Pin*" pianning) Mode 1 Mode 2 Mode 4 EXPE =1 EXPE =0 Mode
25 H1 Vss Vss Vss Vss Vss Vss
26 J2 A18 A18 PA2/A18/RxD4-B PA2/A18/RxD4-B PA2/RxD4-B A18
27 H3 A19 A19 PA3/A19/SCK4-B PA3/A19/RxD4-B PA3/SCK4-B NC
28 K4 A20/[RQ4-A  A20/IRQ4-A PA4/A20/IRQ4-A/ PA4/A20/IRQ4-A/ PA4/IRQ4-A/ NC
29 Ji PA5/A21/ PA5/A21/ PA5/A21/ PA5/A21/ PA5/ NC
TRQ5- TRQ5-A/SSCKO0-B TRQ5-A/SSCKO-B TRQ5-A/SSCK0-B TRQ5-A/SSCK0-B
A/SSCKO-B
30 K2 PA6/A22/ PA6/A22/ PA6/A22/ PA6/A22/ PA6/ NC
IRQ6-A/SSI0- IRQ6-A/SSI0-B  IRQB-A/SSIO-B  IRQ6-A/SSI0-B - IRQ6-A/SSI0-B
B
31 J3 PA7/A23/ PA7/A23/ PA7/A23/ PA7/A23/ PA7/ NC
RQ7- TRQ7-A/SS00-B  IRQ7-A/SS00-B TRQ7-A/SSO0-B  IRQ7-A/SSO0-B
A/SS00-B
32 K1 EMLE EMLE EMLE EMLE EMLE Vss
33 L2 P81/IRQ1-B/ P81/IRQ1-B/ P81/IRQ1-B/ P81/IRQ1-B/ P81/IRQ1-B/ NC
PO1-B/ PO1-B/ PO1-B/ PO1-B/ PO1-B/
TIOCB3-B/  TIOCB3-B/ TIOCB3-B/ TIOCB3-B/ TIOCB3-B/
TMRI1- TMRI1-B/TxD3/ TMRI1-B/TxD3/ TMRI1-B/TxD3/ TMRI1-
B/TxD3/ EDREQ3 EDREQS3 EDREQ3 B/TxD3/EDREQ3
EDREQ3
34 K3 P82/IRQ2-B/ P82/IRQ2-B/ P82/IRQ2-B/ P82/IRQ2-B/ P82/IRQ2-B NC
ETEND2 ETEND2 ETEND2 ETEND2*®
35 L1 PHO0/CS4/ PHO/CS4/ PHO0/CS4/ PHO0/CS4/ PHO NC
36 M1 PH1/CS5/ PH1/CS5/ PH1/CS5/ PH1/CS5/ PH1/ NC
RAS5/SDRA RAS5/SDRAM *' RAS5/SDRAM *' RAS5/SDRAM *' SDRAM *'
M *'
37 N2 PH2/CS6/IRQ PH2/CS6/IRQ6-B PH2/CS6/IRQ6-B PH2/CS6/IRQ6-B PH2/IRQ6-B NC
6-B
38 M2 PH3/CS7/ PH3/CS7/ PH3/CS7/ PH3/CS7/ PH3/IRQ7-B NC
OE-A/CKE- OE-A/CKE-A*'/ OE-A/CKE-A*'/  OE-A/CKE-A*"/
A+ IRQ7-B IRQ7-B IRQ7-B
RQ7-B
39 M3 WDTOVF/TD WDTOVF/TDO** WDTOVF/TDO** WDTOVF/TDO** WDTOVF/TDO** NC
O*®
40 N1 NMI NMI NMI NMI NMI Vee
4 L3 VCL VCL VCL VCL VCL VCL
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Pin No. Pin Name
145-Pin*° Mode 7 Flash Memory
o (LGA-145in Programmer

144-Pin*" pianning) Mode 1 Mode 2 Mode 4 EXPE=1 EXPE =0 Mode

42 N3 P10/PO8/TIO P10/PO8/TIOCAO P10/PO8/TIOCAO P10/PO8/TIOCAO P10/PO8/TIOCAO0 NC
CAO0

43 M4 P11/PO9/TIO P11/PO9/TIOCBO P11/PO9/TIOCBO P11/PO9/TIOCBO P11/PO9/TIOCBO NC
CBO

44 L4 P12/PO10/ P12/PO10/ P12/PO10/ P12/PO10/ P12/PO10/ OE
TIOCCO/TCL TIOCCO/TCLKA TIOCCO/TCLKA TIOCCO/TCLKA TIOCCO/TCLKA
KA

45 M5 P13/PO11/  P13/PO11/ P13/PO11/ P13/PO11/ P13/PO11/ CE
TIOCDO/TCL TIOCDO/TCLKB TIOCDO/TCLKB TIOCDO/TCLKB TIOCDO/TCLKB
KB

46 N4 P14/PO12/  P14/PO12/ P14/PO12/ P14/PO12/ P14/PO12/ WE
TIOCA1/SSO TIOCA1/SSO0-A TIOCA1/SSO0-A TIOCA1/SSO0-A TIOCA1/SSO0-A
0-A

47 K5 P15/PO13/  P15/PO13/ P15/PO13/ P15/PO13/ P15/PO13/ NC
TIOCB1/TCL TIOCB1/TCLKC/ TIOCB1/TCLKC/ TIOCB1/TCLKC/ TIOCB1/TCLKC/
KC/ SSI0-A SSI0-A SSI0-A SSI0-A
SSI0-A

48 K6 P16/PO14/  P16/PO14/ P16/PO14/ P16/PO14/ P16/PO14/ NC
TIOCA2/ TIOCA2/ TIOCA2/ TIOCA2/ TIOCA2/
EDRAK2/ EDRAK2/ EDRAK2/ EDRAK2/ SSCKO-A
SSCKO-A SSCKO-A SSCKO0-A SSCKO0-A

49 L5 P17/PO15/  P17/PO15/ P17/PO15/ P17/PO15/ P17/PO15/ NC
TIOCB2/TCL TIOCB2/TCLKD/ TIOCB2/TCLKD/ TIOCB2/TCLKD/ TIOCB2/TCLKD/
KD/ EDRAK3/SCS0-A EDRAK3/SCS0-A EDRAKS3/SCS0-A SCS0-A
EDRAK3/SC
SO0-A

50 N5 Vss Vss Vss Vss Vss Vss

51 L6 P20/IRQ8-B/ P20/IRQ8-B/ P20/IRQ8-B/ P20/IRQ8-B/ P20/IRQ8-B/ NC
POO0- POO0-A/TIOCA3-A POO-A/TIOCA3-A POO-A/TIOCA3-A POO-A/TIOCA3-A
A/TIOCA3-A

52 L7 P21/IRQ9-B/ P21/IRQ9-B/ P21/IRQ9-B/ P21/IRQ9-B/ P21/IRQ9-B/ Vce
PO1- PO1-A/TIOCB3-A PO1-A/TIOCB3-A PO1-A/TIOCB3-A PO1-A/TIOCB3-A
A/TIOCB3-A

53 M6 P22/IRQ10-B/ P22/IRQ10-B/ P22/IRQ10-B/ P22/IRQ10-B/ P22/IRQ10-B/ NC
PO2- PO2-A/TIOCC3-A PO2-A/TIOCC3-A PO2-A/TIOCC3-A PO2-A/TIOCC3-A
A/TIOCC3-A

54 N6 P23/IRQ11-B/ P23/IRQ11-B/ P23/IRQ11-B/ P23/IRQ11-B/ P23/IRQ11-B/ NC
PO3-A/ PO3-A/ PO3-A/ PO3-A/ PO3-A/
TIOCD3-A/  TIOCD3-A/ TIOCD3-A/ TIOCD3-A/ TIOCD3-A/
TxD4-A TxD4-A TxD4-A TxD4-A TxD4-A
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Section 1 Overview

Pin No. Pin Name
145-Pin*° Mode 7 Flash Memory
o (LGA-145in Programmer
144-Pin*" pianning) Mode 1 Mode 2 Mode 4 EXPE =1 EXPE =0 Mode
55 M7 P24/IRQ12-B/ P24/IRQ12-B/ P24/IRQ12-B/ P24/IRQ12-B/ P24/IRQ12-B/ Vss
PO4-A/ PO4-A/ PO4-A/ PO4-A/ PO4-A/
TIOCA4-A/  TIOCA4-A/ TIOCA4-A/ TIOCA4-A/ TIOCA4-A/
RxD4-A RxD4-A RxD4-A RxD4-A RxD4-A
56 N7 P25/WAIT-B/ P25/WAIT-B/ P25/WAIT-B/ P25/WAIT-B/ P25/IRQ13-B/ NC
IRQ13- IRQ13-B/PO5-A/ IRQ13-B/PO5-A/ IRQ13-B/PO5- PO5-A/
B/PO5-A/ TIOCB4-A TIOCB4-A A/TIOCB4-A TIOCB4-A
TIOCB4-A
57 L8 P26/IRQ14-B/ P26/IRQ14-B/ P26/IRQ14-B/ P26/IRQ14-B/ P26/IRQ14-B/ NC
PO6/TIOCA5/ PO6/TIOCAS/ PO6/TIOCA5/ PO6/TIOCA5/ PO6/TIOCA5/
SDA2/ADTR SDA2/ADTRG1 SDA2/ADTRG1 SDA2/ADTRG1 SDA2/ADTRG1
G1
58 K7 P27/IRQ15-B/ P27/IRQ15-B/ P27/IRQ15-B/ P27/IRQ15-B/ P27/IRQ15-B/ NC
PO7/TIOCB5/ PO7/TIOCBS/ PO7/TIOCB5/ PO7/TIOCB5/ PO7/TIOCB5/
SCL2 SCL2 SCL2 SCL2 SCL2
59 K8 P83/IRQ3-B/ P83/IRQ3-B/ P83/IRQ3-B/ P83/IRQ3-B/ P83/IRQ3-B/ NC
PO3-B/ PO3-B/ PO3-B/ PO3-B/ PO3-B/
TIOCD3-B/ TIOCD3-B/ TIOCD3-B/ TIOCD3-B/ TIOCD3-B/
TMCI1- TMCIH-B/RxD3/ TMCI1-B/RxD3/ TMCI1-B/RxD3/ TMCI1-B/RxD3
B/RxD3/ ETENDS3 ETEND3 ETEND3
ETEND3
60 N8 P84/IRQ4-B/ P84/IRQ4-B/ P84/IRQ4-B/ P84/IRQ4-B/ P84/IRQ4-B/ NC
EDACK2 EDACK2 EDACK2 EDACK2
61 M8 P85/IRQ5-B/ P85/IRQ5-B/ P85/IRQ5-B/ P85/IRQ5-B/ P85/IRQ5-B/ NC
PO5-B/ PO5-B/ PO5-B/ PO5-B/ PO5-B/
TIOCB4-B/ TIOCB4-B/ TIOCB4-B/ TIOCB4-B/ TIOCB4-B/
TMO1- TMO1-B/SCK3/ TMO1-B/SCK3/ TMO1-B/SCK3/ TMO1-B/SCK3
B/SCK3/ EDACK3 EDACK3 EDACKS3
EDACKS3
62 L9 PJ2*? pPJ2*? PJ2*? PJ2*? PJ2* NC
63 K9 PEO/DO PEO/DO PEO/DO PEO/DO PEO NC
64 N9 PE1/D1 PE1/D1 PE1/D1 PE1/D1 PE1 NC
65 M9 PE2/D2 PE2/D2 PE2/D2 PE2/D2 PE2 NC
66 L10 PE3/D3 PE3/D3 PE3/D3 PE3/D3 PE3 NC
67 K10 PE4/D4 PE4/D4 PE4/D4 PE4/D4 PE4 NC
68 N10 PE5/D5 PE5/D5 PE5/D5 PE5/D5 PE5 NC
69 M10 PE6/D6 PE6/D6 PE6/D6 PE6/D6 PE6 NC
70 M11 Vss Vss Vss Vss Vss Vss
71 N11 PE7/D7 PE7/D7 PE7/D7 PE7/D7 PE7 NC
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Section 1 Overview

Pin No. Pin Name
145-Pin*° Mode 7 Flash Memory
o (LGA-145in Programmer
144-Pin*" pianning) Mode 1 Mode 2 Mode 4 EXPE = 1 EXPE =0 Mode
72 N12 Vce Vce Vce Vce Vce Vce
73 M13 D8 D8 D8 D8 PDO 1/00
74 N13 D9 D9 D9 D9 PD1 1/01
75 L12 D10 D10 D10 D10 PD2 1/02
76 M12 D11 D11 D11 D11 PD3 1/03
77 L11 D12 D12 D12 D12 PD4 1/04
78 L13 D13 D13 D13 D13 PD5 1/05
79 K12 D14 D14 D14 D14 PD6 1/06
80 K11 D15 D15 D15 D15 PD7 1107
81 J12 P60/IRQ8-A/ P60/IRQ8-A/ P60/IRQ8-A/ P60/IRQ8-A/ P60/IRQ8-A/ NC
DREQO/TMRI DREQO/TMRIO-A DREQO/TMRIO-A DREQO/TMRIO-A DREQO/TMRIO-A
0-A
82 K13 P61/IRQ9-A/ P61/IRQ9-A/ P61/IRQ9-A/ P61/IRQ9-A/ P61/IRQ9-A/ NC
DREQ1/TMRI DREQ1/TMRI1-A DREQ1/TMRI1-A DREQ1/TMRI1-A DREQ1/TMRI1-A
1-A
83 J10 P62/IRQ10-A/ P62/IRQ10-A/ P62/IRQ10-A/ P62/IRQ10-A/ P62/IRQ10-A/ NC
TENDO/TMCI TENDO/TMCIO-A TENDO/TMCIO-A TENDO/TMCIO-A TENDO/TMCIO-A
0-A
84 Ji1 PFO/WAIT-A/ PFO/WAIT-A/ PFO/WAIT-A/ PFO/WAIT-A/ PFO/ NC
ADTRGO0-B/ ADTRGO-B/ ADTRGO-B/ ADTRGO-B/ ADTRGO-B/
SCSo0-C SCS0-C SCSo0-C SCSo0-C SCSo0-C
85 H12 PF1/UCAS/ PF1/UCAS/ PF1/UCAS/ PF1/UCAS/ PF1/IRQ14-A/ NC
DQMU*' DQMU*"/ DQMU*'/ DQMU*'/ SSCKo-C
/IRQ14-A/ IRQ14-A/ IRQ14-A/ IRQ14-A/
SSCKo-C SSCKo0-C SSCKo-C SSCKo-C
86 H10 PF2/LCAS/ PF2/LCAS/ PF2/LCAS/ PF2/LCAS/ PF2/IRQ15-A/ NC
DQML*"/ DQML*"/ DQML*"/ DQML*"/ SSIo-C
IRQ15- IRQ15-A/SSI0-C  IRQ15-A/SSI0-C  IRQ15-A/SSI0-C
A/SSI0-C
87 J13 PF3/LWR/ PF3/LWR/ PF3/LWR/ PF3/LWR/ PF3/ NC
SS00-C SS00-C SS00-C SS00-C SS00-C
88 H11 HWR HWR HWR HWR PF4 NC
89 G12 RD RD RD RD PF5 NC
90 G10 PF6/AS/AH  PF6/AS/AH PF6/AS/AH PF6/AS/AH PF6 NC
91 H13 PLLVcec PLLVcec PLLVcc PLLVcc PLLVce Vce
92 G11 RES RES RES RES RES RES
93 G13 PLLVss PLLVss PLLVss PLLVss PLLVss Vss
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Section 1 Overview

Pin No. Pin Name
145-Pin*° Mode 7 Flash Memory
o (LGA-145in Programmer
144-Pin*" pianning) Mode 1 Mode 2 Mode 4 EXPE=1 EXPE =0 Mode
94 F10 PF7/¢ PF7/¢ PF7/¢ PF7/¢ PF7/¢ NC
95 F11 Vss Vss Vss Vss Vss Vss
96 F12 XTAL XTAL XTAL XTAL XTAL XTAL
97 F13 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
98 E11 Vce Vce Vce Vce Vce Vce
99 E13 Vce Vce Vce Vce Vce Vce
100 D11 PJO PJO PJO PJO PJO NC
101 E12 PJ1 PJ1 PJ1 PJ1 PJ1 NC
102 E10 Vss Vss Vss Vss Vss Vss
103 D13 STBY STBY STBY STBY STBY Vce
104 D10 P63/IRQ11-A/ P63/IRQ11-A/ P63/IRQ11-A/ P63/IRQ11-A/ P63/IRQ11-A/ NC
TEND1/TMCI TEND1/TMCI1-A TEND1/TMCI1-A TEND1/TMCI1-A TEND1/TMCI1-A
1-A
105 D12 P64/IRQ12-A/ P64/IRQ12-A/ P64/IRQ12-A/ P64/IRQ12-A/ P64/IRQ12-A/ NC
DACKO/TMO DACKO/TMOO-A DACKO/TMOO0-A DACKO/TMOO0-A DACKO/TMOO0-A
0-A
106 C13 P65/IRQ13-A/ P65/IRQ13-A/ P65/IRQ13-A/ P65/IRQ13-A/ P65/IRQ13-A/ NC
DACK1/TMO DACK1/TMO1-A DACK1/TMO1-A DACK1/TMO1-A DACK1/TMO1-A
1-A
107 C12 PGO0/CS0 PGO0/CS0 PG0/CS0 PG0/CS0 PGO NC
108 B13 PG1/CS1 PG1/CS1 PG1/CS1 PG1/CS1 PG1 NC
109 A12 PG2/CS2/ PG2/CS2/ PG2/CS2/ PG2/CS2/ PG2 NC
RAS2/RAS  RAS2/RAS RAS2/RAS RAS2/RAS
110 A13 PG3/CS3/ PG3/CS3/ PG3/CS3/ PG3/CS3/ PG3 NC
RAS3/CAS*' RAS3/CAS*' RAS3/CAS*' RAS3/CAS*'
111 B11 AVcc AVce AVce AVce AVce Vce
112 B12 Vref Vref Vref Vref Vref Vce
113 A1l P40/ANO_O  P40/ANO_O P40/ANO_0 P40/ANO_0O P40/ANO_0 NC
114 C11 P41/AN1_0 P41/AN1_0 P41/AN1_0 P41/AN1_0 P41/AN1_0 NC
115 B10 P42/AN2_0 P42/AN2_0 P42/AN2_0 P42/AN2_0 P42/AN2_0 NC
116 Cc10 P43/AN3_0 P43/AN3_0 P43/AN3_0 P43/AN3_0 P43/AN3_0 Vss
117 A10 P44/AN4_0 P44/AN4_0 P44/AN4_0 P44/AN4_0 P44/AN4_0 Vce
118 B9 P45/AN5_0 P45/AN5_0 P45/AN5_0 P45/AN5_0 P45/AN5_0 Vss
119 C9 P46/AN6_0 P46/AN6_0 P46/AN6_0 P46/AN6_0 P46/AN6_0 NC
120 B8 P47/AN7_0 P47/AN7_0 P47/AN7_0 P47/AN7_0 P47/AN7_0 NC
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Section 1 Overview

Pin No. Pin Name
145-Pin*° Mode 7 Flash Memory
o (LGA-145in Programmer
144-Pin*" pianning) Mode 1 Mode 2 Mode 4 EXPE = 1 EXPE =0 Mode
121 A9 P90/AN8_1  P90/ANS8_1 P90/AN8_1 P90/ANS_1 P90/ANS8_1 NC
122 D9 P91/AN9_1  P91/AN9_1 P91/AN9_1 P91/AN9_1 P91/AN9_1 NC
123 (01:] P92/AN10_1 P92/AN10_1 P92/AN10_1 P92/AN10_1 P92/AN10_1 NC
124 B7 P93/AN11_1 P93/AN11_1 P93/AN11_1 P93/AN11_1 P93/AN11_1 NC
125 A8 P94/AN12_1/ P94/AN12_1/DA2 P94/AN12_1/DA2 P94/AN12_1/DA2 P94/AN12_1/DA2 NC
DA2
126 D8 P95/AN13_1/ P95/AN13_1/DA3 P95/AN13_1/DA3 P95/AN13_1/DA3 P95/AN13_1/DA3 NC
DA3
127 D7 P96/AN14_1  P96/AN14_1 P96/AN14_1 P96/AN14_1 P96/AN14_1 NC
128 D6 P97/AN15_1  P97/AN15_1 P97/AN15_1 P97/AN15_1 P97/AN15_1 NC
129 A7 AVss AVss AVss AVss AVss Vss
130 B6 PG4/BREQO- PG4/BREQO-A/ PG4/BREQO-A/ PG4/BREQO-A/ PG4/TCK*® NC
A TCK*® TCK*® TCK*®
TCK*®
131 c7 PG5/ PG5/BACK/ PG5/BACK/ PG5/BACK/ PG5/TMS*® NC
BACK- TMS*® TMS*® TMS*®
ATMS*®
132 D5 PG6/ PG6/ PG6/ PG6/ PG6/TDI*® NC
BREQ- BREQ-A/TDI*® BREQ-A/TDI*® BREQ-A/TDI*®
A/TDI*®
133 A6 P50/BREQO- P50/BREQO-B/ P50/BREQO-B/ P50/BREQO-B/  P50/IRQ0-A/ Vss
B/ IRQ0-A/PO0-B/  IRQ0-A/PO0-B/ IRQ0-A/PO0-B/ POO0-B/
IRQO-A/PO0- TIOCA3-B/ TIOCAS-B/ TIOCAS-B/ TIOCA3-B/
B/ TMRIO-B/TxD2/ TMRIO-B/TxD2/ TMRIO-B/TxD2/ TMRIO-B/TxD2/
TIOCA3-B/ SDA3 SDA3 SDA3 SDA3
TMRIO-
B/TxD2/
SDA3
134 B5 P51/BREQ-B/ P51/BREQ-B/  P51/BREQ-B/  P51/BREQ-B/  P51/RQ1-A/ Vss
IRQ1-A/PO2- IRQ1-A/PO2-B/ TRQ1-A/PO2-B/ IRQ1-A/PO2-B/ PO2-B/
B/ TIOCC3-B/ TIOCC3-B/ TIOCC3-B/ TIOCC3-B/
TIOCC3-B/ TMCIO-B/RxD2/ TMCIO0-B/RxD2/ TMCI0-B/RxD2/ TMCIO-B/RxD2/
TMCIO- SCL3 SCL3 SCL3 SCL3
B/RxD2/
SCL3
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Section 1 Overview

Pin No. Pin Name
145-Pin*° Mode 7 Flash Memory
o (LGA-145in Programmer
144-Pin*" pianning) Mode 1 Mode 2 Mode 4 EXPE=1 EXPE =0 Mode
135 Cc6 P52/BACK-B/ P52/BACK-B/ P52/BACK-B/ P52/BACK-B/ P52/IRQ2-A/ Vce
IRQ2-A/PO4- |IRQ2-A/PO4-B/ IRQ2-A/PO4-B/ IRQ2-A/PO4-B/ PO4-B/
B/ TIOCA4-B/ TIOCA4-B/ TIOCA4-B/ TIOCA4-B/
TIOCA4-B/ TMOO0-B/SCK2  TMOO0-B/SCK2 TMOO0-B/SCK2  TMOO0-B/SCK2
TMO0-
B/SCK2
136 D4 P53/IRQ3-A/ P53/IRQ3-A/ P53/IRQ3-A/ P53/IRQ3-A/ P53/IRQ3-A/ NC
ADTRGO-A/ ADTRGO-A/ ADTRGO-A/ ADTRGO-A/ ADTRGO-A/
TRST*® TRST*® TRST*® TRST*® TRST*®
137 A5 P35/0E-B/  P35/OE-B/ P35/0OE-B/ P35/0OE-B/ P35/SCK1/ NC
CKE-B*'/ CKE-B*"/ CKE-B*'/ CKE-B*"/ SCLO
SCK1/SCLO SCK1/SCLO SCK1/SCLO SCK1/SCLO
138 B4 P34/SCKO/  P34/SCK0/ P34/SCKo0/ P34/SCK0/ P34/SCKo0/ NC
SCK4- SCK4-A/SDAO SCK4-A/SDAO SCK4-A/SDAO SCK4-A/SDAO
A/SDAO
139 C5 P33/RxD1/SC P33/RxD1/SCL1 P33/RxD1/SCL1 P33/RxD1/SCL1 P33/RxD1/SCL1 NC
L1
140 A4 P32/RxD0/  P32/RxD0/ P32/RxD0/ P32/RxD0/ P32/RxD0/ Vce
IrRxD/SDA1  IrRxD/SDA1 IrRxD/SDA1 IrRxD/SDA1 IrRxD/SDA1
141 B3 P31/TxD1 P31/TxD1 P31/TxD1 P31/TxD1 P31/TxD1 NC
142 C4 P30/TxDO/IrT P30/TxD0/IrTxD  P30/TxD0/IrTxD  P30/TxD0/IrTxD  P30/TxD0/IrTxD  NC
xD
143 A3 MDO MDO MDO MDO MDO Vss
144 A2 MD1 MD1 MD1 MD1 MD1 Vss
— E5 NC NC NC NC NC NC
Notes: 1. Not available in the H8S/2426 Group.

2. Can be used only in FP-144LYV version.
3. Can be used only in TLP-145V version.
4. The 144-pin code is FP-144LV.

5. The 145-pin code is TLP-145V.
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Section 1 Overview

Tablel4 Pin Assignmentsin Each Operating M ode of H8S/2424 Group
Pin No. Pin Name
Mode 7 Flash Memory
Programmer
120-PIn Mode 1 Mode 2 Mode 4 EXPE = 1 EXPE =0 Mode
1 MD2 MD2 MD2 MD2 MD2 Vss
2 Vce Vce Vce Vce Vce Vce
3 A0 A0 PCO/A0 PCO/A0 PCO/TIOCA9 A0
4 Al A1l PC1/A1 PC1/A1 PC1/TIOCB9 A1l
5 A2 A2 PC2/A2 PC2/A2 PC2/TIOCC9 A2
6 A3 A3 PC3/A3 PC3/A3 PC3/TIOCD9 A3
7 A4 A4 PC4/A4 PC4/A4 PC4/TIOCA10 A4
8 Vss Vss Vss Vss Vss Vss
9 A5 A5 PC5/A5 PC5/A5 PC5/TIOCB10 A5
10 A6 A6 PC6/A6 PC6/A6 PC6/TIOCA11 A6
11 A7 A7 PC7/A7 PC7/A7 PC7/TIOCB11 A7
12 A8 A8 PBO/A8 PB0/A8 PBO/TIOCA6 A8
13 A9 A9 PB1/A9 PB1/A9 PB1/TIOCB6 A9
14 A10 A10 PB2/A10 PB2/A10 PB2/TIOCC6/ A10
TCLKE
15 A1 A1 PB3/A11 PB3/A11 PB3/TIOCD6/ A1
TCLKF
16 A12 A12 PB4/A12 PB4/A12 PB4/TIOCA7 A12
17 Vss Vss Vss Vss Vss Vss
18 A13 A13 PB5/A13 PB5/A13 PB5/TIOCB7/ A13
TCLKG
19 A14 A14 PB6/A14 PB6/A14 PB6/TIOCA8 A14
20 A15 A15 PB7/A15 PB7/A15 PB7/TIOCB8/ A15
TCLKH
21 A16 A16 PAO/A16 PAO/A16 PAO A16
22 Vss Vss Vss Vss Vss Vss
23 A17 A17 PA1/A17/TxD4-B  PA1/A17/TxD4-B  PA1/TxD4-B A17
24 A18 A18 PA2/A18/RxD4-B  PA2/A18/RxD4-B  PA2/RxD4-B A18
25 A19 A19 PA3/A19/SCK4-B  PA3/A19/SCK4-B PA3/SCK4-B NC
26 A20/IRQ4-A A20/IRQ4-A PA4/A20/IRQ4-A/  PA4/A20/IRQ4-A/ PA4/IRQ4-A/ NC
SCS0-B SCS0-B SCS0-B
27 PA5/A21/IRQ5-A/ PA5/A21/IRQ5-A/ PA5/A21/IRQ5-A/ PA5/A21/IRQ5-A/ PAS5/RQ5-A/ NC

SSCKo0-B

SSCKo0-B SSCKo-B SSCKo0-B SSCKo-B
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Section 1 Overview

Pin No. Pin Name
Mode 7 Flash Memory
Programmer
120-PIn Mode 1 Mode 2 Mode 4 EXPE =1 EXPE =0 Mode
28 PA6/A22/ PA6/A22/ PA6/A22/ PA6/A22/ PAG6/IRQ6-A/ NC
IRQ6-A/SSI0-B  IRQ6-A/SSI0-B IRQ6-A/SSI0-B IRQ6-A/SSI0-B SSI0-B
29 PA7/A23/CS7/ PA7/A23/CS7/ PA7/A23/CS7/ PA7/A23/CS7/ PA7/IRQ7-A/ NC
IRQ7-A/SSO0-B IRQ7-A/SSO0-B  IRQ7-A/SSO0-B  IRQ7-A/SSO0-B  SSO0-B
30 EMLE EMLE EMLE EMLE EMLE Vss
31 WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF NC
32 NMI NMI NMI NMI NMI Vee
33 VCL VCL VCL VCL VCL VCL
34 P10/DREQO/ P10/DREQO/ P10/DREQO/ P10/DREQO/ P10/DREQO/ NC
PO8/TIOCAO POB8/TIOCAO PO8/TIOCAO PO8/TIOCAO PO8/TIOCAO
35 P11/DREQ1/ P11/DREQ1/ P11/DREQ1/ P11/DREQ1/ P11/DREQ1/ NC
PO9/TIOCBO PO9/TIOCBO PO9/TIOCBO PO9/TIOCBO PO9/TIOCBO
36 P12/TENDO/ P12/TENDO/ P12/TENDO/ P12/TENDO/ P12/TENDO/ OE
PO10/TIOCCO/  PO10/TIOCCO/ PO10/TIOCCO/ PO10/TIOCCO/ PO10/TIOCCO/
TCLKA TCLKA TCLKA TCLKA TCLKA
37 P13/TEND1/ P13/TEND1/ P13/TEND1/ P13/TEND1/ P13/TEND1/ CE
PO11/TIOCDO/ PO11/TIOCDO/ PO11/TIOCDO/ PO11/TIOCDO/ PO11/TIOCDO/
TCLKB TCLKB TCLKB TCLKB TCLKB
38 P14/DACKO0/ P14/DACKO/ P14/DACKO/ P14/DACKO/ P14/DACKO/ WE
PO12/TIOCA1/  PO12/TIOCA1/ PO12/TIOCA1/ PO12/TIOCA1/ PO12/TIOCA1/
SSO0-A SSO0-A SSO0-A SSO0-A SSO0-A
39 P15/DACK1/ P15/DACK1/ P15/DACK1/ P15/DACK1/ P15/DACK1/ NC
PO13/TIOCB1/  PO13/TIOCB1/ PO13/TIOCB1/ PO13/TIOCB1/ PO13/TIOCB1/
TCLKC/SSIO-A  TCLKC/SSI0-A TCLKC/SSIO0-A TCLKC/SSI0-A TCLKC/SSIO0-A
40 P16/PO14/ P16/PO14/ P16/PO14/ P16/PO14/ P16/PO14/ NC
TIOCA2/ TIOCA2/ TIOCA2/ TIOCA2/ TIOCA2/
SSCKO-A SSCKO-A SSCKO0-A SSCKO-A SSCKO0-A
41 P17/PO15/ P17/PO15/ P17/PO15/ P17/PO15/ P17/PO15/ NC
TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/
TCLKD/SCS0-A TCLKD/SCS0-A  TCLKD/SCS0-A  TCLKD/SCS0-A  TCLKD/SCSO0-A
42 P20/PO0-A/ P20/PO0-A/ P20/PO0-A/ P20/PO0-A/ P20/PO0-A/ NC
TIOCA3-A/ TIOCA3-A/ TIOCA3-A/ TIOCA3-A/ TIOCA3-A/
TMRIO-A TMRIO-A TMRIO-A TMRIO-A TMRIO-A
43 P21/PO1-A/ P21/PO1-A/ P21/PO1-A/ P21/PO1-A/ P21/PO1-A/ Vce
TIOCB3-A/ TIOCB3-A/ TIOCB3-A/ TIOCB3-A/ TIOCB3-A/
TMRI1-A TMRI1-A TMRI1-A TMRI1-A TMRI1-A
44 P22/PO2-A/ P22/PO2-A/ P22/PO2-A/ P22/PO2-A/ P22/PO2-A/ NC
TIOCC3-A/ TIOCC3-A/ TIOCC3-A/ TIOCC3-A/ TIOCC3-A/
TMCIO-A TMCIO-A TMCIO-A TMCIO-A TMCIO-A
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Section 1 Overview

Pin No. Pin Name
Mode 7 Flash Memory
Programmer
120-PIn Mode 1 Mode 2 Mode 4 EXPE =1 EXPE =0 Mode
45 P23/PO3-A/ P23/PO3-A/ P23/PO3-A/ P23/PO3-A/ P23/PO3-A/ NC
TIOCDS3-A/ TIOCDS3-A/ TIOCDS3-A/ TIOCDS3-A/ TIOCDS3-A/
TMCI1-A/TxD4-A TMCI1-A/TxD4-A  TMCI1-A/TxD4-A  TMCI1-A/TxD4-A  TMCI1-A/TxD4-A
46 P24/PO4-A/ P24/PO4-A/ P24/PO4-A/ P24/PO4-A/ P24/PO4-A/ Vss
TIOCA4-A/ TIOCA4-A/ TIOCA4-A/ TIOCA4-A/ TIOCA4-A/
TMOO0-A/RxD4-A TMOO-A/RxD4-A  TMOO-A/RxD4-A  TMOO-A/RxD4-A  TMOO-A/RxD4-A
47 P25/WAIT-B/ P25/WAIT-B/ P25/WAIT-B/ P25/WAIT-B/ P25/PO5-A/ NC
PO5-A/ PO5-A/ PO5-A/ PO5-A/ TIOCB4-A/TMO1-A
TIOCB4-A/ TIOCB4-A/ TIOCB4-A/ TIOCB4-A/
TMO1-A TMO1-A TMO1-A TMO1-A
48 P26/PO6/ P26/PO6/ P26/PO6/ P26/PO6/ P26/PO6/ NC
TIOCA5/SDA2/  TIOCA5/SDA2/ TIOCA5/SDA2/ TIOCA5/SDA2/ TIOCA5/SDA2/
ADTRG1 ADTRG1 ADTRG1 ADTRG1 ADTRG1
49 P27/PO7/ P27/PO7/ P27/PO7/ P27/PO7/ P27/PO7/ NC
TIOCB5/SCL2  TIOCB5/SCL2 TIOCB5/SCL2 TIOCB5/SCL2 TIOCB5/SCL2
50 P85/PO5-B/ P85/PO5-B/ P85/PO5-B/ P85/PO5-B/ P85/PO5-B/ NC
TIOCB4-B/ TIOCB4-B/ TIOCB4-B/ TIOCB4-B/ TIOCB4-B/
TMO1-B/SCK3  TMO1-B/SCK3 TMO1-B/SCK3 TMO1-B/SCK3 TMO1-B/SCK3
51 PEO/DO PEO/DO PEO/DO PEO/DO PEO NC
52 PE1/D1 PE1/D1 PE1/D1 PE1/D1 PE1 NC
53 PE2/D2 PE2/D2 PE2/D2 PE2/D2 PE2 NC
54 PES3/D3 PES3/D3 PE3/D3 PE3/D3 PE3 NC
55 PE4/D4 PE4/D4 PE4/D4 PE4/D4 PE4 NC
56 PE5/D5 PE5/D5 PE5/D5 PE5/D5 PE5 NC
57 PE6/D6 PE6/D6 PE6/D6 PE6/D6 PE6 NC
58 Vss Vss Vss Vss Vss Vss
59 PE7/D7 PE7/D7 PE7/D7 PE7/D7 PE7 NC
60 Vce Vce Vce Vce Vce Vce
61 D8 D8 D8 D8 PDO 1/00
62 D9 D9 D9 D9 PD1 1/01
63 D10 D10 D10 D10 PD2 1102
64 D11 D11 D11 D11 PD3 1/03
65 D12 D12 D12 D12 PD4 1/104
66 D13 D13 D13 D13 PD5 1/05
67 D14 D14 D14 D14 PD6 1/106
68 D15 D15 D15 D15 PD7 1107
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Section 1 Overview

Pin No. Pin Name
Mode 7 Flash Memory
Programmer
120-PIn Mode 1 Mode 2 Mode 4 EXPE =1 EXPE =0 Mode
69 PFO/WAIT-A/ PFO/WAIT-A/ PFO/WAIT-A/ PFO/WAIT-A/ PFoO/ NC
OE-A/ADTRGO0-B/ OE-A/ADTRGO0-B/ OE-A/ADTRGO0-B/ OE-A/ADTRGO0-B/ ADTRGO0-B/
SCS0-C SCS0-C SCS0-C SCS0-C SCS0-C
70 PF1/CS5/UCAS/ PF1/CS5/UCAS/  PF1/CS5/UCAS/ PF1/CS5/UCAS/  PF1/SSCKO0-C NC
SSCKO0-C SSCKO0-C SSCKO0-C SSCKO0-C
71 PF2/CS6/ PF2/CS6/ PF2/CS6/ PF2/CS6/ PF2/ NC
LCAS/SSI0-C LCAS/SSI0-C LCAS/SSI0-C LCAS/SSI0-C SSIo-C
72 PF3/LWR/ PF3/LWR/ PF3/LWR/ PF3/LWR/ PF3/ NC
SS00-C SS00-C SS00-C SS00-C SS00-C
73 HWR HWR HWR HWR PF4 NC
74 RD RD RD RD PF5 NC
75 PF6/AS/AH PF6/AS/AH PF6/AS/AH PF6/AS/AH PF6 NC
76 PLLVcc PLLVcc PLLVce PLLVce PLLVcec Vce
77 RES RES RES RES RES RES
78 PLLVss PLLVss PLLVss PLLVss PLLVss Vss
79 PF7/¢ PF7/¢ PF7/¢ PF7/¢ PF7/¢ NC
80 Vss Vss Vss Vss Vss Vss
81 XTAL XTAL XTAL XTAL XTAL XTAL
82 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
83 Vce Vce Vce Vce Vce Vce
84 Vce Vce Vce Vce Vce Vce
85 P83/PO3-B/ P83/PO3-B/ P83/PO3-B/ P83/PO3-B/ P83/PO3-B/ NC
TIOCDS-B/ TIOCD3-B/ TIOCD3-B/ TIOCD3-B/ TIOCD3-B/
TMCI1-B/RxD3  TMCI1-B/RxD3 TMCI1-B/RxD3 TMCI1-B/RxD3 TMCI1-B/RxD3
86 P81/PO1-B/ P81/PO1-B/ P81/PO1-B/ P81/PO1-B/ P81/PO1-B/ NC
TIOCB3-B/ TIOCB3-B/ TIOCB3-B/ TIOCB3-B/ TIOCB3-B/
TMRI1-B/TxD3  TMRI1-B/TxD3 TMRI1-B/TxD3 TMRI1-B/TxD3 TMRI1-B/TxD3
87 Vss Vss Vss Vss Vss Vss
88 STBY STBY STBY STBY STBY Vce
89 PGO0/CS0 PGO0/CS0 PGO0/CS0 PGO0/CS0 PGO NC
90 PG1/CS1 PG1/CS1 PG1/CS1 PG1/CS1 PG1 NC
91 PG2/CS2/RAS2*° PG2/CS2/RAS2*° PG2/CS2/RAS2*° PG2/CS2/RAS2*° PG2 NC
92 PG3/CS3/RAS3*° PG3/CS3/RAS3*° PG3/CS3/RAS3*° PG3/CS3/RAS3*° PG3 NC
93 AVcc AVcc AVcc AVce AVcc Vce
94 Vref Vref Vref Vref Vref Vce
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Section 1 Overview

Pin No. Pin Name
Mode 7 Flash Memory
Programmer
120-PIn Mode 1 Mode 2 Mode 4 EXPE =1 EXPE =0 Mode
95 P40/IRQ0-B/ P40/IRQ0-B/ P40/IRQO-B/ P40/IRQ0-B/ P40/IRQO-B/ NC
ANO_O ANO_O ANO_O ANO_O ANO_O
96 P41/IRQ1-B/ P41/IRQ1-B/ P41/IRQ1-B/ P41/IRQ1-B/ P41/IRQ1-B/ NC
AN1_0 AN1_0 AN1_0 AN1_0 AN1_0
97 P42/IRQ2-B/ P42/IRQ2-B/ P42/IRQ2-B/ P42/IRQ2-B/ P42/IRQ2-B/ NC
AN2_0 AN2_0 AN2_0 AN2_0 AN2_0
98 P43/IRQ3-B/ P43/IRQ3-B/ P43/IRQ3-B/ P43/IRQ3-B/ P43/IRQ3-B/ Vss
AN3_0 AN3_0 AN3_0 AN3_0 AN3_0
99 P44/IRQ4-B/ P44/IRQ4-B/ P44/IRQ4-B/ P44/IRQ4-B/ P44/IRQ4-B/ Vce
AN4_0 AN4_0 AN4_0 AN4_0 AN4_0
100 P45/IRQ5-B/ P45/IRQ5-B/ P45/IRQ5-B/ P45/IRQ5-B/ P45/IRQ5-B/ Vss
AN5_0 AN5_0 AN5_0 AN5_0 AN5_0
101 P46/IRQ6-B/ P46/IRQ6-B/ P46/IRQ6-B/ P46/IRQ6-B/ P46/IRQ6-B/ NC
AN6_0 AN6_0 AN6_0 AN6_0 AN6_0
102 P47/IRQ7-B/ P47/IRQ7-B/ P47/IRQ7-B/ P47/IRQ7-B/ P47/IRQ7-B/ NC
AN7_0 AN7_0 AN7_0 AN7_0 AN7_0
103 P94/AN12_1/DA2 P94/AN12_1/DA2 P94/AN12_1/DA2 P94/AN12_1/DA2 P94/AN12_1/DA2 NC
104 P95/AN13_1/DA3 P95/AN13_1/DA3 P95/AN13_1/DA3 P95/AN13_1/DA3 P95/AN13_1/DA3 NC
105 AVss AVss AVss AVss AVss Vss
106 PG4/BREQO-A/ PG4/BREQO-A/ PG4/BREQO-A/ PG4/BREQO-A/ PG4 NC
CS4 CSs4 CSs4 CSs4
107 PG5/BACK-A PG5/BACK-A PG5/BACK-A PG5/BACK-A PG5 NC
108 PG6/BREQ-A PG6/BREQ-A PG6/BREQ-A PG6/BREQ-A PG6 NC
109 P50/BREQO-B/ P50/BREQO-B/ P50/BREQO-B/ P50/BREQO-B/ P50/IRQO-A/ Vss
IRQ0-A/PO0-B/  IRQO-A/PO0-B/ IRQO-A/PO0-B/ IRQO-A/PO0-B/ POO0-B/
TIOCA3-B/ TIOCA3-B/ TIOCA3-B/ TIOCA3-B/ TIOCA3-B/
TMRIO-B/ TMRIO-B/ TMRIO-B/ TMRIO-B/ TMRIO-B/
TxD2/SDA3 TxD2/SDA3 TxD2/SDA3 TxD2/SDA3 TxD2/SDA3
110 P51/BREQ-B/ P51/BREQ-B/ P51/BREQ-B/ P51/BREQ-B/ P51/IRQ1-A/ Vss
IRQ1-A/PO2-B/ IRQ1-A/PO2-B/ IRQ1-A/PO2-B/ IRQ1-A/PO2-B/ PO2-B/
TIOCC3-B/ TIOCC3-B/ TIOCC3-B/ TIOCC3-B/ TIOCC3-B/
TMCI0-B/ TMCI0-B/ TMCIO0-B/ TMCI0-B/ TMCIO0-B/
RxD2/SCL3 RxD2/SCL3 RxD2/SCL3 RxD2/SCL3 RxD2/SCL3
111 P52/BACK-B/ P52/BACK-B/ P52/BACK-B/ P52/BACK-B/ P52/IRQ2-A/ Vce
IRQ2-A/PO4-B/ IRQ2-A/PO4-B/ IRQ2-A/PO4-B/ IRQ2-A/PO4-B/ PO4-B/
TIOCA4-B/ TIOCA4-B/ TIOCA4-B/ TIOCA4-B/ TIOCA4-B/
TMOO0-B/SCK2  TMOO0-B/SCK2 TMOO0-B/SCK2 TMOO0-B/SCK2 TMOO0-B/SCK2
112 P53/IRQ3-A/ P53/IRQ3-A/ P53/IRQ3-A/ P53/IRQ3-A/ P53/IRQ3-A/ NC
ADTRGO-A ADTRGO-A ADTRGO-A ADTRGO-A ADTRGO-A
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Section 1 Overview

Pin No. Pin Name
Mode 7 Flash Memory
Programmer
120-PIn Mode 1 Mode 2 Mode 4 EXPE =1 EXPE =0 Mode
113 P35/OE-B/ P35/0E-B/ P35/0E-B/ P35/0E-B/ P35/SCK1/ NC
SCK1/SCLO SCK1/SCLO SCK1/SCLO SCK1/SCLO SCLO
114 P34/SCKO0/ P34/SCKo0/ P34/SCKo0/ P34/SCKO/ P34/SCK0/ NC
SCK4-A/SDAO SCK4-A/SDAO SCK4-A/SDAO SCK4-A/SDAO SCK4-A/SDAO
115 P33/RxD1/SCL1 P33/RxD1/SCL1 P33/RxD1/SCL1 P33/RxD1/SCL1 P33/RxD1/SCL1 NC
116 P32/RxD0/ P32/RxD0/ P32/RxD0/ P32/RxD0/ P32/RxD0/ Vce
IrRxD/SDA1 IrRxD/SDA1 IrRxD/SDA1 IrRxD/SDA1 IrRxD/SDA1
117 P31/TxD1 P31/TxD1 P31/TxD1 P31/TxD1 P31/TxD1 NC
118 P30/TxDO/IrTxD  P30/TxDO0/IrTxD P30/TxDO0/IrTxD P30/TxD0/IrTxD P30/TxDO0/IrTxD NC
119 MDO MDO MDO MDO MDO Vss
120 MD1 MD1 MD1 MD1 MD1 Vss
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Section 1 Overview

14.3

Table1.5

Type Symbol

Pin Functions

Pin Functions

Pin No.

H8S/2426, H8S/2426R

H8S/2424

FP-144LV TLP-145V

FP-120BV

1/0

Function

Power Ve
supply

4,72,98, B2,N12, E11,
99 E13

2,60, 83,
84

Input

For connection to the power
supply. V. pins should be
connected to the system
power supply.

2,10,18, A1, E2, F4, H1,
25,50,70, N5, M11, E10,
95, 102 F11

8,17, 22,
58, 80, 87

Input

For connection to ground. Vg
pins should be connected to
the system power supply (0
V).

PLLV,,

91 H13

76

Input

Power supply pin for the on-
chip PLL oscillator.

PLLV,,

93 G13

78

Input

Ground pin for the on-chip
PLL oscillator.

VCL

41 L3

33

Output

This pin must not be
connected to the power
supply and should be
connected to the V¢ pin via a
0.1-uF (recommended value)
capacitor (place it close to
pin).

Clock XTAL

96 F12

81

Input

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

EXTAL

97 F13

82

Input

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

94 F10

79

Output

Supplies the system clock to
external devices.
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Type

Symbol

Pin No.

H8S/2426, H8S/2426R

H8S/2424

FP-144LV TLP-145V

FP-120BV

110

Function

Clock

SDRAM¢*'

36 M1

Output

When a synchronous DRAM
is connected, this pin is
connected to the CLK pin of
the synchronous DRAM. For
details, refer to section 6, Bus
Controller (BSC).

Operating
mode
control

MD2
MD1
MDO

144 A2
143 A3

120
119

Input

These pins set the operating
mode. These pins should not
be changed during operation.

System
control

RES

92 G12

77

Input

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

STBY

103 D13

88

Input

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

EMLE

32 K1

30

Input

On-chip emulator enable pin.
When the on-chip emulator is
used, this pin should be fixed
high. At this time, pins P53,
PG4 to PG6, and WDTOVF
are used exclusively by the
on-chip emulator. Therefore,
the corresponding pin
functions of those pins are not
available. When the on-chip
emulator is not used, this pin
should be fixed low.

BSCANE** —

L9

Input

Boundary scan enable pin.
When the boundary scan
function is used, this pin
should be fixed high. At this
time, pins P53, PG4 to PG6,
and WDTOVF are used
exclusively for boundary scan.
Therefore, the corresponding
pin functions of those pins are
not available. When the
boundary scan function is not
used, this pin should be fixed
low.
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Section 1 Overview

Pin No.

H8S/2426, H8S/2426R H8S/2424

Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
Address A23to AO 31 to 26, J3, K2, J1, K4, 29 to 23, Output These pins output an address.
bus 241019, H3, J2, J4, G3, 2110 18,
17 to 11, H2, G1,H4, G4, 16t09,
9to5 F1,G2,F3,E4, 7103
E1, F2, E3, D1,
D3, D2, C3, C1
Databus D15to DO 80to 73, K11, K12, L13, 68 to 61, Input/  These pins constitute a
71, L11, M12, L12, 59, output bidirectional data bus. When
69 to 63 N13, M13, N11, 57 to 51 an address/data multiplexed
M11, N10, L9, 1/0O space is accessed, an
M10, N9, K10, L8 address is also output.
Bus CS7 to 38 to 35, M2, N2, M1, 29,71,70, Output Signals that select division
control CSo 110t0 107 L1, A13, A12, 106, areas 7 to 0 in the external
B13, C12 92 to 89 address space
AS 90 G10 75 Output  When this pin is low, it
indicates that address output
on the address bus is valid.
AH 920 G10 75 Output  Signal for holding the address
when an address/data
multiplexed 1/O space is being
accessed.
RD 89 G12 74 Output When this pin is low, it

indicates that the external
address space is being read.
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Type

Symbol

Pin No.

H8S/2426, H8S/2426R H8S/2424

FP-144LV TLP-145V FP-120BV

110

Function

Bus
control

88

H11

73

Output

Strobe signal indicating that
an external address space is
to be written to, and the upper
half (D15 to D8) of the data
bus is enabled. Also functions
as the write enable signal for
accessing the DRAM space.

87

J13

72

Output

Strobe signal indicating that
an external address space is
to be written to, and the lower
half (D7 to DO) of the data bus
is enabled.

BREQ-A
BREQ-B

132
134

D5
B5

108
110

Input

The external bus master
requests the bus to this LSI.

BREQO-A
BREQO-B

130
133

B6
A6

106
109

Output

External bus request signal
when the internal bus master
accesses an external space in
the external bus release state.

BACK-A
BACK-B

131
135

Cc7
C6

107
111

Output

Indicates the bus is released
to the external bus master.

UCAS

85

H12

70

Output

Upper column address strobe
signal for accessing the 16-bit
DRAM space. Also functions
as the column address strobe
signal for accessing the 8-bit
DRAM space.

LCAS

86

H10

71

Output

Lower column address strobe
signal for accessing the 16-bit
DRAM space.

DQMU*'

85

H12

Output

Upper data mask enable
signal for accessing the 16-bit
continuous synchronous
DRAM space. Also functions
as the data mask enable
signal for accessing the 8-bit
continuous synchronous
DRAM space.

DQML*'

86

H10

Output

Lower-data mask enable
signal for accessing the 16-bit
continuous synchronous
DRAM interface space.
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Pin No.

H8S/2426, H8S/2426R H8S/2424

Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
Bus RAS/RAS2 109 A12 91 Output Row address strobe signal for
control RAS3 110 A13 92 Fhe DRAM when the D'RAM.

. interface is set. RAS signal is
RAS4* 35 L1 — a row address strobe signal
RAS5*? 36 M1 _ when areas 2 to 5 are set as

the continuous DRAM space.

RAS*' 109 A12 — Output Row address strobe signal for
the synchronous DRAM when
the synchronous DRAM
interface is set.

CAS*' 110 A13 — Output Column address strobe signal
for the synchronous DRAM
when the synchronous DRAM
interface is set.

WE*' 35 L1 — Output Write enable signal for the
synchronous DRAM when the
synchronous DRAM interface
is set.

WAIT-A 84 J11 69 Input  Requests insertion of a wait

WAITB 56 N7 47 state in the bus cycles when
accessing an external 3-state
address space.

OE-A 38 M2 69 Output Output enable signal when

OEB 137 A5 113 accessing the DRAM space.
The output pins of OE and
(OE) are selected by the port
function control register 2
(PFCR2) of port 3.

CKE-A*' 38 M2 — Output Clock enable signal when the

CKE-B*' 137 A5 - synchronous DRAM interface

is set. The output pins of CKE
and (CKE) are selected by the
port function control register 2
(PFCR2) of port 3.
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Pin No.
H8S/2426, H8S/2426R H8S/2424
Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
Interrupt NMI 40 N1 32 Input  Nonmaskable interrupt
signals request pin. This pin should
be fixed high when not used.
IRQ15-A to 86, 85, H10, H12,C13, — Input  These pins request a
IRQ8-A** 106 to 104, D12, D10, J10, maskable interrupt.
8310 81 K13, J12 The input pins of IRQN-A and
IRQ7-Ato 311028, J3, K2,J1, K4, 29 to 26, IRQnN-B are selected by the
IRQO-A 136 to 133 D4, C6,B5,A6  112to 109 IRQ pin select register (ITSR)
of the interrupt controller.
IRQ15-B to 58 to 51 K7,L8,N7, M7, —
IRQ8-B** N6, M6, L7, L6, (n =0 to 15 for the H8S/2426
Group and H8S/2426R
IRQ7-Bto 38, 37, M2, N2, M8, N8, 102 to 95 Group, n = 0 to 7 for the
IRQ0-B 61to 59, K8, K3, L2, C2 H8S/2424 Group)
34,33, 3
DMA DREQ1 82 K13 35 Input  These signals request DMAC
controller activation.
DREQO 81 J12 34
(DMAC) Q
TEND1 104 D10 37 Output These signals indicate the
TENDO 83 J10 36 end of DMAC data transfer.
DACK1 106 C13 39 Output DMAC single address transfer
DACKO 105 D12 38 acknowledge signals.
EXDMA EDREQ3 33 L2 — Input  These signals request
controller EDREQZ 3 c2 EXDMAC activation.
(EXDMAC)
*3 ETEND3 59 K8 — Output These signals indicate the
ETEND2 34 K3 end of EXDMAC data
transfer.
EDACK3 61 M8 — Output EXDMAC single address
EDACKZ 60 N8 transfer acknowledge signals.
EDRAK3 49 L5 — Output These signals notify an
EDRAKZ 48 K6 external device of r_:lcceptance
and start of execution of a
DMA transfer request.
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Pin No.

H8S/2426, H8S/2426R H8S/2424

Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
16-bit timer TCLKH 22 H2 20 Input  External clock input pins of
pulse TCLKG 20 H4 18 the timer.
unit (TPU)
TCLKF 17 F1 15
TCLKE 16 G2 14
TCLKD 49 L5 41
TCLKC 47 K5 39
TCLKB 45 M5 37
TCLKA 44 L4 36
TIOCAO 42 N3 34 Input/  TGRA_O to TGRD_O input
TIOCBO 43 M4 35 output capture input/output compare
output/PWM output pins.
TIOCCO 44 L4 36
TIOCDO 45 M5 37
TIOCAA1 46 N4 38 Input/  TGRA_1 and TGRB_1 input
TIOCB1 47 K5 39 output capture input/output compare
output/PWM output pins.
TIOCA2 48 K6 40 Input/  TGRA_2 and TGRB_2 input
TIOCB2 49 L5 41 output capture input/output compare
output/PWM output pins.
TIOCA3-A 51 L6 42 Input/  TGRA_3 to TGRD_3 input
TIOCB3-A 52 M7 43 output capture input/output compare
output/PWM output pins.
TIOCC3-A 53 N6 44
TIOCD3-A 54 K6 45
TIOCA3-B 133 A6 109
TIOCB3-B 33 L2 86
TIOCC3-B 134 B5 110
TIOCD3-B 59 K8 85
TIOCA4-A 55 K7 46 Input/  TGRA_4 and TGRB_4 input
TIOCB4-A 56 N7 47 output capture input/output compare
TIOCA4B 135 6 11 output/PWM output pins.
TIOCB4-B 61 M8 50
TIOCA5 57 L8 48 Input/  TGRA_5 and TGRB_5 input
TIOCBS 58 K7 49 output capture input/output compare
output/PWM output pins.
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Pin No.

H8S/2426, H8S/2426R H8S/2424

Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
16-bit timer TIOCA6 14 E4 12 Input/ TGRA_6 to TGRD_6 input
pulse TIOCB6 15 F3 13 output capture input/output compare
unit (TPU) output/PWM output pins.
TIOCC6 16 G2 14
TIOCD6 17 F1 15
TIOCA7 19 G4 16 Input/  TGRA_7 and TGRB_7 input
TIOCB? 20 H4 18 output capture input/output gompare
output/PWM output pins.
TIOCAS 21 G1 19 Input/ TGRA_8 and TGRB_8 input
TIOCBS 20 Ho 20 output capture input/output gompare
output/PWM output pins.
TIOCA9 5 C1 3 Input/ TGRA_9 to TGRD_9 input
TIOCBY 6 c3 4 output capture input/output c_ompare
output/PWM output pins.
TIOCC9 7 D2 5
TIOCD9 8 D3 6
TIOCA10 9 D1 7 Input/  TGRA_10 and TGRB_10
TIOCB10 11 E3 9 output input capture input/output
compare output/PWM output
pins.
TIOCA11 12 F2 10 Input/  TGRA_11 and TGRB_11
TIOCB11 13 E1 11 output input capture input/output
compare output/PWM output
pins.
Program- PO15 to 49 to 42 L5, K6, K5, N4, 41to 34 Output Pulse output pins.
mable PO8 M5, L4, M4, N3
z:lnsgrator PO7 58t051  K7,18 N7,M7, 491042
(PPG) POB N6, M6, L7, L6
PO5-A to
POO-A
PO5-B 61 M8 50
PO4-B 135 C6 111
PO3-B 59 K8 85
PO2-B 134 B5 110
PO1-B 33 L2 86
POO0-B 133 A6 109
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Pin No.

H8S/2426, H8S/2426R H8S/2424

Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
8-bit timer TMOO-A 105 D12 46 Output Waveform output pins with
(TMR) TMO1-A 106 c13 47 output compare function.
TMOO0-B 135 (03] 111
TMO1-B 61 M8 50
TMCIO-A 83 J10 44 Input  External event input pins.
TMCIH-A 104 D10 45
TMCIO-B 134 B5 110
TMCHH-B 59 K8 85
TMRIO-A 81 J12 42 Input  Counter reset input pins.
TMRI1-A 82 K13 43
TMRIO-B 133 A6 109
TMRI1-B 33 L2 86
Watchdog WDTOVF 39 M3 31 Output Counter overflow signal
timer output pin in watchdog timer
(WDT) mode.
Serial TxD4-A 54 K6 45 Output Data output pins.
commu- 1yp4.B 24 Ja 23
nication
interface  TxD3 33 L2 86
(sciy TxD2 133 A6 109
Smart
Card TxD1 141 B3 117
interface  TxDO/ 142 C4 118
(SCl_o IrTxD
with [rDA - -
function) RxD4-A 55 K7 46 Input  Data input pins.
RxD4-B 26 J2 24
RxD3 59 K8 85
RxD2 134 C5 110
RxD1 139 A4 115
RxDO0/ 140 116
IrRxD
SCK4-A 138 B4 114 Input/  Clock input/output pins.
SCK4-B 27 H3 25 output
SCK3 61 M8 50
SCK2 135 Ccé6 111
SCK1 137 A5 113
SCKO 138 B4 114
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Pin No.

H8S/2426, H8S/2426R H8S/2424

Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
I’C bus SCL3 134 B5 110 Input/  I°C clock input/output pins.
interface 2 sCL2 58 K7 49 output
(ncz)
SCLA1 139 C5 115
SCLO 137 A5 113
SDA3 133 A6 109 Input/  I°C data input/output pins.
SDA2 57 L8 48 output
SDA1 140 A4 116
SDAO 138 B4 114
Synchro-  SSO0-A 46 N4 38 Input/  Data input/output pins.
nous serial SSO0-B 31 J3 29 output
commu-
nication SSI0-A 47 K5 39 Input/  Data input/output pins.
unit (8SU) ssi0-B 30 K2 28 output
SSCKO-A 48 K6 40 Input/  Clock input/output pins.
SSCKO-B 29 J1 27 output
SCSO0-A 49 L5 41 Input/  Chip select input/output pins.
SCS0B 28 K4 26 output
Boundary TRST — D4 — Input  TAP controller reset pin.
2
scan* T™MS — Cc7 — Input  Control signal input pin for
(JTAG)
boundary scan.
TDO — M3 — Output Data output pin for boundary
scan.
TDI — D5 — Input  Data input pin for boundary
scan.
TCK — B6 — Input  Clock input pin for boundary
scan.
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Pin No.

H8S/2426, H8S/2426R H8S/2424

Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
A/D AN15_1*° 128 D6 — Input  Analog input pins.
converter  An14_1+* 127 D7
AN13_1 126 D8 104 Input  Analog input pins.
AN12_1 125 A8 103
AN11_1to 124to 121 B7,C8,D9,A9 — Input  Analog input pins.
ANS8_1*°
AN7_0Oto 120to 113 B8, C9, B9, 102 to 95 Input  Analog input pins.
ANO_O A10, C10,
B10, C11, A11
ADTRGO-A 136 D4 112 Input  Pin for input of an external
ADTRGOB 84 J1 69 trigger o start A/D
I conversion.
ADTRG1 57 L8 48
D/A DA3 126 D8 104 Output Analog output pins.
converter  pap 125 A8 103
A/D AV, 111 B11 93 Input  Analog power-supply pin for
converter, the A/D converter and D/A
D/A converter. When the A/D
converter converter and D/A converter
are not used, this pin should
be connected to the system
power supply (+3 V).
AV 129 A7 105 Input  Ground pin for the A/D
converter and D/A converter.
This pin should be connected
to the system power supply
oV).
Vref 112 B12 94 Input  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).
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Pin No.
H8S/2426, H8S/2426R H8S/2424
Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
/O ports P17 to 49 to 42 L5, K6, K5, 41to 34 Input/  8-bit input/output pins.
P10 N4, M5, L4, output
M4, N3
P27 to 58 to 51 K7, L8, N7, 49 to 42 Input/  8-bit input/output pins.
P20 M7, N6, M6, output
L7, L6
P35 to 137 to 142 A5, B4, C5, 113t0 118 Input/  6-bit input/output pins.
P30 A4, B3, C4 output
P47 to 120to 113 B8, C9, B9, 102 to 95 Input  8-bit input pins.
P40 A10, C10, B10,
C11, A11
P53 to 136 to 133 D4, C6, B5, 11210 109 Input/  4-bit input/output pins.
P50 A6 output
P65 to 106 to 104, C13,D12,D10, — Input/  6-bit input/output pins.
P60 83 to 81 J10, K13, J12 output
P85 61 M8 50 Input/  6-bit input/output pins in the
pg4*? 60 N8 . output H8S/2426 Group and
H8S/2426R Group.
P83 59 K8 85 . oo
. 3-bit input/output pins in the
pP82* 34 K3 — H8S/2424 Group.
P81 33 L2 86
P80*° 3 Cc2 —
P97*°, 128 to 121 D6, D7, D8, 104, 103 Input  8-bit input/output pins in the
P96+°, A8, B7, C8, H8S/2426 Group and
P95, P94, D9, A9 H8S/2426R Group.
igg:ﬁo 2-bit input/output pins in the
H8S/2424 Group.
PA7 to 31 to 26, J3, K2, J1, 2910 283, Input/  8-bit input/output pins.
PAO 24,23 K4, H3, J2, 21 output
J4, G3
PB7 to 22t0 19, H2, G1, H4, 20to 18, Input/  8-bit input/output pins.
PBO 17to 14 G4, F1, G2, 16to 12 output
F3, E4
PC7 to 13to 11, E1, F2, ES, 11109, Input/  8-bit input/output pins.
PCO 9to 5 D1, D3, D2, 7t03 output
C3, C1
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Pin No.

H8S/2426, H8S/2426R H8S/2424

Type Symbol FP-144LV TLP-145V FP-120BV  I/O Function
/0 ports  PD7 to 80to 73 K11, K12, L13, 68 to 61 Input/  8-bit input/output pins.
PDO L11, M12, L12, output
N13, M13
PE7 to 71, N11, M10, N10, 59, Input/  8-bit input/output pins.
PEO 69 to 63 K10, L10, M9, 57 to 51 output
N9, K9
PF7 to 94, F10, G10, G12, 79, Input/  8-bit input/output pins.
PFO 90 to 84 H11,J13,H10, 75to 69 output
H12, J11
PG6 to 132 to 130, D5, C7, B6, 108 to 106, Input/  7-bit input/output pins.
PGO 110t0 107 A13, A12, 92 to0 89 output
B13, C12
PH3 to 381to 35 M2, N2, M1, — Input/  4-bit input/output pins.
PHO*® L1 output
PJ2x3x 62 — — Input  3-bit input pins.
PJ1*° 101 E12
PJO*° 100 D11

Notes: 1. Not supported by the H8S/2426 Group or H8S/2424R Group.

2. Can be used only in the 145-

pin version.

3. Not supported by the H8S/2424 Group.

4. Can be used only in the 144-

pin version.

Rev. 1.00 Sep. 19, 2008 Page 40 of 1270
REJ09B0466-0100

RENESAS



Section2 CPU

Section2 CPU

The H8S/2600 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/2600 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte linear address space, and isideal for realtime control.
This section describes the H8S/2600 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

21 Features

Upward-compatible with H8/300 and H8/300H CPUs

Can execute H8/300 and H8/300H CPUs object programs
General-register architecture

Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
Sixty-nine basic instructions

8/16/32-bit arithmetic and logic instructions

Multiply and divide instructions

Powerful bit-manipulation instructions

Multiply-and-accumulate instruction

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

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

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

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

Memory indirect [ @@aa:8]

16-Mbyte address space

Program: 16 Mbytes

Data: 16 Mbytes

High-speed operation

All frequently-used instructions execute in one or two states
8/16/32-hit register-register add/subtract: 1 state

8 x 8-hit register-register multiply: 2 states
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16 + 8-hit register-register divide: 12 states
16 x 16-bit register-register multiply: 4 states
32 + 16-hit register-register divide: 20 states
e Two CPU operating modes
Normal mode*
Advanced mode
Note: * Norma modeis not availablein thisLSl.

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

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

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

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

e The number of execution states of the MULXU and MULXS instructions
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Execution States

Instruction Mnemonic H8S/2600 H8S/2000
MULXU MULXU.B Rs, Rd 2% 12

MULXU.W Rs, ERd 2* 20
MULXS MULXS.B Rs, Rd 3* 13

MULXS.W Rs, ERd 3* 21
CLRMAC CLRMAC 1* Not supported
LDMAC LDMAC ERs, MACH 1*

LDMAC ERs, MACL 1*
STMAC STMAC MACH, ERd 1*

STMAC MACL, ERd 1*

Note: * The number of execution states is incremented following a MAC instruction.

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

212 Differencesfrom H8/300 CPU

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

More general registers and control registers

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

Expanded address space

Normal mode supports the same 64-K byte address space as the H8/300 CPU.
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.

A multiply-and-accumulate instruction has been added.

Two-hit shift and rotate instructions have been added.

Instructions for saving and restoring multiple registers have been added.

A test and set instruction has been added.
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e Higher speed
Basic instructions execute twice as fast.

Note: Normal modeis not availablein thisLSI.

213 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2600 CPU has the foll owing enhancements.

e Additional control register
One 8-bit and two 32-hit control registers have been added.
e Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
A multiply-and-accumulate instruction has been added.
Two-bit shift and rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.
e Higher speed
Basic instructions execute twice as fast.
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2.2 CPU Operating M odes

The H85/2600 CPU has two operating modes. normal and advanced. Normal mode supports a
maximum 64-K byte address space. Advanced mode supports a maximum 16-Mbyte total address
space. The mode is selected by the mode pins.

221 Normal Mode

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

e Address Space
The H85/2600 CPU provides linear access to a maximum 64-K byte address space.

e Extended Registers (En)
The extended registers (EO to E7) can be used as 16-hit registers, or as the upper 16-bit
segments of 32-bit registers.
When En isused as a 16-hit register it can contain any value, even when the corresponding
general register (Rn) isused as an address register. If the general register isreferenced in the
register indirect addressing mode with pre-decrement (@—Rn) or post-increment (@Rn+) and a
carry or borrow occurs, however, the value in the corresponding extended register (En) will be
affected.

e Instruction Set

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

e EXxception Vector Table and Memory Indirect Branch Addresses

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

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

e Stack Structure

When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC,
condition-code register (CCR), and extended control register (EXR) are pushed onto the stack
in exception handling, they are stored as shown in figure 2.2. EXR is not pushed onto the stack
in interrupt control mode O. For details, see section 4, Exception Handling.

Note: Normal modeis not availablein thisLSI.
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H'0000
H'0001

- Reset exception vector

H'0002
H'0003

= (Reserved for system use)

H0004 [
H'0005
H0006 |
H'0007

- (Reserved for system use)

N Exception
vector table

H'0008
H'0009

- - Exception vector 1

H'000A
H'000B

- - Exception vector 2

"

Figure2.1 Exception Vector Table (Normal Mode)

sP—

Notes:

\_/\

PC
(16 bits)

\/\

(a) Subroutine Branch

sP —

(SP™2—)

\_/_\

EXR"'

* 1 *
Reserved” ' 3

CCR

CCR™®

PC
(16 bits)

\_/_\

(b) Exception Handling

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

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

Figure2.2 Stack Structurein Normal Mode
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2.2.2 Advanced Mode

e Address Space
Linear accessis provided to a 16-Mbyte maximum address space.
o Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-hit registers or address registers.
e Instruction Set
All instructions and addressing modes can be used.
e Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode the top area starting at H'00000000 is allocated to the exception vector table
in units of 32 bits. In each 32 bits, the upper 8 bits are ignored and a branch addressis stored in
the lower 24 bits (figure 2.3). For details of the exception vector table, see section 4, Exception
Handling.

H'00000000 Reserved
Reset exception vector

H'00000003
H'o00000004 | ~ Reserved |

(Reserved for system use)
H'00000007
H'00000008

[ Exception vector table
H00000008 | (Reserved for system use)
H'0000000C |
H'00000010 ~ Reserved ]
Exception vector 1

~___—

Figure2.3 Exception Vector Table (Advanced Mode)
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The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address.

In advanced mode the operand is a 32-bit longword operand, providing a 32-bit branch
address. The upper 8 bits of these 32 bits are areserved 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
thisrangeis also used for the exception vector table.

e  Stack Structure

In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC, condition-code register (CCR), and extended control register (EXR) are
pushed onto the stack in exception handling, they are stored as shown in figure 2.4. EXR is not
pushed onto the stack in interrupt control mode 0. For details, see section 4, Exception
Handling.

\/\\/\

SP — EXR"
SP— Reserved Reserved™' "3
(SP*2—) CCR
PC -
(24 bits) PC
(24 bits)
(a) Subroutine Branch (b) Exception Handling
Notes: 1. When EXR is not used, it is not stored on the stack.

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

Figure2.4 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.5 shows a memory map of the H85/2600 CPU. The H85/2600 CPU provides linear
access to a maximum 64-K byte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, refer to section 3, MCU Operating
Modes.

H'0000 H'00000000
64 Kbytes 16 Mbytes
HFFFF Program area
H'OOFFFFFF | _ _____________ Data area
Cannnot be
used in this LSI
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: * Normal mode cannot be used in this LSI.

Figure2.5 Memory Map

Notec  Norma modeis not availablein thisLSl.
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2.4 Registers

The H85/2600 CPU has the internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-hit program counter (PC), an 8-
bit extended register (EXR), an 8-bit condition code register (CCR), and a 64-bit multiply-
accumulate register (MAC).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO E0 ROH ROL
ER1 E1 R1H RIL
ER2 E2 R2H RoL
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
I PC |

76543210
ExR [T]-[-]-[-]i2[11]io

76543210

cer 1 Jui[n]u[n]z]v]c|

63 41 32
Sign extension : MACH
MAC
MACL

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

ul: User bit or interrupt mask bit*

Note: * Ul cannot be used as an interrupt mask bit in this LSI.

Figure2.6 CPU Registers
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241 General Registers

The H85/2600 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
as adataregister, it can be accessed as a 32-hit, 16-bit, or 8-bit register. Figure 2.7 illustrates the
usage of the general registers. When the general registers are used as 32-hit registers or address
registers, they are designated by the letters ER (ERO to ER7).

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). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

The usage of each register can be selected independently.

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 2.8 shows the
stack.

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

E registers (extended registers)
(EO to E7)

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

RL registers
(ROL to R7L)

Figure2.7 Usage of General Registers
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Free area

SP (ER7) —»

Stack area

/\_/

Figure2.8 Stack

24.2 Program Counter (PC)

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

243  Extended Register (EXR)

EXR isan 8-bit register that can be manipulated by the LDC, STC, ANDC, ORC, and XORC
instructions. When these instructions except for the STC instruction is executed, all interrupts
including NMI will be masked for three states after execution is completed.

Bit Bit Name Initial Value R/W Description

7 T 0 R/W Trace Bit
When this bit is set to 1, a trace exception is
started each time an instruction is executed.
When this bit is cleared to 0, instructions are
executed in sequence.

6to3 — All 1 — Reserved
These bits are always read as 1.

2 12 1 R/W These bits designate the interrupt mask level (0

T 1 R/W to 7). For details, refer to section 5, Interrupt

Controller.

0 10 1 R/W
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244

Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z2), overflow (V), and carry (C) flags.

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

(Bcc) instructions.

Bit

Bit Name

Initial Value

R/W

Description

7

1

R/W

Interrupt Mask Bit

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

ul

Undefined

R/W

User Bit or Interrupt Mask Bit

Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC
instructions. This bit cannot be used as an
interrupt mask bit in this LSI.

Undefined

R/W

Half-Carry Flag

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

Undefined

RW

User Bit

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

Undefined

R/W

Negative Flag

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

RENESAS
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Bit Bit Name Initial Value R/W Description

2 z Undefined R/W Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.

1 \ Undefined R/W Overflow Flag

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

0 C Undefined R/W Carry Flag

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

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow

e Shift and rotate instructions, to indicate a
carry

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

245 Multiply-Accumulate Register (MAC)

This 64-hit register stores the results of multiply-and-accumulate operations. It consists of two 32-
bit registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the upper hits are
asign extension.

24.6 Initial Values of CPU Internal Registers

When the reset exception handling loads the start address from the vector address, PC is
initialized, the T bit in EXR is cleared to 0, and the | bitsin EXR and CCR are set to 1. However,
the general registers and the other CCR bits are not initialized. The initial value of SP (ER7) is
undefined. SP should therefore be initialized by using the MOV .L instruction immediately after a
reset.
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25 Data Formats

The H85/2600 CPU can process 1-bit, 4-hit (BCD), 8-hit (byte), 16-bit (word), and 32-hit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

251 General Register Data Formats

Figure 2.9 shows the data formats in general registers.

Data Type Register Number Data Format
7 0
RnH T o . :
1-bit data 7:6:5:4:3:2:1:°|______Df’_"_t_c_a_"_e__-..:
___________________ 7 0
1-bit data RnL Don't care |7: 6151413121110
___________________ L L L L L 1 1
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care i
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH EEERERE Dontcare !
1 1 L L L L L
MSB LSB
___________________ 7 0
Byte data RnL , Don't care | I
I. __________________ L L L L L L 1
MSB LSB

Figure2.9 General Register Data Formats (1)
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Data Type Register Number Data Format
Word data Rn
15
MSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15
MSB En Rn
Legend:

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

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

Figure 2.10 shows the data formats in memory. The H85/2600 CPU can access word data and
longword datain memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the address is regarded as 0, so the access starts at the preceding address. This

also appliesto instruction fetches.

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

size or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M+1

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

Address 2N+3

Data Format

/\/

7 0

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

MsB, i i ! ! ! LsB

SB!
e

MSB. 1 1
L0 0 44 ILSB

Figure2.10 Memory Data Formats

Rev. 1.00 Sep. 19, 2008 Page 57 of 1270

RENESAS

REJ09B0466-0100




Section2 CPU

2.6 Instruction Set

The H85/2600 CPU has 69 types of instructions. The instructions are classified by function in

table 2.1.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*", PUSH*' W/L
LDM, STM L
MOVFPE*°, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS W/L
TAS** B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT B/W/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/W/L
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, B 14
BAND, BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bce*?, JMP, BSR, JSR, RTS —
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, —
NOP
Block data transfer EEPMOV — 1
Total: 69

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.
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3. Cannot be used in this LSI.
4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
26.1 Table of Instructions Classified by Function

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

Table2.2 Operation Notation

Symbol Description
Rd General register (destination)*
Rs General register (source)*
Rn General register®
ERn General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand
(EASs) Source operand
EXR Extended 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
#MM Immediate data
disp Displacement
+ Addition
- Subtraction
x Multiplication
= Division
Logical AND
v Logical OR

Logical exclusive OR
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Symbol Description

- Move

~ NOT (logical complement)

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

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

Table2.3 DataTransfer Instructions

Instruction Size* Function

MOV B/W/L  (EAs) > Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.

MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP W/L @SP+ — Rn

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

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

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

Pushes two or more general registers onto the stack.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.4 Arithmetic Operations Instructions (1)

Instruction Size* Function

ADD B/W/L Rd+Rs— Rd, Rdz=#MM— Rd

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 =+ #IMM +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 B/W/L Rd+x1—->Rd, Rd+2— Rd

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

ADDS L Rd+1—>Rd, Rd+2—>Rd, Rd+4 — Rd

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

DAA B Rd (decimal adjust) - Rd

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

MULXU B/W Rd x Rs - Rd

Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits 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 bits x 16 bits — 32 bits.

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

Note: * Size refers to the operand size.

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

Instruction Size**  Function
DIVXS B/W Rd + Rs » Rd
Performs signed division on data in two general registers:
either 16 bits + 8 bits — 8-bit quotient and 8-bit remainder or
32 bits + 16 bits — 16-bit quotient and 16-bit remainder.
CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another general
register or with immediate data, and sets 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-bit 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-bit register to longword size, by extending the sign bit.
TAS*? B @ERd -0, 1 — (<bit 7> of @ERd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.
MAC — (EAs) x (EAd) + MAC - MAC
Performs signed multiplication on memory contents and adds the result
to the multiply-accumulate register. The following operations can be
performed:
16 bits x 16 bits + 32 bits — 32 bits, saturating
16 bits x 16 bits + 42 bits — 42 bits, non-saturating
CLRMAC — 0 —> MAC
Clears the multiply-accumulate register to zero.
LDMAC L Rs - MAC, MAC — Rd
STMAC Transfers data between a general register and a multiply-accumulate
register.
Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table25 Logic Operations|nstructions

Instruction Size* Function

AND B/W/L RdaRs—>Rd, Rda#MM— Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L RdvRs—Rd, Rdv#MM— Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/L Rd®Rs — Rd, Rd® #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/W/L  ~(Rd) — (Rd)
Takes the one's complement (logical complement) of general register
contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2.6  Shift Instructions

Instruction Size* Function

SHAL B/W/L  Rd (shift) > Rd

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 Rot.ates gerleral rggigter cor!tents.
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.

Note: * Size refers to the operand size.

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

Instruction Size* Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C A (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C A [~ (<bit-No.> of <EAd>)] - C
ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C v [~ (<bit-No.> of <EAd>)] - C
ORs the carry flag with the inverse of a specified bit in a general register
or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Table2.7

Bit Manipulation Instructions (2)

Instruction Size*

Function

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

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

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

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

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

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

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branch Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High CvZ=0
BLS Low or same Cvz=1
BCC (BHS) Carry clear C=0
(high or same)
BCS (BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NeV=0
BLT Less than NeV=1
BGT Greater than Zv(NeV)=0
BLE Less or equal Zv(N®eV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine.
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Table2.9

System Control I nstructions

Instruction Size*

Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) —» CCR, (EAs) —» EXR
Moves the contents of a general register or memory, or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit registers, word-size
transfers are performed between them and memory. The upper 8 bits
are valid.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers CCR or EXR contents to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR ® #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2 - PC
Only increments the program counter.
Note: * Size refers to the operand size.

B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction Size Function

EEPMOQOV.B — if R4L = 0 then
Repeat @ER5+ - @ERG6+
R4L-1 —» R4L
Until R4L=0
else next;

EEPMOV.W — if R4 = 0 then
Repeat @ER5+ —» @ERG+
R4-1 > R4
UntiR4=0
else next;

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ER6.

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

2.6.2 Basic I nstruction Formats

The H85/2600 Series instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), aregister field (r), an effective address extension (EA), and a condition field
(co).

Figure 2.11 shows examples of instruction formats.

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

o Register Field
Specifies ageneral register. Address registers are specified by 3 bits, dataregisters by 3 bitsor
4 bits. Some instructions have two register fields. Some have no register field.
o Effective Address Extension
8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement.
e Condition Field
Specifies the branching condition of Bcc instructions.
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(1) Operation field only

op

NOP, RTS, etc.

(2) Operation field and register fields

op

ADD.B Rn, Rm, etc.

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

op

rn

rm

EA (disp)

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

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

eld

op

cc

EA (disp)

BRA d:16, etc.

Figure2.11 Instruction Formats (Examples)

2.7 Addressing M odes and Effective Address Calculation

The H85/2600 CPU supports the eight addressing modes listed in table 2.11. The usable address
modes are different in each instruction.

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.

RENESAS
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Table2.11 Addressing Modes

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

271 Register Direct—Rn

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

272 Register Indirect—@ERnN

Theregister 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 hits are al assumed to be 0 (H'00).

2.7.3 Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction code, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.
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274 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn

Register indirect with post-increment—@ERN+: The register field of the instruction code
specifies an address register (ERn) which contains 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.

Register indirect with pre-decrement—@-ERn: Thevalue 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result
becomes the address of a memory operand. 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.

275 Absolute Address—@aa: 8 /@aa; 16 / @aa: 24 | @aa: 32

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

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

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

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FF00 to H'FFFF H'FFFF0O0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

Note: * Not available in this LSI.
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2.7.6 Immediate—#xx:8 / #xx: 16/ #xx:32

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

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

mani pulation 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.

2717 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

Thismode is used in the Bcc and BSR instructions. An 8-bit or 16-bit displacement contained in
the instruction code 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 hits are al assumed to
be 0 (H'00). The PC value to which the displacement is added is the address of the first byte of the
next instruction, so the possible branching range is —126 to +128 bytes (—63 to +64 words) or
—32766 to +32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting
value should be an even number.

2.7.8 Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. 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'0000 to H'00FF in normal mode, H'000000 to H'0000FF in advanced mode).

In normal mode the memory operand is aword operand and the branch addressis 16 bitslong. In
advanced mode the memory operand is alongword operand, the first byte of which is assumed to
be al 0 (H'00). Note that the first part of the address range is also the exception vector area. For
further details, refer to section 4, Exception Handling.

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

Note: Normal modeis not availablein thisLSI.
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\_/_\\/_\

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

\_/_\

(a) Normal Mode* (a) Advanced Mode

Note: * Normal mode is not available in this LSI.

Figure2.12 Branch Address Specification in Memory Indirect M ode
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2.7.9 Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.

Note: Normal modeis not availablein thisLSI.

Table2.13 Effective Address Calculation (1)

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

1 Register direct (Rn)

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

2 Register indirect (@ERn) 31 0 31 2423

1 General register contents |———|Don't Carel
Lo [ ] |

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

| General register contents

| op |r| | disp

31 0
| Sign extension | disp

4 Register indirect with post-increment or
pre-decrement 31

* Register indirect with post-increment @ERn+ [

[ [ ] |

* Register indirect with pre-decrement @-ERn 31

[ [ ] |

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

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 Absolute address

@aa:8

31 2423 87 0
|Don't carel H'FFFF | |
!
@aa:16 31 2423 16 15 0
| op | abs | |Don't carel Sign extensionl |
@aa24 31 24 23 0
| op | abs | |Don't carel |
I }
@aa:32

op 31 24 23 0

abs Don't care|

[portt care

6 | Immediate

#xx:8/#xx:16/#xx:32
op IMM

Operand is immediate data.

7 Program-counter relative 23 0
@(d:8,PC)/@(d:16,PC) | PC contents h
op disp ;
31 2423 0
|Don't carel
8 Memory indirect @ @aa:8
« Normal mode™
‘ - !
| oo | ebs ] H'000000 | avs |
15 0 31 2423 16 15 0
Memory contents | |Don't carel H'00 | |
* Advanced mode
‘ - !
| oo | ebs ] H000000 | avs | 31 o423 o
31 0 |Don't carel
Memory contents | T
!
Note: * Normal mode is not available in this LSI.
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2.8 Processing States

The H85/2600 CPU has five main processing states:; the reset state, exception handling state,
program execution state, bus-released state, and program stop state. Figure 2.13 indicates the state
transitions.

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

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

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

¢ Bus-Released State
In aproduct which has a bus master other than the CPU, such as a direct memory access
controller (DMAC) and adatatransfer controller (DTC), the bus-released state occurs when
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 operations.

e Program stop state
Thisis apower-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For further
details, refer to section 24, Power-Down Modes.
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Exception External interrupt request Software standby
handling_]_sy mode
RES = High
------------------------------ STBY = High,
_\ RES = Low Hardware standby

End of bus request

Bus request

Sleep mode

Reset state™’

mode*?

Reset state

Power down state*®

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

. In every state, when the STBY pin becomes low, the hardware standby mode is entered.

. For detalils, refer to section 24, Power-Down Modes.

Figure2.13 State Transitions
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2.9 Usage Note

291 Usage Notes on Bit-wise Operation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions are used to read data in byte-wise, operate
the datain bit-wise, and write the result of the bit-wise operation in bit-wise again. Therefore,
special careis necessary to use these instructions for the registers and the ports that include write-
only bit.

The BCLR instruction can be used to clear the flagsin theinternal 1/O registersto 0. In thistime,
if it isobviousthat the flag has been set to 1 in the interrupt handler, thereis no need to read the
flag beforehand.
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Section 3 MCU Operating Modes

31 Operating Mode Selection

The H85/2426 Group, H8S/2426R Group, and H85/2424 Group have five operating modes
(modes 1 to 4 and 7). The operating mode is selected by the setting of mode pins (MD2 to MDO).

Modes 1, 2, and 4 are externally expanded modes in which the CPU can access an external
memory and peripheral devices. In an externally expanded mode, the external address space can
be designated as an 8-hit or 16-bit address space for each area by the bus controller at the
beginning of program execution. If a 16-bit address space is designated for any one area, the 16-
bit bus mode is selected. If an 8-bit address space is designated for all areas, the 8-bit bus modeis
selected.

Mode 7 is a single-chip activation expanded mode in which the CPU can switch to access an
external memory and peripheral devices at the beginning of program execution.

Mode 3 is a boot mode in which the flash memory can be programmed or erased. For details on
the boot mode, refer to section 21, Flash Memory.

The settings for pins MD2 to MDO should not be changed during LS| operation.

Table3.1 MCU Operating Modes

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Value Value

1* 0 0 1 Advanced Expanded mode with Disabled 16 bits 16 bits
on-chip ROM disabled

2% 0 1 0 Advanced Expanded mode with Disabled 8 bits 16 bits
on-chip ROM disabled

0 1 1 Advanced Boot mode Enabled — 16 bits

4 1 0 0 Advanced Expanded mode with Enabled 8 bits 16 bits
on-chip ROM enabled

7 1 1 1 Advanced Single-chip mode Enabled — 16 bits

Note: * Only modes 1 and 2 may be used in ROM-less versions.

Rev. 1.00 Sep. 19, 2008 Page 79 of 1270
RENESAS REJ09B0466-0100



Section 3 MCU Operating Modes

3.2 Register Descriptions
The following registers are related to operating mode setting.

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

321 Mode Control Register (MDCR)

MDCR monitors the current operating mode of this LSI.

Bit Bit Name Initial Value R/W  Descriptions
7t03 — All O — Reserved
These bits are always read as 0 and cannot be
modified.
2 MDS2 —* R Mode Select 210 0
MDSH1 —* R These bits indicate the input levels at mode pins

0 MDSO * R MD2 to MDO (the current operating mode). Bits
MDS2 to MDSO0 correspond to pins MD2 to MDO,
respectively. These bits are read-only bits and so
they cannot be modified. The input levels of the
MD2 to MDO pins are latched into these bits when
MDCR is read. These latches are canceled by a
reset.

Note: * Determined by the settings of pins MD2 to MDO.

322 System Control Register (SYSCR)

SY SCR selects saturation operation for the MAC instruction, controls CPU access to the flash
memory control registers, sets the external bus mode, and enables or disables on-chip RAM.
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Bit Bit Name

Initial Value

R/W

Descriptions

7,6 —

All1

R/W

Reserved
The initial value should not be modified.

5 MACS

R/W

MAC Saturation Operation Control

Selects either saturation operation or non-saturation
operation for the MAC instruction.

0: MAC instruction performs non-saturation operation
1: MAC instruction performs saturation operation

R/W

Reserved
The initial value should not be modified.

3 FLSHE

R/W

Flash Memory Control Register Enable

Controls CPU access to the flash memory control
registers (FLMCR1, DFPR, and FLMSTR). If this bit
is set to 1, the flash memory control registers can be
read from and written to. If this bit is cleared to 0, the
flash memory control registers are not selected. At
this time, the contents of the flash memory control
registers are retained. 0 should be written to this bit in
LSIs other than the flash memory version.

0: Flash memory control registers are not selected for
addresses H'FFFEBO to H'FFFEB3

1: Flash memory control registers are selected for
addresses H'FFFEBO to HFFFEB3

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

1 EXPE

R/W

External Bus Mode Enable

Sets the external bus mode. In modes 1, 2, and 4,
this bit is fixed at 1 and cannot be modified. In modes
3 and 7, this bit can be read from and written to.
Writing 0 to this bit when its value is 1 should only be
carried out when an external bus cycle is not being
executed.

0: External address space is disabled
1: External address space is enabled

0 RAME

R/W

RAM Enable

Enables or disables the on-chip RAM. This bit is
initialized when the reset state is canceled.

0: On-chip RAM is disabled
1: On-chip RAM is enabled
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3.3 Operating Mode Descriptions

331 Mode 1
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A to C function as an address bus, ports D and E function as a data bus, and parts of ports F
to H function as bus control signals.

Theinitial bus mode immediately after areset is 16 hits, with 16-bit access to all areas. However,
if 8-bit accessis designated for all areas by the bus controller, the bus mode switches to 8 hits.

332 Mode 2
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A to C function as an address bus, ports D and E function as a data bus, and parts of ports F
to H function as bus control signals.

Theinitial bus mode immediately after areset is 8 bits, with 8-bit accessto all areas. However, if
16-hit accessis designated for any one of the areas by the bus controller, the bus mode switches to
16 bits and port E functions as a data bus.

3.3.3 Mode 3

This mode is aboot mode of the flash memory. This mode is the same as mode 7, except for the
programming and erasure of the flash memory. Mode 3 is only available in the flash memory
version.
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334 Mode 4

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
The program in the on-chip ROM connected to the first half of area 0 is executed.

Ports A to C function as input ports immediately after areset, but can be set to function as an
address bus depending on each port register setting. Port D functions as a data bus and parts of
ports F to H function as bus control signals. For details on function switching of ports A to C, see
section 10, 1/0 Ports.

Theinitial bus mode immediately after areset is 8 bits, with 8-bit accessto all areas. However, if
16-hit accessis designated for any one of the areas by the bus controller, the bus mode switches to
16 bits and port E functions as a data bus.

In the flash memory version, user program mode is entered by setting the SWE bit in FMCMDEN
to L.

3.35 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
and the LSl starts up in single-chip mode. External address spaces cannot be used in single-chip
mode.

Theinitial mode immediately after areset is single-chip mode, with all 1/O ports available for use
as input/output ports. However, setting the EXPE hit in SY SCR to 1 switches the mode to an
externally expanded mode in which the external address spaces are enabled. When an externally
expanded mode is selected, all areas are initially designated as a 16-bit access space. The functions
of pinsin ports A to H are the same as those in an externally expanded mode with on-chip ROM
enabled.

In the flash memory version, user program mode is entered by setting the SWE bit in FMCMDEN
to 1.
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3.36 Pin Functions
Table 3.2 shows the pin functions in each operating mode.

Table3.2 Pin Functionsin Each Operating Mode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 7
Port A PA7 to PA5 P*/A P*/A P*/A P*/A P*/A
PA4 to PAO A A
Port B A A P*/A P*/A P*/A
Port C A A P*/A P*/A P*/A
Port D D D P*/D D P*/D
Port E P/D* P*/D P*/D P*/D P*/D
Port F  PF7, PF6 P/C* P/C* P*/C P/C* P*/C
PF5, PF4 C C C
PF3 P/C* P/C* P/C*
PF2 to PFO P*/C P*/C P*/C
PortG PG6 to PG1 P*/C P*/C P*/C P*/C P*/C
PGO P/C* P/C*
Port H P*/C P*/C P*/C P*/C P*/C
[Legend]
P: I/O port
A: Address bus output
D: Data bus input/output
C: Control signals, clock input/output
*.

: Immediately after a reset
Note: Port H is not supported in the H8S/2424 Group.

34 Memory Map in Each Operating Mode

Figures 3.1 to 3.5 show memory mapsin each operating mode.
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RAM: 64 Kbytes*6/48 Kbytes ROM: 256 Kbytes
RAM: 64 Kbytes*6/48 Kbytes
Modes 1 and 2

(Expanded mode with Mode 3
on-chip ROM disabled) (Boot mode)
H'000000 H'000000
On-chip ROM
H'040000
Reserved areax4
H'080000
External address
space
External address space/
Reserved areax2x4
H'FO0000
Data flash area 8 Kbytes*”
H'F02000
External address space/
= NS Reserved areax2+4
H'FE8000 H'FE8000
Reserved areax4 Reserved areax4
HFEC000 On-chip RAM/External address space/ HFEC000 On-chip RAM/Reserved area*3*5
, Reserved areax1x5 H'FF0000
H'FF0000 romwe - On-chip RAM*3
, n-chip RAM/External address space*! p
H'FFC000 H'FFC000
Reserved areax4 Reserved areax4
H'FFC800 H'FFC800
External address space Exﬁégglr\?ggr:;z fg’iCE/
H'FFFA00 H'FFFA00
Internal I/O registers Internal I/O registers
H'FFFFOO0 H'FFFFOO
External address space Ext;g;zlr\?gg;ersesé*sg*a“ce/
H'FFFF20 H'FFFF20 -
HEFFFFF Internal I/O registers HEFFFFF Internal I/O registers

Notes: 1. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

2. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.

3. On-chip RAM is used for flash memory programming. The RAME bit in SYSCR should not be cleared to 0.

4. Areserved area should not be accessed.

5. Area from H'FECO000 to H'FEFFFF in the H8S/24268, H8S/24268R, and H8S/24248 Groups is reserved and
should not be accessed.

6. 64-Kbyte version (H8S/24269, H8S/24269R, and H8S/24249) is under development.

7. Data flash is in planning.

Figure3.1 Memory Map in Each Operating Mode (ROM: 256-K byte Version):
H8S5/24269, H8S/24269R, H85/24268, H8S/24268R, H8S/24249, and H8S5/24248
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ROM: 256 Kbytes ROM: 256 Kbytes
RAM: 64 Kbytes*6/ 48 Kbytes RAM: 64 Kbytes*6/ 48 Kbytes
Mode 4 Mode 7
(Expanded mode with (Single-chip activation expanded mode
on-chip ROM enabled) with on-chip ROM enabled)
H'000000 H'000000
On-chip ROM On-chip ROM
H'040000 H'040000
Reserved area*4 Reserved area*4
H'080000 H'080000
External address External address space/
space Reserved area*2x4
H'FO0000 H'FO0000
Reserved areax4 Data flash area 8 Kbytes*7?
H'F02000 H'F02000
Extemal address space External address space/
Reserved area*2+4
H'FE8000 H'FE8000
Reserved areax4 Reserved areax4
H'FEC000 (On-chip RAM/External address space/| H'FEC000 On-chip RAM/External address space,
R d *1*5 *3%5
H'FF0000 eserve .area H'EF0000 Reserve(.i area
On-chip RAM/ On-chip RAM/
External address space*! External address space*3
H'FFC000 " H'FFC000 R 3 2
* *
H'FFC800 Reserved area: H'EFC800 eserved area
External address space/
External address space Reserved areax2s4
H'FFFAO00 H'FFFA00
H'FFFF00 Internal I/O registers Internal I/O registers
H'FFFF00
External address space Exségzlrfgg;eriszice/
H'FFFF20 H'FFFF20
i Internal I/O registers
HFFEFEE Internal I/O registers H'EEEEEE gl
Notes: 1.

6.
7. Data flash is in planning.

This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.
. While EXPE = 1, this area is specified as the external address space when RAME = 0 and the on-chip RAM area

when RAME = 1. While EXPE = 0, this area is specified as the on-chip RAM area.

. Areserved area should not be accessed.
. Area from H'FEC000 to H'FEFFFF in the H8S/24268, H8S/24268R, and H8S/24248 Groups is reserved and

should not be accessed.
64-Kbyte version (H8S/24269, H8S/24269R, and H8S/24249) is under development.

Figure3.2 Memory Map in Each Operating Mode (ROM: 256-K byte Version):

H8S5/24269, H8S/24269R, H8S/24249, and H8S5/24248
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RAM: 48 Kbytes ROM: 128 Kbytes
RAM: 48 Kbytes
Modes 1 and 2

(Expanded mode with Mode 3
on-chip ROM disabled) (Boot mode)
H'000000 H'000000
On-chip ROM
H'020000

Reserved areax4
H'080000

External address
space External address space/
Reserved areax2x4

H'FO0000
Data flash area 8 Kbytes*5
H'F02000
External address space/
= H Reserved areax2x4
H'FE8000 H'FE8000
Reserved area*4 Reserved areax4
H'FF0000 H'FF0000
On-chip RAM/ .
External address space*1 On-chip RAM*3
H'FFC000 '
Reserved areax4 HFFC000 Reserved areax4
H'FFC800 H'FFC800
External address space Exﬁégzlr?ggr:rzz fgzce/
H'FFFAQO H'FFFA00
Internal 1/O registers Internal I/O registers
H'FFFFO0 H'FFFFO0
External address space EX}?;Q@',\?;’S raerzz*sg*ice/
H'FFFF20 H'FFFF20 _
HEFFEFE Internal I/O registers e — Internal I/O registers

Notes: 1. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.
2. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.
3. On-chip RAM is used for flash memory programming. The RAME bit in SYSCR should not be cleared to 0.
4. Areserved area should not be accessed.
5. Data flash is in planning.

Figure3.3 Memory Map in Each Operating Mode (ROM: 128-Kbyte Version):
H8S5/24265, H8S/24265R, and H8S5/24245
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Notes:

H'000000

H'020000

H'080000

H'FO0000

H'F02000

H'FE8000

H'FF0000

H'FFC000
H'FFC800

HFFFA00
H'FFFFOO

H'FFFF20
HFFFFFF

ROM: 128 Kbytes
RAM: 48 Kbytes
Mode 4
(Expanded mode with
on-chip ROM enabled)

On-chip ROM

Reserved area*4

External address
space

H'000000

H'020000

H'080000

ROM: 128 Kbytes
RAM: 48 Kbytes
Mode 7

(Single-chip activation expanded mode

with on-chip ROM enabled)

On-chip ROM

Reserved area*#

External address space/
Reserved area*2+4

H'F00000
Reserved areax4 Data flash area 8 Kbytes*5
H'F02000
External address space/
External address space Reserved areax2«4
H'FE8000
Reserved area*4 Reserved areax4
H'FF0000
-chdp RAM/ On-chip RAM/
External address space*! External address space*3
Reserved areax4 :‘EESEES Reserved areax4
External address space Exgaér;aelregg r:rzsaf gice/
H'FFFA00
Internal I/O registers Internal I/O registers
H'FFFF00 External address space/
External address space Reserved areax2+4
H'FFFF20 )
Internal I/O registers Internal I/O registers
H'FFFFFF

1. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

2. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.
3. While EXPE = 1, this area is specified as the external address space when RAME = 0 and the on-chip RAM area

when RAME = 1. While EXPE = 0, this area is specified as the on-chip RAM area.

4. Areserved area should not be accessed.

5. Data flash is in planning.

Figure3.4 Memory Map in Each Operating Mode (ROM: 128-K byte Version):

H85/24265, H8S/24265R, and H8S5/24245
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RAM: 64 Kbytes*4/48 Kbytes

Modes 1 and 2
(Expanded mode with
on-chip ROM disabled)

H'000000
External address
space
H'FE8000
Reserved areax2
HFEC000 On-chip RAM/External address space/|
) Reserved area* 1*3
H'FF0000 On-chip RAM/External address space* 1*3
H'FFC000
Reserved area*2
H'FFC800
External address space
H'FFFA00
Internal 1/O registers
H'FFFFOO0
External address space
H'FFFF20
HEFFEEF Internal 1/O registers

Notes: 1. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.
2. Areserved area should not be accessed.
3. Area from H'FECO000 to H'FEFFFF in the H8S/24261, H8S/24261R, and H8S/24241 Groups is
reserved and should not be accessed.
4. 64-Kbyte version (H8S/24262, H8S/24262R, and H8S/24242) is in planning.

Figure3.5 Memory Map in Each Operating Mode (ROM-L ess Version):
H8524262, H8S/24262R, H85/24261, H8S24261R, H8524242, and H8S5/24241
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trace, interrupt, illegal
instruction, or trap instruction. Exception handling is prioritized as shown in table 4.1. If two or
more exceptions occur simultaneously, they are accepted and processed in order of priority.
Exception sources, the stack structure, and operation of the CPU vary depending on the interrupt
control mode. For details on the interrupt control mode, refer to section 5, Interrupt Controller.

Table4.1 Exception Typesand Priority

Priority  Exception Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at the RES

4 pin, or when the watchdog timer overflows. The CPU enters
the reset state when the RES pin is low.

lllegal instruction Starts when execution of an illegal instruction code is
detected.

Trace*' Starts when execution of the currently executed instruction
or exception handling ends, if the trace (T) bit in the EXR is
setto 1.

Direct transition*? Starts when the direct transition occurs by execution of the
SLEEP instruction.

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

Low Trap instruction** 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. Not available in this LSI.
3. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

4. Trap instruction exception handling requests are accepted at all times in program
execution state.
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4.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception

sources and their vector addresses. Since the usable modes differ depending on the product, for
details on each product, refer to section 3, MCU Operating M odes.

Table4.2

Exception Source

Exception Handling Vector Table

Vector Number

Vector Address**

Normal Mode*?

Advanced Mode

Power-on reset

H'0000 to H'0001

H'0000 to H'0003

Manual reset*®

H'0002 to H'0003

H'0004 to H'0007

Reserved for system use

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

lllegal instruction

H'0008 to H'0019

H'0010 to H'0013

Trace

H'000A to H'000B

H'0014 to H'0017

Interrupt (direct transition)**

H'000C to H'000D

H'0018 to H'001B

Interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction (#0)
(#1)
(#2)
(#3)

O|N[o|O|~|lW[N| =[O

H'0010 to H'0011

H'0020 to H'0023

©

H'0012 to H'0013

H'0024 to H'0027

-
o

H'0014 to H'0015

H'0028 to H'002B

—_
'y

H'0016 to H'0017

H'002C to H'002F

Reserved for system use

-
\V]

H'0018 to H'0019

H'0030 to H'0033

—_
w

H'001A to H'001B

H'0034 to H'0037

—_
N

H'001C to H'001D

H'0038 to H'003B

—_
(6]

H'001E to H'001F

H'003C to H'003F

External interrupt  IRQO

-
(o]

H'0020 to H'0021

H'0040 to H'0043

IRQ1

-
~

H'0022 to H'0023

H'0044 to H'0047

IRQ2

-
oo

H'0024 to H'0025

H'0048 to H'004B

IRQ3

-
©

H'0026 to H'0027

H'004C to H'004F

IRQ4

N
o

H'0028 to H'0029

H'0050 to H'0053

IRQ5

n
pary

H'002A to H'002B

H'0054 to H'0057

IRQ6

N
\V]

H'002C to H'002D

H'0058 to H'005B
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Exception Source

Vector Number

Vector Address**

Normal Mode*?

Advanced Mode

External interrupt IRQ7 23 H'002E to H'002F H'005C to H'005F
IRQ8*® 24 H'0030 to H'0031 H'0060 to H'0063

IRQ9*° 25 H'0032 to H'0033 H'0064 to H'0067

IRQ10*° 26 H'0034 to H'0035 H'0068 to H'006B

IRQ11*° 27 H'0036 to H'0037 H'006C to H'006F

IRQ12*° 28 H'0038 to H'0039 H'0070 to H'0073

External interrupt ~ IRQ13*° 29 H'003A to H'003B H'0074 to H'0077
IRQ14*° 30 H'003C to H'003D H'0078 to H'007B

IRQ15*° 31 H'003E to H'003F H'007C to H'007F

Internal interrupt** 32 H'0040 to H'0041 H'0080 to H'0083
1|57 H'013A tc|) H'013B H'0274 tc|) H'0277

Notes: 1.

Lower 16 bits of the address.

2. Not available in this LSI.
3. Not available in this LSI. It is reserved for system use.

4. For details of internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.

5. Reserved for system use in the H8S/2424 Group.
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4.3 Reset

A reset has the highest exception priority. When the RES pin goes low, all processing halts and
this LS! entersthe reset. To ensure that thisLS! isreset, hold the RES pin low for at least 20 ms at
power-up. To reset this LS| during operation, hold the RES pin low for at least 20 states. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules. This LS|
can also be reset by overflow of the watchdog timer. For details see section 14, Watchdog Timer
(WDT). The interrupt control mode is 0 immediately after reset.

431 Reset Exception Handling

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

1. Theinterna state of the CPU and the registers of the on-chip peripheral modules are
initialized, the T bit is cleared to 0 in EXR, and the | bit isset to 1 in EXR and CCR.

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

Figures 4.1 and 4.2 show examples of the reset sequence.
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<

RES

Internal
address bus

Internal read
signal

Internal write
signal

Internal data
bus

(1
(2
(5
6

Vector fetch

i

Internal

Prefetch of first
processing program instruction

X o X ®)
5 ' High | 5 5
@) — @ 1) Z ©) !

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

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

First program instruction

Figure4.1 Reset Sequence (Advanced Modewith On-chip ROM Enabled)

RENESAS
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Internal Prefetch of first
Vector fetch processing  program instruction

i
T

Address bus

(©)

AWR, LWR ! : High ! ! !
: —\ I\ \

D15 to DO T 2) 4) . T 6)
0 : { ():, { @ y— (6)

(1)(3) Reset exception handling vector address (when reset, (1)=H'000000, (3)=H'000002)
(2)(4) Start address (contents of reset exception handling vector address)

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

(6) First program instruction

Note: * Seven program wait states are inserted.

Figure4.2 Reset Sequence (Advanced Mode with On-chip ROM Disabled)

432 Interrupts after Reset

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

433 On-Chip Peripheral Functions after Reset Release

After reset release, MSTPCR isinitialized to H'OFFF, EXMSTPCR isinitialized to H'FFFF, and
all modules except the DMAC, EXDMAC, and DTC enter modul e stop mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when module stop mode is exited.
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4.4 Trace Exception Handling

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details on interrupt control modes, see section 5,
Interrupt Controller.

If the T bitin EXR isset to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace modeis not affected by interrupt masking. Table 4.3 shows
the state of CCR and EXR after execution of trace exception handling. Trace mode is canceled by
clearing the T bit in EXR to 0. The T bit saved on the stack retainsits 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.

Interrupts are accepted even within the trace exception handling routine.

Table4.3 Statusof CCR and EXR after Trace Exception Handling

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

— Retains value prior to execution

45 Interrupt Exception Handling

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 levelsto enable
multiplexed interrupt control. The source to start interrupt exception handling and the vector
address differ depending on the product. For details, refer to section 5, Interrupt Controller.

The interrupt exception handling is as follows:

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

2. Theinterrupt mask hit is updated and the T bit is cleared to O.

3. A vector address corresponding to the interrupt source is generated, the start addressis loaded
from the vector table to the PC, and program execution starts from that address.
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4.6 Trap Instruction Exception Handling

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

The trap instruction exception handling is asfollows:

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

2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

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

The TRAPA instruction fetches a start address from a vector table 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.

Table4.4 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend:
1: Setto1

0: Clearedto 0
—: Retains value prior to execution
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4.7 Illegal Instruction Exception Handling

Illegal instruction exception handling starts when the CPU executing an illegal instruction codeis
detected. Illegal instruction exception handling can be executed at all times in the program
execution state.

Theillegal instruction exception handling is as follows:

1. Thevauesinthe PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the exception is generated, the
start address of the exception service routine is loaded from the vector table to the PC, and
program execution starts from that address.

Table 4.5 shows the status of CCR and EXR after execution of illegal instruction exception
handling.

Table45 Statusof CCR and EXR after Illegal Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12to 10
0 1 — — —
2 1 — 0 —
Legend:
1: Setto1

0: Clearedto 0
—: Retains value prior to execution

Illegal instruction codes will not be searched for in the fields that do not affect instruction
definitions, such asthe EA extension or register fields. Instruction codes for an instruction formed
with several words are detected independently, and combined instruction codes are not detected.

Undefined instruction codes must not be executed. The general register contents after execution of
an undefined instruction code or illegal instruction exception handling cannot be guaranteed. The

stack pointer during illegal instruction exception handling and the PC value that will be saved are

also not guaranteed.
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4.8

Figure 4.3 shows the stack after completion of trap instruction exception handling and interrupt

exception handling.

Stack Status after Exception Handling

Normal Modes*2

SP—~

Advanced Modes

SP—

Notes: 1. Ignored on ret

2. Normal modes are not available in this LSI.

CCR

CCR*

PC (16 bits)

Interrupt control mode 0

CCR

PC (24 bits)

Interrupt control mode 0

urn.

SP—~

SP—~

EXR

Reserved™!

CCR

CCR*!

PC (16 bits)

Interrupt control mode 2

EXR

Reserved™!

CCR

PC (24 bits)

Interrupt control mode 2

Figure4.3 Stack Statusafter Exception Handling
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4.9 Usage Note

When accessing word data or longword data, this LS| assumes that the lowest address bit is 0. The
stack should always be accessed 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 Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to amalfunction. Figure 4.4 shows an example of operation
when the SP valueis odd.

Address

CCR SP—| RIL H'FFFEFA
SP—~ HFFFEFB
PC PC H'FFFEFC
~ |wrrrerD
777777777777777777777777777777777777 H'FFFEFE
SP—~ H'FFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
—> —>
SP set to H'FFFEFF Data saved above SP Contents of CCR lost

Legend:

CCR : Condition code register
PC : Program counter

R1L : General register R1L
SP : Stack pointer

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

Figure4.4 Operation when SP Value s Odd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin the
interrupt control register (INTCR).

Priorities settable with IPR

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

External interrupt pins

NMI isthe highest-priority interrupt, and is accepted at al 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 IRQn-A and IRQn-B.

Notee n=15to0for H8S/2426 Group, n = 7 to 0 for H8S/2424 Group
DTC and DMAC control
DTC and DMAC activations are performed by means of interrupts.
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A block diagram of the interrupt controller is shown in figure 5.1.

CPU

INTM1 INTMO
INTCR}
NMIEG
NMI input > NMI input unit —> Interrupt
request
: — IRQ input unit g
IRQ input — ISR > Vector
N o) number
[ITsr| [iscrR| [IER] Priority >
determination
Internal
interrupt 5 I
sources
SWDTEND K 21010
to SSTXI
Interrupt controller
Legend:
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register
IPR: Interrupt priority register
INTCR: Interrupt control register
ITSR: IRQ pin select register

Figure5.1 Block Diagram of Interrupt Controller
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5.2 I nput/Output Pins
Table 5.1 shows the pin configuration of the interrupt controller.

Table5.1 Pin Configuration

Name 110 Function

NMI Input Nonmaskable external interrupt
Rising or falling edge can be selected.

IRQ15-A to IRQO-A* Input Maskable external interrupts
IRQ15-B to IRQ0-B* Rising, falling, or both edges, or level sensing, can be
selected.

Note: * IRQ7-A to IRQO-A and IRQ7-B to IRQO0-B in the H8S/2424 Group.
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5.3 Register Descriptions

Theinterrupt controller has the following registers.

Interrupt control register (INTCR)

IRQ sense control register H (ISCRH)
IRQ sense control register L (ISCRL)

IRQ enable register (IER)
IRQ statusregister (ISR)
IRQ pin select register (ITSR)

Software standby release IRQ enable register (SSIER)

Interrupt priority register A (IPRA)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
Interrupt priority register F (IPRF)
Interrupt priority register G (IPRG)
Interrupt priority register H (IPRH)
Interrupt priority register | (IPRI)
Interrupt priority register J (IPRJ)
Interrupt priority register K (IPRK)
Interrupt priority register L (IPRL)
Interrupt priority register M (IPRM)
Interrupt priority register N (IPRN)
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531

Interrupt Control Register (INTCR)

INTCR selects the interrupt control mode, and the detected edge for NMI.

Bit

Bit Name

Initial Value R/W

Description

7,6

AllO —

Reserved

These bits are always read as 0 and the initial
value should not be changed.

INTMA1
INTMO

R/W
R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control
modes for the interrupt controller.

00: Interrupt control mode 0
Interrupts are controlled by | bit.

01: Setting prohibited.

10: Interrupt control mode 2
Interrupts are controlled by bits 12 to 10, and
IPR.

11: Setting prohibited.

3

NMIEG

0 R/W

NMI Edge Select
Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of
NMI input

1: Interrupt request generated at rising edge of
NMI input

2100

AllO —

Reserved

These bits are always read as 0 and the initial
value should not be changed.
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532 Interrupt Priority RegistersA to N (IPRA to IPRN)

IPR are eleven 16-hit readable/writable registers that set priorities (levels 7 to 0) for interrupts
other than NMI.

The correspondence between interrupt sources and | PR settingsis shown in table 5.2 (Interrupt
Sources, Vector Addresses, and Interrupt Priorities). Setting avaluein the range from H'0 to H'7
in the 3-bit groups of bits 14 to 12, 10to 8, 6 to 4, and 2 to 0 sets the priority of the corresponding
interrupt. PR should be read in word size.

Bit Bit Name Initial Value R/W Description

15 — 0 — Reserved

This bit is always read as 0 and the initial value
should not be changed.

14 IPR14 1 R/W Sets the priority of the corresponding interrupt
13 IPR13 1 R/wW  Source.
12 IPR12 1 R/W 000: Priority level 0 (Lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

11 — 0 — Reserved

This bit is always read as 0 and the initial value
should not be changed.

10 IPR10 1 R/W Sets the priority of the corresponding interrupt
9 IPR9 1 R/w  Source.
8 IPR8 1 R/WwW  000: Priority level 0 (Lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)
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Bit

Bit Name

Initial Value

R/W

Description

0

Reserved

This bit is always read as 0 and the initial value
should not be changed.

IPR6
IPR5
IPR4

R/W
R/W
R/W

Sets the priority of the corresponding interrupt
source.

000: Priority level O (Lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

Reserved

This bit is always read as 0 and the initial value
should not be changed.

IPR2
IPR1
IPRO

R/W
R/W
R/W

Sets the priority of the corresponding interrupt
source.

000: Priority level 0 (Lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

RENESAS
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533

IRQ Enable Register (IER)

IER controls enabling and disabling of interrupt requests IRQ15 to IRQO.

Bit

Bit Name

Initial Value

R/W

Description

15

IRQ15E

0

R/W

IRQ15 Enable*

The IRQ15 interrupt request is enabled when this
bitis 1.

14

IRQ14E

R/W

IRQ14 Enable*

The IRQ14 interrupt request is enabled when this
bit is 1.

13

IRQ13E

R/W

IRQ13 Enable*

The IRQ13 interrupt request is enabled when this
bit is 1.

12

IRQ12E

R/W

IRQ12 Enable*

The IRQ12 interrupt request is enabled when this
bit is 1.

11

IRQ11E

R/W

IRQ11 Enable*

The IRQ11 interrupt request is enabled when this
bit is 1.

10

IRQ10E

R/W

IRQ10 Enable*

The IRQ10 interrupt request is enabled when this
bit is 1.

IRQ9E

R/W

IRQ9 Enable*

The IRQ9 interrupt request is enabled when this
bit is 1.

IRQ8E

R/W

IRQ8 Enable*

The IRQ8 interrupt request is enabled when this
bit is 1.

IRQ7E

R/W

IRQ7 Enable

The IRQ7 interrupt request is enabled when this
bit is 1.

IRQ6E

R/W

IRQ6 Enable

The IRQ6 interrupt request is enabled when this
bitis 1.
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Bit Bit Name Initial Value  R/W Description

5 IRQ5E 0 R/W IRQ5 Enable
The IRQS5 interrupt request is enabled when this
bitis 1.

4 IRQ4E 0 R/W IRQ4 Enable
The IRQ4 interrupt request is enabled when this
bit is 1.

3 IRQ3E 0 R/W IRQ3 Enable

The IRQ3 interrupt request is enabled when this
bit is 1.

2 IRQ2E 0 R/W IRQ2 Enable

The IRQ2 interrupt request is enabled when this
bit is 1.

1 IRQ1E 0 R/W IRQ1 Enable

The IRQ1 interrupt request is enabled when this
bit is 1.

0 IRQOE 0 R/W IRQO Enable

The IRQO interrupt request is enabled when this
bit is 1.

Note: * These bits are reserved in the H8S/2424 Group.

Rev. 1.00 Sep. 19, 2008 Page 111 of 1270
RENESAS REJ09B0466-0100



Section 5 Interrupt Controller

534 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)
I SCR select the source that generates an interrupt request at pins IRQ15 to IRQO.

e |SCRH (H85/2426 Group only)
Bit Bit Name Initial Value R/W Description

15 IRQ15SCB 0 R/W IRQ15 Sense Control B
14 IRQ15SCA 0 R/W IRQ15 Sense Control A

00: Interrupt request generated at IRQ15 input low
level

01: Interrupt request generated at falling edge of
IRQ15 input

10: Interrupt request generated at rising edge of
IRQ15 input

11: Interrupt request generated at both falling and
rising edges of IRQ15 input

13 IRQ14SCB 0 R/W IRQ14 Sense Control B
12 IRQ14SCA 0 R/W IRQ14 Sense Control A

00: Interrupt request generated at IRQ14 input low
level

01: Interrupt request generated at falling edge of
IRQ14 input

10: Interrupt request generated at rising edge of
IRQ14 input

11: Interrupt request generated at both falling and
rising edges of IRQ14 input

11 IRQ13SCB 0 R/W IRQ13 Sense Control B
10 IRQ13SCA 0 R/W IRQ13 Sense Control A

00: Interrupt request generated at IRQ13 input low
level

01: Interrupt request generated at falling edge of
IRQ13 input

10: Interrupt request generated at rising edge of
IRQ13 input

11: Interrupt request generated at both falling and
rising edges of IRQ13 input
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Initial Value

Description

IRQ12SCB 0
IRQ12SCA ©

IRQ12 Sense Control B
IRQ12 Sense Control A

00: Interrupt request generated at IRQ12 input low
level

01: Interrupt request generated at falling edge of
IRQ12 input

10: Interrupt request generated at rising edge of
IRQ12 input

11: Interrupt request generated at both falling and
rising edges of IRQ12 input

~

IRQ11SCB 0
IRQ11SCA 0

IRQ11 Sense Control B
IRQ11 Sense Control A

00: Interrupt request generated at IRQ11 input low
level

01: Interrupt request generated at falling edge of
IRQ11 input

10: Interrupt request generated at rising edge of
IRQ11 input

11: Interrupt request generated at both falling and
rising edges of IRQ11 input

&)

IRQ10SCB 0
IRQ10SCA ©

N

IRQ10 Sense Control B
IRQ10 Sense Control A

00: Interrupt request generated at IRQ10 input low
level

01: Interrupt request generated at falling edge of
IRQ10 input

10: Interrupt request generated at rising edge of
IRQ10 input

11: Interrupt request generated at both falling and
rising edges of IRQ10 input
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Bit Bit Name Initial Value R/W

Description

3 IRQ9SCB 0 R/W
2 IRQ9SCA 0 R/W

IRQ9 Sense Control B
IRQ9 Sense Control A

00: Interrupt request generated at IRQ9 input low
level

01: Interrupt request generated at falling edge of
IRQ9 input

10: Interrupt request generated at rising edge of
IRQQ input

11: Interrupt request generated at both falling and
rising edges of IRQ9 input

1 IRQ8SCB 0 R/W
0 IRQ8SCA O R/W

IRQ8 Sense Control B
IRQ8 Sense Control A

00: Interrupt request generated at IRQ8 input low
level

01: Interrupt request generated at falling edge of
IRQ8 input

10: Interrupt request generated at rising edge of
IRQ8 input

11: Interrupt request generated at both falling and
rising edges of IRQ8 input
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Bit

ISCRL
Bit Name

Initial Value

R/W

Description

15
14

IRQ7SCB
IRQ7SCA

R/W
R/W

IRQ7 Sense Control B
IRQ7 Sense Control A

00: Interrupt request generated at IRQ7 input low
level

01: Interrupt request generated at falling edge of
IRQ7 input

10: Interrupt request generated at rising edge of
IRQ7 input

11: Interrupt request generated at both falling and
rising edges of IRQ7 input

13
12

IRQ6SCB
IRQ6SCA

R/W
R/W

IRQ6 Sense Control B
IRQ6 Sense Control A

00: Interrupt request generated at IRQ6 input low
level

01: Interrupt request generated at falling edge of
IRQ6 input

10: Interrupt request generated at rising edge of
IRQ6 input

11: Interrupt request generated at both falling and
rising edges of IRQ6 input

11
10

IRQ5SCB
IRQ5SCA

R/W
R/W

IRQ5 Sense Control B
IRQ5 Sense Control A

00: Interrupt request generated at IRQ5 input low
level

01: Interrupt request generated at falling edge of
IRQ5 input

10: Interrupt request generated at rising edge of
IRQ5 input

11: Interrupt request generated at both falling and
rising edges of IRQ5 input
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Bit Bit Name Initial Value

R/W

Description

9 IRQ4SCB 0
8 IRQ4SCA O

R/W
R/W

IRQ4 Sense Control B
IRQ4 Sense Control A

00: Interrupt request generated at IRQ4 input low
level

01: Interrupt request generated at falling edge of
IRQ4 input

10: Interrupt request generated at rising edge of
IRQ4 input

11: Interrupt request generated at both falling and
rising edges of IRQ4 input

~

IRQ3SCB
6 IRQ3SCA

R/W
R/W

IRQ3 Sense Control B
IRQ3 Sense Control A

00: Interrupt request generated at IRQ3 input low
level

01: Interrupt request generated at falling edge of
IRQ3 input

10: Interrupt request generated at rising edge of
IRQ3 input

11: Interrupt request generated at both falling and
rising edges of IRQ3 input

&)

IRQ2SCB
IRQ2SCA

N

R/W
R/W

IRQ2 Sense Control B
IRQ2 Sense Control A

00: Interrupt request generated at IRQ2 input low
level

01: Interrupt request generated at falling edge of
IRQ2 input

10: Interrupt request generated at rising edge of
IRQ2 input

11: Interrupt request generated at both falling and
rising edges of IRQ2 input

Rev. 1.00 Sep. 19, 2008 Page 116 of 1270

REJ09B0466-0100

RENESAS



Section 5 Interrupt Controller

Bit Bit Name Initial Value  R/W Description
3 IRQ1SCB 0 R/W IRQ1 Sense Control B
2 IRQ1ISCA 0 R/W IRQ1 Sense Control A
00: Interrupt request generated at IRQ1 input low
level
01: Interrupt request generated at falling edge of
IRQ1 input
10: Interrupt request generated at rising edge of
IRQ1 input
11: Interrupt request generated at both falling and
rising edges of IRQ1 input
1 IRQOSCB R/W IRQO Sense Control B
0 IRQOSCA R/W IRQO Sense Control A
00: Interrupt request generated at IRQO input low
level
01: Interrupt request generated at falling edge of
IRQO input
10: Interrupt request generated at rising edge of
IRQO input
11: Interrupt request generated at both falling and
rising edges of IRQO input
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535

IRQ Status Register (ISR)

ISR isan IRQ15 to IRQO interrupt request flag register.

Bit Bit Name Initial Value  R/W Description
15 IRQ15F** 0 R/(W)*' [Setting condition]
14 IRQ14F** 0 R/(W)*'  When the interrupt source selected by ISCR
13 IRQ13F** 0 R/(W)*' Oceurs
12 IRQ12F*2 0 R/(W)*' [Clearing conditions]
11 IRQ11F*? 0 R/(W)*' ® Cleared by reading IRQnF flag when IRQnF =
10 IRQIOF*> 0 R/(W)*' 1, then writing 0 to IRQNF flag
9 IRQOF*2 0 R/(W)*' e When interrupt excep?ion_handling isca_xeguted
8 IRQSF** 0 RIW)*" YVhan low-level detection is set and IRQn input
7 IRQ7F 0 R/(W)*' © nigh . . —
¢ When IRQn interrupt exception handling is
6 IRQ6F 0 R/(W)*' executed when falling, rising, or both-edge
5 IRQ5F 0 R/(W)*' detection is set
4 IRQ4F 0 R/W)*" o When the DTC is activated by an IRQn
3 IRQ3F 0 R/(W)*’ interrupt, and the DISEL bit in MRB of the DTC
2 IRQ2F 0 R/(W)*' is cleared to O
1 IRQ1F 0 R/(W)*’
0 IRQOF 0 R/(W)*'
Notes: 1. Only 0 can be written, to clear the flag.

2. These bits are reserved in the H8S/2424 Group.
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53.

6  IRQ Pin Select Register (ITSR)

ITSR selectsinput pinsIRQ15 to IRQO.

Bit

H8S5/2426 Group
Bit Name

Initial Value

Description

15

ITS15

0

R/W

Selects the IRQ15 input pin.

0: PF2/IRQ15-A selected
1: P27/IRQ15-B selected

14

ITS14

R/W

Selects the IRQ14 input pin.

0: PF1/IRQ14-A selected
1: P26/IRQ14-B selected

13

ITS13

R/W

Selects the IRQ13 input pin.

0: P65/IRQ13-A selected
1: P25/IRQ13-B selected

12

ITS12

R/W

Selects the IRQ12 input pin.

0: P64/IRQ12-A selected
1: P24/IRQ12-B selected

11

ITS11

R/W

Selects the IRQ11 input pin.

0: P63/IRQ11-A selected
1: P23/IRQ11-B selected

10

ITS10

R/W

Selects the IRQ10 input pin.

0: P62/IRQ10-A selected
1: P22/IRQ10-B selected

ITS9

R/W

Selects the IRQ9 input pin.
0: P61/IRQ9-A selected
1: P21/IRQ9-B selected

ITS8

R/W

Selects the IRQ8 input pin.
0: P60/IRQ8-A selected
1: P20/IRQ8-B selected

ITS7

R/W

Selects the IRQ7 input pin.
0: PA7/IRQ7-A selected
1: PH3/IRQ7-B selected
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Bit Bit Name Initial Value  R/W Description

6 ITS6 0 R/W Selects the IRQ6 input pin.
0: PA6/IRQ6-A selected
1: PH2/IRQ6-B selected

5 ITS5 0 R/W Selects the IRQ5 input pin.
0: PA5/IRQ5-A selected
1: P85/IRQ5-B selected

4 ITS4 0 R/W Selects the IRQ4 input pin.
0: PA4/IRQ4-A selected
1: P84/IRQ4-B selected

3 ITS3 0 R/W Selects the IRQS input pin.
0: P53/IRQ3-A selected
1: P83/IRQ3-B selected

2 ITS2 0 R/W Selects the IRQ2 input pin.
0: P52/IRQ2-A selected
1: P82/IRQ2-B selected

1 ITSH 0 R/W Selects the IRQ1 input pin.
0: P51/IRQ1-A selected
1: P81/IRQ1-B selected

0 ITSO 0 R/W Selects the IRQO input pin.
0: P50/IRQO-A selected
1: P80/IRQO-B selected
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o H8S/2424 Group

Bit

Bit Name

Initial Value R/W

Description

15t0 8

AllO R/W

Reserved

The initial value should not be changed.

ITS7

0 R/W

Selects the IRQ7 input pin.
0: PA7/IRQ7-A selected
1: P47/IRQ7-B selected

ITS6

Selects the IRQ6 input pin.
0: PA6/IRQ6-A selected
1: P46/IRQ6-B selected

ITS5

0 R/W

Selects the IRQ5 input pin.
0: PA5/IRQ5-A selected
1: P45/IRQ5-B selected

ITS4

Selects the IRQ4 input pin.
0: PA4/IRQ4-A selected
1: P44/IRQ4-B selected

ITS3

0 R/W

Selects the IRQ3 input pin.
0: P53/IRQS3-A selected
1: P43/IRQ3-B selected

ITS2

Selects the IRQ2 input pin.
0: P52/IRQ2-A selected
1: P42/IRQ2-B selected

ITS1

Selects the IRQ1 input pin.
0: P51/IRQ1-A selected
1: P41/IRQ1-B selected

ITSO

0 R/W

Selects the IRQO input pin.
0: P50/IRQO-A selected
1: P40/IRQO-B selected
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537

Softwar e Standby Release IRQ Enable Register (SSIER)

SSIER selects the IRQ pins used to recover from the software standby state.

Bit Bit Name Initial Value  R/W Description
15 SSI15* 0 R/W Software Standby Release IRQ Setting
14 SSi14* 0 R/W These bits select the IRQnN pins used to recover
13 SSI13* 0 R/W from the software standby state.
12 SS112% 0 R/W 0: IRQnN requests are not sampled in the software
standby state (Initial value when n = 15 to 3)
11 SSI11* 0 R/W .
. 1: When an IRQn request occurs in the software
10 Ssio 0 R/W standby state, the chip recovers from the
9 SSI9* 0 R/W software standby state after the elapse of the
8 sSI8* 0 RIW ;)osc(:;)llatlon settling time (Initial value when n =2
7 SSI17 0 R/W
6 SSI6 0 R/W
5 SSI5 0 R/W
4 SSl4 0 R/W
3 SSI3 0 R/W
2 SSI2 0 R/W
1 SSi 0 R/W
0 SSI0 0 R/W
Note: * These bits are reserved in the H8S/2424 Group.
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54 Interrupt Sources

54.1 External Interrupts

The H85/2426 Group and H8S/2426R Group each have seventeen external interrupts: NMI and
IRQ15 to IRQO. The H8S/2424 Group has nine external interrupts: NMI and IRQ7 to IRQO. These
interrupts can be used to restore the chip from software standby mode.

NMI Interrupt: Nonmaskable interrupt request (NM1) is the highest-priority interrupt, and is
always accepted by the CPU regardless of the interrupt control mode or the status of the CPU
interrupt mask bits. The NMIEG bit in INTCR can be used to select whether an interrupt is
requested at arising edge or afalling edge on the NMI pin.

IRQnN Interrupts (n = 0to 15 for H85/2426 Group and H8S/2426R Group, n =0to 7 for
H8S/2424 Group): An IRQn interrupt is requested by an input signal at the IRQn pin. The IRQn
interrupts have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, faling
edge, rising edge, or both edges, at the IRQn pin.

e Enabling or disabling of IRQn interrupt requests can be selected with IER.

e Theinterrupt priority level can be set with IPR.

e The status of IRQn interrupt requestsisindicated in ISR. ISR flags can be cleared to 0 by
software.

When IRQn interrupt requests occur at low level of the IRQn pin, the corresponding IRQ pin
should be held low until an interrupt handling starts. Then the corresponding IRQ pin should be
set to high in the interrupt handling routine and clear the IRQNF bit in ISR to 0. Interrupts may not
be executed when the corresponding IRQ pin is set to high before the interrupt handling starts.

Detection of IRQn interrupts does not depend on whether the relevant pin has been set for input or
output. However, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an 1/0 pin for another function.
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A block diagram of IRQn interruptsis shown in figure 5.2.

IRQNE

IRQNSCA, IRQnSCB
i IRQNF I
Edge/ ) IRQn interrupt
4% level detection »S Q L request

— circuit
IRQN R
input

Clear signal

Note: n =0 to 15 for H8S/2426 Group and H8S/2426R Group, n = 0 to 7 for H8S/2424 Group

Figure5.2 Block Diagram of IRQ Interrupts

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. They can be controlled
independently. When the enable bit is set to 1, an interrupt request isissued to the interrupt
controller.

e Theinterrupt priority level can be set by means of |PR.

e TheDMAC and DTC can be activated by a TPU, SCI, or other interrupt request.

e Whenthe DMAC or DTC is activated by an interrupt request, it is not affected by the interrupt
control mode or CPU interrupt mask bit.
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55 Interrupt Exception Handling Vector Table
Table 5.2 shows interrupt exception handling sources, vector addresses, and interrupt priorities.

For default priorities, the lower the vector number, the higher the priority. When interrupt control
mode 2 is set, priorities among modules can be set by means of the IPR. Modules set at the same
priority will conform to their default priorities. Priorities within amodule are fixed.

Table5.2 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector
Origin of Address*”
Interrupt  Interrupt Vector  Advanced DTC DMAC
Source Source Number Mode IPR Priority Activation Activation
External NMI 7 H'001C — High — —
pin IRQO 16 H'0040 IPRA14 to IPRAT2 ¢ O —
IRQ1 17 H'0044 IPRA10 to IPRA8 O —
IRQ2 18 H'0048 IPRAG to IPRA4 O —
IRQ3 19 H'004C IPRA2 to IPRAO O —
IRQ4 20 H'0050 IPRB14 to IPRB12 O —
IRQ5 21 H'0054 IPRB10 to IPRB8 O —
IRQ6 22 H'0058 IPRB6 to IPRB4 O —
IRQ7 23 H'005C IPRB2 to IPRBO O —
IRQ8** 24 H'0060 IPRC14 to IPRC12 O —
IRQ9** 25 H'0064 IPRC10 to IPRC8 O —
IRQ10** 26 H'0068 IPRCS6 to IPRC4 O —
IRQ11** 27 H'006C IPRC2 to IPRCO O —
IRQ12** 28 H'0070 IPRD14 to IPRD12 O —
IRQ13** 29 H'0074 IPRD10 to IPRD8 O —
IRQ14** 30 H'0078 IPRD6 to IPRD4 O —
IRQ15*2 31 H'007C IPRD2 to IPRDO O —
DTC SWDTEND 32 H'0080 IPRE14 to IPRE12 O —
WDT WOVI 33 H'0084 IPRE10 to IPRES8 — —
— Reserved for 34 H'0088 IPRES6 to IPRE4 — —
system use
Refresh CMI 35 H'008C IPRE2 to IPREO — —
controller Low
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Vector
Origin of Address*’
Interrupt  Interrupt Vector  Advanced DTC DMAC
Source Source Number Mode IPR Priority Activation Activation
— Reserved for 36 H'0090 IPRF14 to IPRF12  High — —
systemuse "o H'0094 A — —
A/D_0 ADIO 38 H'0098 IPRF10 to IPRF8 O O
Reserved for 39 H'009C — —
system use
TPU_O TGIOA 40 H'00A0 IPRF6 to IPRF4 O O
TGIoB 41 H'00A4 O —
TGIoC 42 H'00A8 O —
TGIOD 43 H'00AC IPRF6 to IPRF4 O —
TCloV 44 H'00B0O — —
Reserved for 45 H'00B4 — —
systemuse o H'00BS — —
47 H'00BC — —
TPU_1 TGHA 48 H'00CO IPRF2 to IPRFO O O
TGIHB 49 H'00C4 O _
TChHV 50 H'00C8 — —
TCHU 51 H'00CC — —
TPU_2 TGI2A 52 H'00D0 IPRG14 to IPRG12 O O
TGI2B 53 H'00D4 O —
TCl2v 54 H'00D8 — —
TCl2U 55 H'00DC — —
TPU_3 TGI3A 56 H'00EO IPRG10 to IPRG8 O O
TGI3B 57 H'00E4 O —
TGI3C 58 H'00E8 O —
TGI3D 59 H'00EC O —
TCI3V 60 H'00F0 — —
Reserved for 61 H'00F4 — —
system use 62 H'00FS — —
63 H'00FC Low — _
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Vector
Origin of Address*’
Interrupt  Interrupt Vector  Advanced DTC DMAC
Source Source Number Mode IPR Priority Activation Activation
TPU_4 TGI4A 64 H'0100 IPRG6 to IPRG4 High O O
TGI4B 65 H'0104 4 O —
TCl4Vv 66 H'0108 — —
TCl4U 67 H'010C — —
TPU_5 TGI5A 68 H'0110 IPRG2 to IPRGO O O
TGI5B 69 H'0114 O —
TCI5V 70 H'0118 — —
TCI5U 71 H'011C — —
TMR_O CMIAO 72 H'0120 IPRH14 to IPRH12 O —
CMIBO 73 H'0124 O —
ovio 74 H'0128 — —
Reserved for 75 H'012C IPRH14 to IPRH12 — —
system use
TMR_1 CMIA1 76 H'0130 IPRH10 to IPRH8 O —
CMIB1 77 H'0134 O —
ovi1 78 H'0138 — —
Reserved for 79 H'013C — —
system use
DMAC DMTENDOA 80 H'0140 IPRH6 to IPRH4 O —
DMTENDOB 81 H'0144 O —
DMTEND1A 82 H'0148 O —
DMTEND1B 83 H'014C O —
EXDMAC** Reserved for 84 H'0150 IPRHO to IPRHO — —
systemuse g5 HO0154  IPRI14to IPRH2 — —
EXDMTEND 86 H'0158 IPRI10 to IPRI8 — —
2
EXDMTEND 87 H'015C IPRI6 to IPRI4 Low — —
3
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Vector
Origin of Address*'
Interrupt  Interrupt Vector Advanced DTC DMAC
Source Source Number Mode IPR Priority Activation Activation
SCI_0 ERIO 88 H'0160 IPRI2 to IPRIO High — —
RXI0 89 H0164 4 O O
TXIO 90 H'0168 O O
TEIO 91 H'016C — —
SCI_1 ERN 92 H'0170 IPRJ14 to IPRJ12 — —
RXI 93 H'0174 O O
X 94 H'0178 O O
TEN 95 H'017C — —
SCI_2 ERI2 96 H'0180 IPRJ10 to IPRJ8 — —
RXI2 97 H'0184 O —
TXI2 98 H'0188 O —
TEI2 99 H'018C — —
SCI_3 ERI3 100 H'0190 IPRJ6 to IPRJ4 — —
RXI3 101 H'0194 O —
TXI3 102 H'0198 O —
TEI3 103 H'019C — —
SCI_4 ERI4 104 H'01A0 IPRJ2 to IPRJO — —
RX14 105 H'01A4 O —
TXI4 106 H'01A8 O —
TEI4 107 H'01AC — —
Reserved for 108 H'01B0 IPRK14 to IPRK12 — —
system use 109 H01B4 — —
110 H'01B8 — —
111 H'01BC — —
A/D_1 ADI1 112 H'01CO IPRK10 to IPRK8 O —
Reserved for 113 H'01C4 — —
system use 114 H'01C8 — —
115 H'01CC Low — —
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Vector

Origin of Address*”

Interrupt  Interrupt Vector  Advanced DTC DMAC

Source Source Number Mode IPR Priority Activation Activation

11C2_0 lIclo 116 H'01D0 IPRKSG to IPRK4 High — —
Reserved for 117 H'01D4 A — _
system use

11C2_1 lIci 118 H'01D8 _ —
Reserved for 119 H'01DC — —
system use

TPU_6 TGI6A 120 H'01EO0 IPRK2 to IPRKO O —
TGl6B 121 H'01E4 O —
TGI6C 122 H'O1E8 O —
TGl6D 123 H'01EC O —
TCleVv 124 H'01FO0 — —

TPU_7 TGI7A 125 H'01F4 IPRL14 to IPRL12 O —
TGI7B 126 H'01F8 O —
TCI7V 127 H'01FC — _
TCI7U 128 H'0200 — —

TPU_8 TGIBA 129 H'0204 IPRL10 to IPRL8 O —
TGI8B 130 H'0208 O —
TClgV 131 H'020C — —
TCI8U 132 H'0210 — —

TPU_9 TGI9A 133 H'0214 IPRL6 to IPRL4 O _
TGI9B 134 H'0218 O —
TGI9C 135 H'021C O —
TGI9D 136 H'0220 O —
TCI9V 137 H'0224 — —

TPU_10 TGI10A 138 H'0228 IPRL2 to IPRLO O —
TGI10B 139 H'022C O —
TCIHOV 140 H'0230 — —
TCI10U 141 H'0234 Low — —
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Vector
Origin of Address*”
Interrupt  Interrupt Vector  Advanced DTC DMAC
Source Source Number Mode IPR Priority Activation Activation
TPU_11 TGH1A 142 H'0238 IPRM14 to IPRM12  High O —
TGI11B 143 H'023C 4 O —
TCHH1V 144 H'0240 — —
TCH1U 145 H'0244 — —
— Reserved for 146 H'0248 IPRM10 to IPRM8 — —
system use 147 H'024C — —
148 H'0250 — —
149 H'0254 — —
150 H'0258 IPRM6 to IPRM4 — —
151 H'025C — —
152 H'0260 — —
lic2_2 lIcI2 153 H'0264 IPRM2 to IPRMO — —
lIcC2_3 IICI3 154 H'0268 — —
SSuU SSERI 155 H'026C IPRN14 to IPRN12 — —
SSRXI 156 H'0270 — —
SSTXI 157 H'0274 — —
— Reserved for 158 H'0278 IPRN10 to IPRN8 — —
system use 159 H'027C — —
160 H'0280 — —
161 H'0284 — —
162 H'0288 IPRNG6 to IPRN4 — _
163 H'028C — —
164 H'0290 — —
165 H'0294 — —
166 H'0298 IPRN2 to IPRNO — —
167 H'029C — —
168 H'02A0 — —
169 H'02A4 Low — —
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Vector
*1
Origin of Address
Interrupt  Interrupt Vector  Advanced DTC DMAC
Source Source Number Mode IPR Priority Activation Activation
— Reserved for 170 H'02A8 — High — —
system use

| | t

255 H'O3FC Low — —

Notes: 1. Lower 16 bits of the start address.
2. Not supported in the H8S/2424 Group.
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: interrupt control mode 0 and interrupt control mode 2.
Interrupt operations differ depending on the interrupt control mode. The interrupt control mode is
selected by INTCR. Table 5.3 shows the differences between interrupt control mode 0 and
interrupt control mode 2.

Table5.3 Interrupt Control Modes

Interrupt Priority Setting  Interrupt

Control Mode  Registers Mask Bits  Description

0 Default | The priorities of interrupt sources are fixed at
the default settings.
Interrupt sources except for NMI is masked by
the | bit.

2 IPR 121010 8 priority levels except for NMI can be set with
IPR.
8-level interrupt mask control is performed by
bits 12 to 10.
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56.1 Interrupt Control Mode O

In interrupt control mode O, interrupt requests except for NMI are masked by the | bit of CCRin
the CPU. Figure 5.3 shows aflowchart of the interrupt acceptance operation in this case.

1.

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

If thel bit isset to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending. If the hit iscleared, an interrupt request is accepted.

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.

When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

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

Next, thel bit in CCRisset to 1. Thismasks all interrupts except NMI.

The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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1

Program execution status

No

Interrupt generated?

Hold
pending

| Save PC and CCR |

| 1 |

| Read vector address |

|Branch to interrupt handling routinel

Figure5.3 Flowchart of Procedure Up to Interrupt Acceptance

in Interrupt Control Mode O
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5.6.2 Interrupt Control Mode 2

Ininterrupt control mode 2, mask control isdone in eight levels for interrupt requests except for
NMI by comparing the EXR interrupt mask level (12 to 10 hits) in the CPU and the IPR setting.
Figure 5.4 shows aflowchart of the interrupt acceptance operation in this case.

1. If aninterrupt source occurs when the corresponding interrupt enable bit isset 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 anumber 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 5.2 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 timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

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. TheT bitin EXRiscleared to 0. Theinterrupt 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. The CPU generates avector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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A
Program execution status |

)

nterrupt g@?\”" &=

Yes

No
Level 7 interrupt?
Yes
Mask level 6 N
or below?
Yes

A /

[ save PC, CCR, and EXR | Fold
pending

| |

| Clear T bitto 0

!

| Update mask level |

1

| Read vector address |

|Branch to interrupt handling routinel

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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5.6.3 Interrupt Exception Handling Sequence

Figure 5.5 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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564 Interrupt Response Times

Table 5.4 shows interrupt response times - the interval between generation of an interrupt request
and execution of thefirst instruction in the interrupt handling routine. The execution status
symbols used in table 5.4 are explained in table 5.5. ThisL Sl is capable of fast word transfer to
on-chip memory, and have the program areain on-chip ROM and the stack areain on-chip RAM,
enabling high-speed processing.

Table5.4 Interrupt Response Times

Normal Mode*® Advanced Mode
Interrupt Interrupt Interrupt Interrupt
control control control control
No. Execution Status mode 0 mode 2 mode 0 mode 2
Interrupt priority determination*' 3 3 3 3
2 Number of wait states until executing 1to 19 1t019+2.S, 1to19+2:S 1to
instruction ends** +2-S, 19+2.8,
3 PC, CCR, EXR stack save 2.S, 3-S, 2.§, 3-§,
4 Vector fetch S S, 2:S, 2:S,
5 Instruction fetch** 2.S, 2.S, 2.S, 2.S,
6 Internal processing** 2 2 2 2
Total (using on-chip memory) 11 to 31 1210 32 1210 32 1310 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
5. Not available in this LSI.
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Table5.5 Number of Statesin Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus

Internal 2-State 3-State 2-State 3-State

Symbol Memory Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m

Branch address read S,

Stack manipulation S,

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

5.6.5 DTC and DMAC Activation by Interrupt

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

e Interrupt request to CPU

e Activation request to DTC

e Activation request to DMAC

e Selection of a number of the above

For details of interrupt requests that can be used to activate the DTC and DMAC, seetable 5.2 and
section 9, Data Transfer Controller (DTC) and section 7, DMA Controller (DMAC).
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5.7 Usage Notes

571 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to mask interrupts, the masking becomes effective
after execution of the instruction. When an interrupt enable bit is cleared to 0 by an instruction
such asBCLR or MOV, if an interrupt is generated during execution of the instruction, the
interrupt concerned will still be enabled on completion of the instruction, and so interrupt
exception handling for that interrupt will be executed on completion of the instruction. However,
if there is an interrupt request of higher priority than that interrupt, interrupt exception handling
will be executed for the higher-priority interrupt, and the lower-priority interrupt will be ignored.
The same also applies when an interrupt source flag is cleared to 0. Figure 5.6 shows an example
inwhich the TCIEV bhit inthe TPU's TIER_O register is cleared to 0. The above conflict will not
occur if an enable bit or interrupt source flag is cleared to 0 while the interrupt is masked.

TIER_O write cycle by CPU . .
TCIV exception handling

Internal | |
address bus X TIER_O address X

Internal '
write signal ,
1

TCIEV : | :

TCIV
interrupt signal

Figure5.6 Conflict between Interrupt Generation and Disabling
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572 Instructionsthat Disable Interrupts

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

5.7.3 Timeswhen Interruptsare 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.

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

With the EEPM OV .B instruction, an interrupt request (including NM1) issued during the transfer
is not accepted until the transfer 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 isthe address of the next instruction. Therefore, if an interrupt is generated during execution
of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV .W R4,R4
BNEL1

575 Change of IRQ Pin Select Register (ITSR) Setting

When the ITSR setting is changed, an edge occurs internally and the IRQnF bit (n =0to 15 for
H8S/2426 Group, n = 0 to 7 for H8S/2424 Group) of ISR may be set to 1 at the unintended timing
if the selected pin level before the change is different from the selected pin level after the change.
If the IRQnN interrupt request (n = 0 to 15 for H8S/2426 Group, n = 0 to 7 for H8S/2424 Group) is
enabled, the interrupt exception handling is executed. To prevent the unintended interrupt, ITSR
setting should be changed while the IRQn interrupt request is disabled, then the IRQNF bit should
be cleared to 0.
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576  IRQ StatusRegister (ISR)

Depending on the pin status following areset, IRQNF may be set to 1. Therefore, always read ISR
and clear it to O after resets.
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Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the external address space divided into
eight areas.

The bus controller also has abus arbitration function, and controls the operation of the bus
mastership—the CPU, DMA controller (DMAC), EXDMA controller (EXDMAC)*, and data
transfer controller (DTC). A block diagram of the bus controller is shown in figure 6.1.

Note: * Not supported by the H8S/2424 Group.

6.1 Features

e Manages external address space in area units
Manages the external address space divided into eight areas of 2 Mbytes
Bus specifications can be set independently for each area

Burst ROM, DRAM, synchronous DRAM**, and address/data multiplexed 1/O interfaces can
be set

e Basic businterface
Chip select signals (CS0 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 cycles can be inserted for each area
Extension cycles can be inserted while CS is asserted for each area
Wait cycles can be inserted by the WAIT pin
The negation timing of the read strobe signal (RD) can be modified
e Burst ROM interface
Burst ROM interface can be set independently for areas 0 and 1
e Address/data multiplexed I/O interface
Address/data multiplexed /O interface can be set for areas 6 and 7
o DRAM interface
DRAM interface can be set for areas 2to 5
¢ Synchronous DRAM interface**
Continuous synchronous DRAM space can be set for areas2to 5
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e Idlecycleinsertion

Idle cycles can be inserted between external read cyclesto different areas

Idle cycles can be inserted before the write cycle after aread cycle

Idle cycles can be inserted before the read cycle after awrite cycle
o Write buffer function

External write cycles and internal accesses can be executed in parallel

DMAC single address transfers and internal accesses can be executed in parallel
e Busarbitration function

Includes abus arbiter that arbitrates bus mastership between the CPU, DMAC, DTC, and
EXDMAC*?

Notes: 1. Not supported by the H8S/2426 Group and H85/2424 Group.
2. Not supported by the H85/2424 Group.
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EXDMAC address bus
Internal address bus

Address
selector

Internal bus master bus request signal
EXDMAC bus request signal

Internal bus master bus acknowledge signal
EXDMAC bus acknowledge signal

Internal bus control signals <

Area decoder > CS7to CSO
—— WAIT
<+—— BREQ

External bus controller | BACK
BREQO

External bus
arbiter

N

External bus
:control signals

U

Internal bus controller

CPU bus request signal ————
DTC bus request signal ———
DMAC bus request signal ——™ |ternal bus
CPU bus acknowledge signal <+— arbiter
DTC bus acknowledge signal <
DMAC bus acknowledge signal <+——
Control registers
Internal data bus
N | ABWCR | AsTcR | | DRAMCR |
| wrcraH| wTcrAL | [DRACCRH | DRACCRL |
| wrcreH| wTcrsL | | REFCR |
RDNCR RTCNT | RTCOR
CSACRH | CSACRL
BROMCRH | BROMCRL

Legend:

ABWCR

ASTCR

WTCRAH, WTCRAL,
WTCRBH, and WTCRBL
RDNCR

CSACRH and CSACRL
BROMCRH

BROMCRL

BCR

MPXCR

DRAMCR

DRACCRH and DRACCRL
REFCR

RTCNT

RTCOR

R
MPXCR

IUJ
o

: Bus width control register
: Access state control register

: Wait control registers AH, AL, BH, and BL

: Read strobe timing control register

: CS assertion period control registers H and L
: Area 0 burst ROM interface control register

: Area 1 burst ROM interface control register

: Bus control register

: Address/data multiplexed 1/O control register
: DRAM control register

: DRAM access control registers H and L

: Refresh control register

: Refresh timer counter

: Refresh time constant register

Figure6.1 Block Diagram of Bus Controller
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6.2 I nput/Output Pins
Table 6.1 shows the pin configuration of the bus controller.

Table6.1 Pin Configuration

Name Symbol I/O Function

Address strobe AS Output  Strobe signal indicating that normal space
is accessed and address output on
address bus is enabled.

Address hold AH Output  Signal indicating the timing for latching the
address when the address/data
multiplexed I/O space is set.

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

High write/write enable HWR/MWE Output  Strobe signal indicating that normal space
is written to, and upper half (D15 to D8) of
data bus is enabled or DRAM space write
enable signal.

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

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

Chip select 1 CSH Output  Strobe signal indicating that area 1 is
selected

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

row address strobe 2/ RAS2/ selected, DRAM row address strobe signal

row address strobe*' RAS*' when area 2 is DRAM space or areas 2 to
5 are set as continuous DRAM space, or
row address strobe signal of the
synchronous DRAM when the
synchronous DRAM interface is selected.

Chip select 3/ CSg/ Output  Strobe signal indicating that area 3 is

row address strobe 3/ RAS3/ selected, DRAM row address strobe signal

column address strobe*’ CAS*' when area 3 is DRAM space, or column

address strobe signal of the synchronous
DRAM when the synchronous DRAM
interface is selected.
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Name Symbol I/O Function

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

row address strobe 4/ %84/ selected, DRAM row address strobe signal

write enable*' WE*' when area 4 is DRAM space, or write
enable signal of the synchronous DRAM
when the synchronous DRAM interface is
selected.

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

row address strobe 5/ RAS5/ selected, DRAM row address strobe signal

SDRAM¢*' SDRAM*' when area 5 is DRAM space, or dedicated
clock signal for the synchronous DRAM
when the synchronous DRAM interface is
selected.

Chip select 6 CS6 Output  Strobe signal indicating that area 6 is
selected.

Chip select 7 CS7 Output  Strobe signal indicating that area 7 is
selected.

Upper column address strobe/ UCAS/ OQutput  16-bit DRAM space upper column address

upper data mask enable*’ DQMU*' strobe signal, 8-bit DRAM space column
address strobe signal, upper data mask
signal of 16-bit synchronous DRAM space,
or data mask signal of 8-bit synchronous
DRAM space.

Lower column address strobe/ LCAS/ Output  16-bit DRAM space lower column address

lower data mask enable*’ DQML*' strobe signal or lower data mask signal for
the 16-bit synchronous DRAM space.

Output enable/clock enable OF/ Output  Output enable signal for the DRAM space

CKE*' or clock enable signal for the synchronous

DRAM space.

Wait WAIT Input Wait request signal when accessing
external address space.

Bus request BREQ Input Request signal for release of bus to
external bus master.

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

Bus request output BREQO Output  External bus request signal used when

internal bus master accesses external
address space when external bus is
released.
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Name Symbol I/O

Function

Data transfer acknowledge 1 DACK1 Output
(DMAC)

Data transfer acknowledge signal for
single address transfer by DMAC channel
1.

Data transfer acknowledge 0  DACKO DACKO
(DMAC)

Data transfer acknowledge signal for
single address transfer by DMAC channel
0.

Data transfer acknowledge 3*> EDACKS3** Output
(EXDMAC)

Data transfer acknowledge signal for
single address transfer by EXDMAC
channel 3.

Data transfer acknowledge 2** EDACK2** Output
(EXDMAC)

Data transfer acknowledge signal for
single address transfer by EXDMAC
channel 2.

Notes: 1. Not supported by the H8S/2426 Group and H8S/2424 Group

2. Not supported by the H8S/2424 Group.
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6.3 Register Descriptions

The bus controller has the following registers.

Bus width control register (ABWCR)

Access state control register (ASTCR)

Wait control register AH (WTCRAH)

Wait control register AL (WTCRAL)

Wait control register BH (WTCRBH)

Wait control register BL (WTCRBL)

Read strobe timing control register (RDNCR)

CS assertion period control register H (CSACRH)

CS assertion period control register L (CSACRL)

Area 0 burst ROM interface control register (BROMCRH)
Area 1l burst ROM interface control register (BROMCRL)
Bus control register (BCR)

Address/data multiplexed 1/0O control register (MPXCR)
DRAM control register (DRAMCR)

DRAM access control register (DRACCR)

Refresh control register (REFCR)

Refresh timer counter (RTCNT)

Refresh time constant register (RTCOR)
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6.3.1 BusWidth Control Register (ABWCR)

ABWCR designates each areain the external address space as either 8-bit access space or 16-hit

access space.
Bit Bit Name Initial Value* R/W Description
7 ABW7 1/0 R/W Area 7 to 0 Bus Width Control
6 ABW6 1/0 R/W These bits select whether the corresponding
5 ABWS5 1/0 R/W area is to be designated as 8-bit access space
or 16-bit access space.
4 ABW4 1/0 R/W . . .
0: Area n is designated as 16-bit access space
3 ABW3 1/0 R/W . . .
1: Area n is designated as 8-bit access space
2 ABW2 1/0 R/W (n=7100)
1 ABW1 1/0 R/W
0 ABWO 1/0 R/W

Note: * Inmodes 2 and 4, ABWCR is initialized to 1. In modes 1 and 7, ABWCR is initialized

to 0.

6.3.2 Access State Control Register (ASTCR)

ASTCR designates each area in the external address space as either 2-state access space or 3-state

access space.
Bit Bit Name Initial Value R/W Description
7 AST7 1 R/W Area 7 to 0 Access State Control
6 AST6 1 R/W These bits select whether the corresponding
5 AST5 1 R/W area is to be designated as 2-state access
space or 3-state access space. Wait state
4 AST4 1 R/W insertion is enabled or disabled at the same
3 AST3 1 R/W time.
2 AST2 1 R/W 0: Area n is designated as 2-state access
1 AST1 1 R/W space .
Wait state insertion in area n access is
0 ASTO 1 R/W disabled
1: Area n is designated as 3-state access
space
Wait state insertion in area n access is
enabled
(n=7100)
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6.3.3 Wait Control RegistersAH, AL, BH, and BL (WTCRAH, WTCRAL, WTCRBH,
and WTCRBL)

WTCRA and WTCRB select the number of program wait states for each areain the external
address space.

In addition, CAS latency is set when a synchronous DRAM is connected.
e WTCRAH

Bit Bit Name Initial Value  R/W Description

15 — 0 R Reserved
This bit is always read as 0 and cannot be
modified.

14 W72 1 R/W Area 7 Wait Control 210 0

13 W71 1 R/W These bits select the number of program wait

12 W70 1 R/W states when accessing area 7 while AST7 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
11 — 0 R Reserved

This bit is always read as 0 and cannot be
modified.
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Bit Bit Name Initial Value  R/W Description

10 w62 1 R/W Area 6 Wait Control 210 0

9 w61 1 R/W These bits select the number of program wait
8 W60 1 R/W states when accessing area 6 while AST6 bit in

ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
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e WTCRAL

Bit Bit Name Initial Value  R/W Description

7 — 0 R Reserved
This bit is always read as 0 and cannot be
modified.
W52 1 R/W Area 5 Wait Control 210 0
W51 1 R/W These bits select the number of program wait
4 W50 1 R/W states when accessing area 5 while AST5 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted

111: 7 program wait states inserted

3 — 0 R Reserved
This bit is always read as 0 and cannot be
modified.
2 w42 1 R/W Area 4 Wait Control 210 0
W41 1 R/W These bits select the number of program wait
0 W40 1 R/W states when accessing area 4 while AST4 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
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Bit

WTCRBH

Bit Name

Initial Value

R/W

Description

15

0

Reserved

This bit is always read as 0 and cannot be
modified.

14
13
12

W32
W31
W30

R/W
R/W
R/W

Area 3 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 3 while AST3 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted

11

Reserved

This bit is always read as 0 and cannot be
modified.
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Bit Bit Name Initial Value R/W

Description

10 W22 1 R/W
9 w21 1 R/W
8 W20 1 R/W

Area 2 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 2 while AST2 bit in
ASTCR = 1.

A CAS latency is set when the synchronous
DRAM* is connected. The setting of area 2 is
reflected to the setting of areas 210 5. A CAS
latency can be set regardless of whether or not an
ASTCR wait state insertion is enabled.

000:
001:
010:
011:
100:
101:
110:
111:
000:

001:

010:

011:

Program wait not inserted

1 program wait state inserted
2 program wait states inserted
3 program wait states inserted
4 program wait states inserted
5 program wait states inserted
6 program wait states inserted
7 program wait states inserted

Synchronous DRAM of CAS latency 1 is
connected to areas 2 to 5.

Synchronous DRAM of CAS latency 2 is
connected to areas 2 to 5.

Synchronous DRAM of CAS latency 3 is
connected to areas 2 to 5.

Synchronous DRAM of CAS latency 4 is
connected to areas 2 to 5.

1XX: Setting prohibited.

Legend: X: Don'’t care.

Note: * The synchronous DRAM interface is not supported by the H8S/2426 Group and

H8S/2424 Group.
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e WTCRBL

Bit Bit Name

Initial Value

R/W

Description

7 —_

0

Reserved

This bit is always read as 0 and cannot be
modified.

W12
W11
4 W10

R/W
R/W
R/W

Area 1 Wait Control 2to O

These bits select the number of program wait
states when accessing area 1 while AST1 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted

Reserved

This bit is always read as 0 and cannot be
modified.

2 Wo02
WO1
0 WO00

R/W
R/W
R/W

Area 0 Wait Control 2to 0

These bits select the number of program wait
states when accessing area 0 while ASTO bit in
ASTCR =1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
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6.34 Read Strobe Timing Control Register (RDNCR)

RDNCR selects the read strobe signal (RD) negation timing in abasic bus interface read access.

Bit Bit Name Initial Value  R/W Description

7 RDN7 0 R/W Read Strobe Timing Control 7 to 0

6 RDN6 0 R/W These bits set the negation timing of the read

5 RDN5 0 R/W strobe in a corresponding area read access.

4 RDN4 0 R/W As shown in figure 6.2, the read strobe for an area

3 RDN3 0 R/W for which the RDNn bit is set to 1 is negated one

5 RDN2 0 R/W half-state earlier than that for an area for which the
RDNn bit is cleared to 0. The read data setup and

1 RDN1 0 RW hold time specifications are also one half-state

0 RDNO 0 R/W

earlier.

0: In an area n read access, the RD is negated at
the end of the read cycle
1: In an area n read access, the RD is negated
one half-state before the end of the read cycle
(n=7100)
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Bus cycle

o

RD |
RDNn =0 !

Data

RD |
RDNn =1 !

Data

Figure6.2 Read Strobe Negation Timing (Example of 3-State Access Space)
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6.3.5 CS Assertion Period Control RegistersH, L (CSACRH, CSACRL)

CSACRH and CSACRL select whether or not the assertion period of the basic bus interface chip
select signals (CSn) and address signalsis to be extended. Extending the assertion period of the
CSn and address signals allows flexible interfacing to external 1/O devices.

e CSACRH
Bit Bit Name Initial Value  R/W Description
7 CSXH7 0 R/W CS and Address Signal Assertion Period Control 1
6 CSXH6 0 R/W These bits specify whether or not the T, cycle is to
5 CSXH5 0 R/W be inserted (see figure 6.3). When an area for
4 CSXH4 0 RIW which the CSXHn plt is s_et to 1is accessed, a
one-state T, cycle, in which only the CSn and
3 CSXH3 0 R/W address signals are asserted, is inserted before
2 CSXH2 0 R/W the normal access cycle.
1 CSXH1 0 R/W 0: In area n basic bus interface access, the CSn
0 CSXHO 0 R/W and address assertion period (T,) is not
extended
1: In area n basic bus interface access, the CSn
and address assertion period (T,) is extended
(n=71t00)
e CSACRL
Bit Bit Name Initial Value  R/W Description
7 CSXT7 0 R/W CS and Address Signal Assertion Period Control 2
6 CSXT6 0 R/W These bits specify whether or not the T, cycle
5 CSXT5 0 R/W shown in figure 6.3 is to be inserted. When an
4 CSXT4 0 RW area for which the CSXTn bit is setto 1 is
accessed, a one-state T, cycle, in which only the
3 CSXT3 0 R/W CSn and address signals are asserted, is inserted
2 CSXT2 0 R/W after the normal access cycle.
1 CSXT1 0 R/W 0: In area n basic bus interface access, the CSn
0 CSXTO0 0 R/W and address assertion period (T)) is not

extended

1: In area n basic bus interface access, the CSn
and address assetrtion period (T) is extended

(n=71t00)

Rev. 1.00 Sep. 19, 2008 Page 161 of 1270

RENESAS REJ09B0466-0100



Section 6 Bus Controller (BSC)

Bus cycle

L O e 1
RIRR
. =
s s £ =
- 2 B B &8 E &
5 o
& =

Figure6.3 CS and Address Assertion Period Extension

= 0)

(Example of 3-State Access Space and RDNn
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6.3.6 Area 0 Burst ROM Interface Control Register (BROMCRH)
Area 1 Burst ROM Interface Control Register (BROMCRL)

BROMCRH and BROMCRL are used to make burst ROM interface settings. Area 0 and area 1
burst ROM interface settings can be made independently in BROMCRH and BROMCRL,

respectively.

Bit Bit Name

Initial Value

R/W

Description

7 BSRMn

0

R/W

Burst ROM Interface Select

Selects the basic bus interface or burst ROM
interface.

0: Basic bus interface space
1: Burst ROM interface space

BSTSn2
BSTSn1
BSTSn0

R/W
R/W
R/W

Burst Cycle Select

These bits select the number of burst cycle states.
000: 1 state

001: 2 states

010: 3 states

011: 4 states

100: 5 states

101: 6 states

110: 7 states

111: 8 states

R/W
R/W

Reserved

These bits are always read as 0. The initial value
should not be changed.

1 BSWDn1
0 BSWDn0

R/W
R/W

Burst Word Number Select

These bits select the number of words that can be
burst-accessed on the burst ROM interface.

00: Maximum 4 words
01: Maximum 8 words
10: Maximum 16 words
11: Maximum 32 words

(n=1o0r0)
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6.3.7 Bus Control Register (BCR)

BCRisused for idle cycle settings, selection of the external bus released state protocol, enabling
or disabling of the write data buffer function, and enabling or disabling of WAIT pin input.

Bit Bit Name Initial Value R/W

Description

15 BRLE 0 R/W

External Bus Release Enable
Enables or disables external bus release.
0: External bus release disabled

BREQ, BACK, and BREQO pins can be used
as I/O ports

1: External bus release enabled

14 BREQOE 0 R/W

BREQO Pin Enable

Controls outputting the bus request signal
(BREQO) to the external bus master in the
external bus released state, when an internal bus
master performs an external address space
access, or when a refresh request is generated.

0: BREQO output disabled
BREQO pin can be used as I/O port
1: BREQO output enabled

13 — 0 R/W

Reserved

This bit can be read from or written to. However,
the write value should always be 0.

12 IDLC 1 R/W

Idle Cycle State Number Select

Specifies the number of states in the idle cycle set
by ICIS2, ICIS1, and ICISO.

0: Idle cycle comprises 1 state
1: Idle cycle comprises 2 states

11 ICIS1 1 R/W

Idle Cycle Insert 1

When consecutive external read cycles are
executed in different areas, an idle cycle can be
inserted between the bus cycles.

0: Idle cycle not inserted
1: Idle cycle inserted
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Bit

Bit Name

Initial Value

R/W

Description

10

ICISO

1

R/W

Idle Cycle Insert 0

When an external read cycle and external write
cycle are performed consecutively, an idle cycle
can be inserted between the bus cycles.

0: Idle cycle not inserted
1: Idle cycle inserted

WDBE

R/W

Write Data Buffer Enable

The write data buffer function can be used for an
external write cycle or DMAC single address
transfer cycle.

0: Write data buffer function not used

1: Write data buffer function used

WAITE

R/W

WAIT Pin Enable

Selects enabling or disabling of wait input by the
WAIT pin.

0: Wait input by WAIT pin disabled
WAIT pin can be used as 1/O port
1: Wait input by WAIT pin enabled

7t03

AllO

R/W

Reserved

These bits can be read from or written to.
However, the write value should always be 0.

ICIS2

R/W

Idle Cycle Insert 2

When an external write cycle and external read
cycle are performed consecutively, an idle cycle
can be inserted between the bus cycles.

0: Idle cycle not inserted

1: Idle cycle inserted

1,0

AllO

R/W

Reserved

These bits can be read from or written to.
However, the write value should always be 0.
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6.3.8 Address/Data Multiplexed 1/0 Control Register (MPXCR)
MPXCR is used to make address/data multiplexed 1/0 interface settings.

Bit Bit Name Initial Value  R/W Description

7 MPXE 0 R/W Address/Data Multiplexed 1/O Interface Enable

These bits select the bus interface for areas 6 and
7.

0: Basic bus interface
1: Address/data multiplexed I/O interface

6to1 — All O R/W Reserved

These bits can be read from or written to.
However, the write value should always be 0.

0 ADDEX 0 R/W Address Output Cycle Extension

Specifies whether a wait cycle is inserted for the
address output cycle of the address/data
multiplexed /O interface.

0: No wait cycle inserted

1: One wait cycle inserted
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DRAM Control Register (DRAMCR)

DRAMCR is used to make DRAM/synchronous DRAM interface settings.

The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424

Initial Value

Description

OE Output Enable
The OE signal used when EDO page mode DRAM

is connected can be output from the (OE) pin. The
OE signal is common to all areas designated as

DRAM space.
When the synchronous DRAM is connected, the

CKE signal can be output from the (OE) pin. The
CKE signal is common to the continuous

synchronous DRAM space.
0: OE/CKE signal output disabled

(OE)/(CKE) pin can be used as /O port
1: OE/CKE signal output enabled

RAS Assertion Timing Select

Selects whether, in DRAM access, the RAS signal
is asserted from the start of the T, cycle (rising
edge of ¢) or from the falling edge of ¢.

Figure 6.4 shows the relationship between the
RAST bit setting and the RAS assertion timing.

The setting of this bit applies to all areas
designated as DRAM space.

0: RAS is asserted from ¢ falling edge in T, cycle
1: RAS is asserted from start of T, cycle

Reserved

This bit can be read from or written to. However,
the write value should always be 0.
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Bit Bit Name Initial Value R/W

Description

12 CAST 0 R/W

Column Address Output Cycle Number Select

Selects whether the column address output cycle
in DRAM access comprises 3 states or 2 states.
The setting of this bit applies to all areas
designated as DRAM space.

0: Column address output cycle comprises
2 states

1: Column address output cycle comprises
3 states

11 — 0 R/W

Reserved

This bit can be read from or written to. However,
the write value should always be 0.
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Bit

Bit Name

Initial Value

R/W

Description

10

RMTS2
RMTSH
RMTSO

0
0
0

R/W
R/W
R/W

DRAM/Continuous Synchronous DRAM Space
Select

These bits designate DRAM/continuous
synchronous DRAM space for areas 2 to 5.

When continuous DRAM space is set, it is
possible to connect large-capacity DRAM
exceeding 2 Mbytes per area. In this case, the
RAS signal is output from the CS2 pin.

When continuous synchronous DRAM space is
set, it is possible to connect large-capacity
synchronous DRAM exceeding 2 Mbytes per area.
In this case, the RAS, CAS, and WE signals are
output from CS2, CS3, and CS4 pins,
respectively. When synchronous DRAM mode is
set, the mode registers of the synchronous DRAM
can be set.

000: Normal space

001: Normal space in areas 3to 5
DRAM space in area 2

010: Normal space in areas 4 and 5
DRAM space in areas 2 and 3

011: DRAM space in areas 210 5

100: Continuous synchronous DRAM space
(setting possible only in H8S/2426R Group)

101: Synchronous DRAM mode setting (setting
possible only in H8S/2426R Group)

110: Setting prohibited
111: Continuous DRAM space in areas 210 5

BE

R/W

Burst Access Enable

Selects enabling or disabling of burst access to
areas designated as DRAM/continuous
synchronous DRAM space. DRAM/continuous
synchronous DRAM space burst access is
performed in fast page mode. When using EDO
page mode DRAM, the OE signal must be
connected.

0: Full access
1: Access in fast page mode
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Bit

Bit Name

Initial Value

R/W

Description

6

RCDM

0

R/W

RAS Down Mode

When access to DRAM space is interrupted by an
access to normal space, an access to an internal
/O register, etc., this bit selects whether the RAS
signal is held low while waiting for the next DRAM
access (RAS down mode), or is driven high again
(RAS up mode). The setting of this bit is valid only
when the BE bit is set to 1.

If this bit is cleared to 0 when set to 1 in the RAS
down state, the RAS down state is cleared at that
point, and RAS goes high.

When continuous synchronous DRAM space is
set, reading from and writing to this bit is enabled.
However, the setting does not affect the operation.

0: RAS up mode selected for DRAM space access

1: RAS down mode selected for DRAM space
access

DDS

R/W

DMAC Single Address Transfer Option

Selects whether full access is always performed or
burst access is enabled when DMAC single
address transfer is performed on the
DRAM/synchronous DRAM.

When the BE bit is cleared to 0 in DRAMCR,
disabling DRAM/synchronous DRAM burst
access, DMAC single address transfer is
performed in full access mode regardless of the
setting of this bit.

This bit has no effect on other bus master external
accesses or DMAC dual address transfers.

0: Full access is always executed
1: Burst access is enabled
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Bit

Bit Name

Initial Value

R/W

Description

4

EDDS

0

R/W

EXDMAC Single Address Transfer Option

Selects whether full access is always performed or
burst access is enabled when EXDMAC single
address transfer is performed on the
DRAM/synchronous DRAM.

When the BE bit is cleared to 0 in DRAMCR,
disabling DRAM/synchronous DRAM burst
access, EXDMAC single address transfer is
performed in full access mode regardless of the
setting of this bit.

This bit has no effect on other bus master external
accesses or EXDMAC dual address transfers.

0: Full access is always executed
1: Burst access is enabled

R/W

Reserved

This bit can be read from or written to. However,
the write value should always be 0.
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Bit Bit Name Initial Value R/W

Description

2 MXC2 0 R/W
MXCH 0 R/W
0 MXCO0 0 R/W

Address Multiplex Select

These bits select the size of the shift toward the
lower half of the row address in row
address/column address multiplexing. In burst
operation on the DRAM/synchronous DRAM
interface, these bits also select the row address
bits to be used for comparison.

When the MXC2 bit is set to 1 while continuous
synchronous DRAM space is set, the address
precharge setting command (Precharge-sel) is
output to the upper column address. For details,
refer to sections 6.7.2 and 6.8.2, Address
Multiplexing.

DRAM interface
000: 8-bit shift
¢ When 8-bit access space is designated:

Row address bits A23 to A8 used for
comparison

o When 16-bit access space is designated:

Row address bits A23 to A9 used for
comparison

001: 9-bit shift
o When 8-bit access space is designated:

Row address bits A23 to A9 used for
comparison

e When 16-bit access space is designated:

Row address bits A23 to A10 used for
comparison

010: 10-bit shift
e When 8-bit access space is designated:

Row address bits A23 to A10 used for
comparison

¢ When 16-bit access space is designated:

Row address bits A23 to A11 used for
comparison
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Bit Bit Name Initial Value  R/W Description
2 MXC2 0 R/W 011: 11-bit shift
MXCA1 0 R/W e When 8-bit access space is designated:
0 MXCO0 0 R/W Row address bits A23 to A11 used for
comparison
When 16-bit access space is designated:
Row address bits A23 to A12 used for
comparison
Synchronous DRAM interface
100: 8-bit shift
o When 8-bit access space is designated:
Row address bits A23 to A8 used for
comparison
o When 16-bit access space is designated:
Row address bits A23 to A9 used for
comparison
The precharge-sel is A15 to A9 of the column
address.
101: 9-bit shift
o When 8-bit access space is designated:
Row address bits A23 to A9 used for
comparison
o When 16-bit access space is designated:
Row address bits A23 to A10 used for
comparison
The precharge-sel is A15 to A10 of the column
address.
110: 10-bit shift
o When 8-bit access space is designated:
Row address bits A23 to A10 used for
comparison
o When 16-bit access space is designated:
Row address bits A23 to A11 used for
comparison
The precharge-sel is A15 to A11 of the column
address.
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Bit Bit Name Initial Value  R/W Description

2 MXC2 0 R/W 111: 11-bit shift
MXCA1 0 R/W o When 8-bit access space is designated:
0 MXCO 0 R/W Row address bits A23 to A11 used for
comparison

e When 16-bit access space is designated:
Row address bits A23 to A12 used for

comparison
The precharge-sel is A15 to A12 of the column
address.
\ \ Bus cycle \ \
Tp T Te1 Te2
0 1 | | L |
Address >< Row address >< Column address ><
RAST=0 RAS | | | | |
RAST=1 RAS | |
UCAS, LCAS

Figure6.4 RAS Signal Assertion Timing
(2-State Column Address Output Cycle, Full Access)
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6.3.10 DRAM AccessControl Register (DRACCR)
DRACCR isused to set the DRAM/synchronous DRAM interface bus specifications.

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.

Bit Bit Name Initial Value  R/W Description
15 DRMI 0 R/W Idle Cycle Insertion

An idle cycle can be inserted after a
DRAM/synchronous DRAM access cycle when a
continuous normal space access cycle follows a
DRAM/synchronous DRAM access cycle. Idle
cycle insertion conditions, setting of number of
states, etc., comply with settings of bits ICIS2,
ICIS1, ICISO, and IDLC in BCR register

0: Idle cycle not inserted

1: Idle cycle inserted
14 — 0 R/W Reserved

This bit can be read from or written to. However,
the write value should always be 0.

13 TPCA 0 R/W Precharge State Control

12 TPCO 0 R/W These bits select the number of states in the RAS
precharge cycle in normal access and refreshing.

00: 1 state

01: 2 states
10: 3 states
11: 4 states

11 SDWCD 0* R/W CAS Latency Control Cycle Disabled during
Continuous Synchronous DRAM Space Write
Access

Disables CAS latency control cycle (Tcl) inserted
by WTCRB (H) settings during synchronous
DRAM write access (see figure 6.5).

0: Enables CAS latency control cycle
1: Disables CAS latency control cycle

Rev. 1.00 Sep. 19, 2008 Page 175 of 1270
RENESAS REJ09B0466-0100



Section 6 Bus Controller (BSC)

Bit Bit Name

Initial Value

R/W

Description

10 —

0

R/W

Reserved

This bit can be read from or written to. However,
the write value should always be 0.

RCD1
RCDO

R/W
R/W

RAS-CAS Wait Control

These bits select a wait cycle to be inserted
between the RAS assert cycle and CAS assert
cycle. A 1- to 4-state wait cycle can be inserted.

00: Wait cycle not inserted

01: 1-state wait cycle inserted
10: 2-state wait cycle inserted
11: 3-state wait cycle inserted

7t04 —

AllO

R/W

Reserved

These bits can be read from or written to.
However, the write value should always be 0.

3 CKSPE*

R/W

Clock Suspend Enable

Enables clock suspend mode for extend read data
during DMAC and EXDMAC single address
transfer with the synchronous DRAM interface.

0: Disables clock suspend mode
1: Enables clock suspend mode

R/W

Reserved

This bit can be read from or written to. However,
the write value should always be 0.

RDXC1*
0 RDXCo0*

R/W
R/W

Read Data Extension Cycle Number Selection

Selects the number of read data extension cycle
(Tsp) insertion state in clock suspend mode.
These bits are valid when the CKSPE bit is set to
1.

00: Inserts 1 state
01: Inserts 2 state
10: Inserts 3 state
11: Inserts 4 state

Note: * Not supported by the H8S/2426 Group and H8S/2424 Group.
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Figure6.5 CASLatency Control Cycle Disable Timing during Continuous Synchronous
DRAM Space Write Access (for CAS Latency 2)
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6.3.11 Refresh Control Register (REFCR)
REFCR specifies DRAM/synchronous DRAM interface refresh control.

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.

Bit Bit Name Initial Value  R/W Description
15 CMF 0 R/(W)*  Compare Match Flag

Status flag that indicates a match between the
values of RTCNT and RTCOR.

[Clearing conditions]

e When 0 is written to CMF after reading CMF =
1 while the RFSHE bit is cleared to 0

¢ When CBR refreshing is executed while the
RFSHE bit is set to 1

[Setting condition]

When RTCOR = RTCNT

14 CMIE 0 R/W Compare Match Interrupt Enable

Enables or disables interrupt requests (CMI) by
the CMF flag when the CMF flag is set to 1.

This bit is valid when refresh control is not
performed. When the refresh control is performed,
this bit is always cleared to 0 and cannot be
modified.

0: Interrupt request by CMF flag disabled
1: Interrupt request by CMF flag enabled
13 RCW1 0 R/W CAS-RAS Wait Control

12 RCWO 0 R/W These bits select the number of wait cycles to be
inserted between the CAS assert cycle and RAS
assert cycle in a DRAM/synchronous DRAM
refresh cycle.

00: Wait state not inserted
01: 1 wait state inserted

10: 2 wait states inserted
11: 3 wait states inserted

Note: * Only 0 can be written, to clear the flag.
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Bit Bit Name Initial Value  R/W Description

11 — 0 R/W Reserved

This bit can be read from or written to. However,
the write value should always be 0.

10 RTCK2 0 R/W Refresh Counter Clock Select
9 RTCK1 0 R/W These bits select the clock to be used to
8 RTCKO 0 R/W increment the refresh counter. When the input

clock is selected with bits RTCK2 to RTCKO, the
refresh counter begins counting up.

000: Count operation halted
001: Count on ¢/2

010: Count on ¢/8

011: Count on ¢/32

100: Count on ¢/128

101: Count on ¢/512

110: Count on ¢/2048

111: Count on ¢/4096

7 RFSHE 0 R/W Refresh Control

Refresh control can be performed. When refresh
control is not performed, the refresh timer can be
used as an interval timer.

0: Refresh control is not performed
1: Refresh control is performed

6 CBRM 0 R/W CBR Refresh Mode

Selects CBR refreshing performed in parallel with
other external accesses, or execution of CBR
refreshing alone.

When the continuous synchronous DRAM space
is set, this bit can be read/written, but the setting
contents do not affect operations.

0: External access during CAS-before-RAS
refreshing is enabled

1: External access during CAS-before-RAS
refreshing is disabled
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Bit Bit Name Initial Value R/W

Description

5 RLW1 0 R/W
4 RLWO 0 R/W

Refresh Cycle Wait Control

These bits select the number of wait states to be
inserted in a DRAM interface CAS-before-RAS
refresh cycle/synchronous DRAM interface auto-
refresh cycle. This setting applies to all areas
designated as DRAM/continuous synchronous
DRAM space.

00: No wait state inserted
01: 1 wait state inserted

10: 2 wait states inserted
11: 3 wait states inserted

3 SLFRF 0 R/W

Self-Refresh Enable

If this bit is set to 1, DRAM/synchronous DRAM
self-refresh mode is selected when a transition is
made to the software standby state. This bit is
valid when the RFSHE bit is set to 1, enabling
refresh operations. It is cleared after recovery from
software standby mode.

0: Self-refreshing is disabled

1: Self-refreshing is enabled

N

TPCS2 0 R/W
TPCSH1 0 R/W
TPCSO 0 R/W

o =

Self-Refresh Precharge Cycle Control

These bits select the number of states in the
precharge cycle immediately after self-refreshing.

The number of states in the precharge cycle
immediately after self-refreshing are added to the
number of states set by bits TPC1 and TPCO in
DRACCR.

000: [TPC set value] states

001: [TPC set value + 1] states
010: [TPC set value + 2] states
011: [TPC set value + 3] states
100: [TPC set value + 4] states
101: [TPC set value + 5] states
110: [TPC set value + 6] states
111: [TPC set value + 7] states
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6.3.12 Refresh Timer Counter (RTCNT)

RTCNT is an 8-hit readable/writable up-counter. RTCNT counts up using the internal clock
selected by bits RTCK2 to RTCKO in REFCR.

When RTCNT matches RTCOR (compare match), the CMF flag in REFCR is set to 1 and
RTCNT iscleared to H'00. If the RFSHE bit in REFCR is set to 1 at thistime, arefresh cycleis
started. If the RFSHE bit is cleared to 0 and the CMIE bit in REFCR is set to 1, a compare match
interrupt (CMI) is generated.

RTCNT isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

6.3.13 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-hit 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
REFCR issetto 1 and RTCNT is cleared to H'00.

RTCOR isinitialized to H'FF by areset and in hardware standby mode. It is not initialized in
software standby mode.
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6.4 Bus Control

6.4.1 AreaDivision

The bus controller divides the 16-Mbyte address space into eight areas, 0 to 7, in 2-Mbyte units,
and performs bus control for external address space in area units. Chip select signals (CSO0 to CS7)
can be output for each area. In normal mode, a part of area 0, 64-K byte address space, is
controlled. Figure 6.6 shows an outline of the memory map.

H'000000
Area 0
(2 Mbytes)
H'1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
(2 Mbytes)
H'SFFFFF
H'600000
Area 3
(2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'OFFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area 7
(2 Mbytes)
___ HFFFFFE

Figure6.6 AreaDivisions
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6.4.2 Bus Specifications

The external address space bus specifications consist of five elements. bus width, number of
access states, number of program wait states, read strobe timing, and chip select (CS) assertion
period extension 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.

(1) BusWidth

A buswidth of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit busis
selected functions as an 8-bit access space, and an area for which a 16-bit busis selected functions
as a 16-bit access space. If al areas are designated as 8-bit access space, 8-bit bus mode is set; if
any areais designated as 16-bit access space, 16-bit bus modeis set.

(2) Number of Access States

Two or three access states can be selected with ASTCR. An areafor which 2-state accessis
selected functions as a 2-state access space, and an area for which 3-state accessis selected
functions as a 3-state access space. With the DRAM or synchronous DRAM interface and burst
ROM interface, the number of access states may be determined without regard to the setting of
ASTCR.

When 2-state access space is designated, wait insertion is disabled. When 3-state access spaceis
designated, it is possible to insert program waits by means of the WTCRA and WTCRB, and
external waits by means of the WAIT pin.

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.

(3) Number of Program Wait States

When 3-state access space is designated by ASTCR, the number of program wait statesto be
inserted automatically is selected with WTCRA and WTCRB. From 0 to 7 program wait states can
be selected. Table 6.2 shows the bus specifications (bus width, and number of access states and
program wait states) for each basic businterface area.
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Table6.2 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR ASTCR WTCRA, WTCRB Bus Specifications (Basic Bus Interface)
Access Program Wait
ABWn ASTn Wn2 Wnl WnO Bus Width  States States
0 0 — — — 16 2 0
1 0 0 0 3 0
1 1
1 0 2
1 3
1 0 0 4
1 5
1 0 6
1 7
1 0 — — — 8 0
1 0 0 0 0
1 1
1 0 2
1 3
1 0 0 4
1 5
1 0 6
1 7
(n=0t07)

(4) Read Strobe Timing

RDNCR can be used to select either of two negation timings (at the end of the read cycle or one
half-state before the end of the read cycle) for the read strobe (RD) used in the basic bus interface
space.

(5) Chip Select (CS) Assertion Period Extension States

Some external 1/0O devices require a setup time and hold time between address and CS signals and
strobe signals such as RD, HWR, and LWR. CSACR can be used to insert states in which only the
CS, AS, and address signals are asserted before and after a basic bus space access cycle.

Rev. 1.00 Sep. 19, 2008 Page 184 of 1270
REJ09B0466-0100 RENESAS



Section 6 Bus Controller (BSC)

6.4.3 Memory Interfaces

The memory interfacesin this LSl comprise a basic bus interface that allows direct connection of
ROM, SRAM, and so on; an address/data multiplexed /O interface that allows direct connection
of peripheral LSIs that require address/data multiplexing, a DRAM interface that allows direct
connection of DRAM; a synchronous DRAM interface that allows direct connection of
synchronous DRAM; and aburst ROM interface that allows direct connection of burst ROM. The
interface can be selected independently for each area.

An areafor which the basic bus interface is designated functions as normal space. An areafor
which the address/data multiplexed I/O interface is designated functions as address/data
multiplexed I/O space, an area for which the DRAM interface is designated functions as DRAM
space, an area for which the synchronous DRAM interface is designated functions as continuous
synchronous DRAM space, and an area for which the burst ROM interface is designated functions
as burst ROM space.

Theinitial state of each areais basic bus interface, 3-state access space. Theinitial buswidthis
selected according to the operating mode.

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.

(1) AreaO

Area0 includes on-chip ROM in expanded mode with on-chip ROM enabled and the space
excluding on-chip ROM is external address space, and in expanded mode with on-chip ROM
disabled, all of area 0 is external address space.

When area 0 external space is accessed, the CS0 signal can be output.

Either the basic bus interface or burst ROM interface can be selected for the memory interface of
area 0.

(2) Areal
In externally expanded mode, all of area 1 is external address space.
When area 1 external address space is accessed, the CS1 signal can be output.

Either the basic bus interface or burst ROM interface can be selected for the memory interface of
areal.
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(3) Areas2tob
In externally expanded mode, areas 2 to 5 are al external address space.
When area 2 to 5 external space is accessed, signals CS2 to CS5 can be output.

The basic businterface, DRAM interface, or synchronous DRAM interface can be selected for the
memory interface of areas 2 to 5. With the DRAM interface, signals CS2 and CS5 are used as
RAS signals.

If areas 2 to 5 are designated as continuous DRAM space, large-capacity (e.g. 64-Mbit) DRAM
can be connected. In this case, the CS2 signd is used as the RAS signal for the continuous DRAM
space.

If areas 2 to 5 are designated as continuous synchronous DRAM space, large-capacity (e.g. 64-
Mbit) synchronous DRAM can be connected. In this case, the CS2, CS3, CS4, and CS5 pinsare
used asthe RAS, CAS, WE, and CLK signals for the continuous synchronous DRAM space. The
OE pin is used as the CKE signal.

4) Areab
In externally expanded mode, all of area 6 is external space.
When area 6 external space is accessed, the CS6 signal can be output.

Either the basic bus interface or address/data multiplexed 1/0 interface can be used for the
memory interface of area 6.

(5) Area?

Area 7 includes the on-chip RAM and internal/O registers. In externally expanded mode, the space
excluding the on-chip RAM and internal 1/O registersis external address space. The on-chip RAM
is enabled when the RAME bit is set to 1 in the system control register (SY SCR); when the

RAME hit is cleared to 0, the on-chip RAM is disabled and the corresponding addresses are in
external address space.

When area 7 external address space is accessed, the CS7 signal can be output.

Either the basic bus interface or address/data multiplexed 1/0 interface can be used for the
memory interface of area 7.
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6.4.4 Chip Select Signals

ThisLSI can output chip select signals (CS0 to CS7) for areas 0 to 7. The signal outputs low when
the corresponding external space areais accessed. Figure 6.7 shows an example of CS0 to CS7
signals output timing.

Enabling or disabling of CSO to CS7 signals output is set by the data direction register (DDR) bit
for the port corresponding to the CS0 to CS7 pins.

In expanded mode with on-chip ROM disabled, the CSO pin is placed in the output state after a
reset. Pins CS1 to CS7 are placed in the input state after areset and so the corresponding DDR bits
and PFCRO bits should be set to 1 when outputting signals CS1 to CS7.

In expanded mode with on-chip ROM enabled, pins CSO to CS7 are all placed in the input state
after areset and so the corresponding DDR bits and PFCRO bits should be set to 1 when
outputting signals CS0 to CS7.

When areas 2 to 5 are designated as DRAM space, outputs CS2 to CS5 are used as RAS signals.

When areas 2 to 5 are designated as continuous synchronous DRAM space in the H8S/2426R
Group, outputs CS2, CS3, CS4, and CS5 are used asRAS, CAS, WE, and CLK signals.

Note: The A23E bit in PFCR1 should be cleared to 0 when CS7 signal is output in the H8S/2424

Group.
'« Buscyde |
Ty Tz T3
0 L L]
Address bus X Area n external address X
CSn

Figure6.7 CSn Signal Output Timing (n=0t07)
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6.5 Basic BusInterface

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

6.5.1 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 address space, controls
whether the upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

(1) 8-Bit Access Space

Figure 6.8 illustrates data alignment control for the 8-bit access space. With the 8-bit access space,
the upper data bus (D15 to D8) is always used for accesses. The amount of data that can be
accessed at onetime is one byte: aword accessis performed as two byte accesses, and alongword
access, as four byte accesses.

Upper data bus Lower data bus
D15 b8b7 ... Do

Byte size | : : : : : : : |

fstbuscycle [ ]
Word size T T T

| 2nd bus cycle | R |

fstbuscydle [, |
Longword 2nd bus cycle L]
size 3rd bus cycle | : : : : : : : |

_4thbuscycle [ [ [ ]

Figure6.8 Access Sizesand Data Alignment Control (8-Bit Access Space)
(2) 16-Bit Access Space

Figure 6.9 illustrates data alignment control for the 16-bit access space. With the 16-bit access
space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are used for accesses. The
amount of data that can be accessed at one time is one byte or one word, and alongword accessis
executed as two word accesses.
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In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd

address.
Upper data bus Lower data bus
ID15 D8|D7 DOI
Byte size  * Even address [T T
Byte size  * Odd address [ T
Word size B .
Longword | 1stbuscycle [ | @ 0 [ . . |
size 2ndbuscycle [ . 0 [0 ]
Figure6.9 Access Sizesand Data Alignment Control (16-Bit Access Space)
6.5.2 Valid Strobes

Table 6.3 shows the data buses used and valid strobes for the access spaces.

Inaread, the RD signal isvalid for both the upper and the lower half of the data bus. In awrite,
the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the lower half.

Table6.3 DataBusesUsed and Valid Strobes
Access Read/ Valid Upper Data Bus Lower Data
Area Size Write Address Strobe (D15 to D8) Bus (D7 to DO)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-bit access  Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-Z Valid
Word  Read — RD Valid Valid
Write — — HWR,LWR Valid Valid
Note: Hi-Z: High-impedance state

Invalid: Input state; input value is ignored.
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6.5.3 Basic Timing
(1) 8-Bit, 2-State Access Space

Figure 6.10 shows the bus timing for an 8-bit, 2-state access space. When an 8-bit access spaceis
accessed, the upper half (D15 to D8) of the data bus isused. The LWR pinis always fixed high.
Wait states can be inserted.

@«— Buscycle ————— »!

CSn

Address bus B 3

|

Read D15 to D8 3

D7 to DO : { Invalid |}—

I
:
X0

LWR 1 High 1

Write | 1 !

D15 to D8 ~—< . Valid >7

High impedance !

D7 to DO

Notes: 1. n=0to7
2. When RDNn =0

Figure6.10 BusTimingfor 8-Bit, 2-State Access Space
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(2) 8-Bit, 3-State Access Space

Figure 6.11 shows the bus timing for an 8-bit, 3-state access space. When an 8-bit access spaceis
accessed, the upper half (D15 to D8) of the data bus is used. The LWR pinis always fixed high.
Wait states can be inserted.

. Bus cycle !
| Ty : T ! Ts |
¢ [
Address bus B : ; B
CSn 3 !
AS i 1 1 1
FD 1 1 1
Read { D15to D8 ; | { Valid |}—
D7 to DO } 3 { Invalid |}—
AWR | | |
LWR | . Hih | |
Write 1 1 : 1
D15 to D8 ~—< } Valid >7
3 : High impedance ; :
D7 to DO : B ‘ ‘

Notes: 1. n=0to7
2. When RDNn =0

Figure6.11 BusTimingfor 8-Bit, 3-State Access Space

Rev. 1.00 Sep. 19, 2008 Page 191 of 1270
RENESAS REJ09B0466-0100




Section 6 Bus Controller (BSC)

(3) 16-Bit, 2-State Access Space

Figures 6.12 to 6.14 show bus timings for a 16-hit, 2-state access space. When a 16-bit access
space is accessed, the upper half (D15 to D8) of the data bus is used for even addresses, and the
lower half (D7 to DO) for odd addresses. Wait states cannot be inserted.

- Buscycle

Address bus | :

CSn

Read D15to D8

D7 to DO

‘ Invalid

Write

D15 to D8 Valid

T ‘ng}jfﬁj *

High impedance
D7 to DO 9 P

T

Notes: 1. n=0to7
2. When RDNn =0

Figure6.12 BusTimingfor 16-Bit, 2-State Access Space (Even Address Byte Access)
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Ty

Address bus

D15 to D8

D7 to DO

HWR

D15 to D8

D7 to DO

Read

Write

n=0to7

Notes: 1.

=0

2. When RDNn

Figure6.13 BusTiming for 16-Bit, 2-State Access Space

(Odd Address Byte Access)
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Address bus

) e
s =
> >
je) e
G S
> >
] o 8 o
g 9 -
el o e
) _D L ~ 7W 7W ot ~
< o o) a T 3 a a
e] [0]
® £
o =

n=0to7

Notes: 1.

=0

2. When RDNn

Figure6.14 BusTiming for 16-Bit, 2-State Access Space

(Word Access)
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(4) 16-Bit, 3-State Access Space

Figures 6.15 to 6.17 show bus timings for a 16-hit, 3-state access space. When a 16-bit access
space is accessed, the upper half (D15 to D8) of the data bus is used for even addresses, and the
lower half (D7 to DO) for odd addresses. Wait states can be inserted.

- Bus cycle -

Read D15to D8

D7 to DO

WR | ‘ High

D15 to D8 4—<

D7 to DO

Write

High impedance

Notes: 1. n=0to7
2. When RDNn =0

Figure6.15 BusTiming for 16-Bit, 3-State Access Space
(Even Address Byte Access)
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T3

Bus cycle
Ty

Address bus i\

m je)
T
Z >
g 2
©
3 >
[0
Ny Q
= £
T Ny
=)
T
a o 3 o
e 2 e =
o 2 < o 2
~— N~ = = ~
a a T a a
T o
o) =
o =

n=0to7

Notes: 1.

=0

2. When RDNn

Figure6.16 BusTiming for 16-Bit, 3-State Access Space

(Odd Address Byte Access)
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Ts

Bus cycle
T2

o je
© ©
> >
= o
®© ©
> >
2]
2
2 % o m o
% o a ] a
o = o o he = o
c L L
3 78 @ [= © ~ 7W 7W © ~
< O <C o [m] a I a o [m)
° o)
9 b=
4 =

n=0to7

Notes: 1.

=0

2. When RDNn

Figure6.17 BusTimingfor 16-Bit, 3-State Access Space

(Word Access)
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6.5.4 Wait Control

When accessing external space, this LS| 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.

(1) Program Wait Insertion

From 0 to 7 wait states can be inserted automatically between the T, state and T, state on an
individual areabasis in 3-state access space, according to the settingsin WTCRA and WTCRB.

(2) Pin Wait Insertion

Setting the WAITE bit to 1 in BCR enables wait input by means of the WAIT pin. When external
spaceis accessed in this state, a program wait is first inserted in accordance with the settingsin
WTCRA and WTCRB. If the WAIT pinislow at thefalling edge of ¢ inthelast T, or T state,
another T, stateisinserted. If the WAIT pinisheld low, T, states are inserted until it goes high.
Thisisuseful when inserting seven or more T, states, or when changing the number of T, states to
be inserted for different external devices. The WAITE bit setting appliesto all areas. Figure 6.18
shows an example of wait state insertion timing.

The settings after areset are: 3-state access, insertion of 7 program wait states, and WAIT input
disabled.
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By program wait

T4 To

Tw

By WAIT pin

Tw

Tw

WAIT

Address bus :><

AS

-

Read

Data bus

{ Readdata |-

Write

Data bus 4<

Write data

>_

Notes: 1. Downward arrows indicate the timing of WAIT pin sampling.

2. When RDNn =0

Figure6.18 Example of Wait State Insertion Timing

655  Read Strobe (RD) Timing

The read strobe (RD) timing can be changed for individual areas by setting bits RDN7 to RDNO to
1in RDNCR. Figure 6.19 shows an example of the timing when the read strobe timing is changed

in basic bus 3-state access space.

When the DMAC or EXDMAC is used in single address mode, note that if the RD timing is
changed by setting RDNn to 1, the RD timing will change relative to the rise of DACK or

EDACK.

RENESAS
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Bus cycle

si:
o
T
~N
T
=
A
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>

° %) %)

7} ] =] |
3 o o i)
S c S fo o<
° 9] _S _D © @) © < |0
< (@) < o [a)] o [m) QO

RDNn =0
RDNn =1

Figure6.19 Example of Read Strobe Timing
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6.5.6  Extension of Chip Select (CS) Assertion Period

Some external /0 devices require a setup time and hold time between address and CS signals and
strobe signals such as RD, HWR, and LWR. Settings can be made in the CSACR register to insert
statesin which only the CS, AS, and address signals are asserted before and after a basic bus space
access cycle. Extension of the CS assertion period can be set for individual areas. With the CS
assertion extension period in write access, the data setup and hold times are less stringent since the
write datais output to the data bus.

Figure 6.20 shows an example of the timing when the CS assertion period is extended in basic bus
3-state access space.

Bus cycle

T

To T3

¢ o
Address bus:><

Read RD ‘ ‘
(when : 1
RDNn = 0) 3 ‘
Data bus ; ; Read data
HWR, LWR | T
Write i ! ! 3
Data bus <—< Write data

Figure6.20 Example of Timing when Chip Select Assertion Period I's Extended
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Both extension state T, inserted before the basic bus cycle and extension state T, inserted after the
basic bus cycle, or only one of these, can be specified for individual areas. Insertion or non-
insertion can be specified for the T, state with the upper 8 bits (CSXH7 to CSXHO) in the CSACR
register, and for the T, state with the lower 8 bits (CSXT7 to CSXTO).

6.6 Address/Data Multiplexed 1/0 Interface

If areas 6 and 7 of the external address space are specified as address/data multiplexed 1/0O space
inthisLSl, the address/data multiplexed 1/O interfacing can be performed. In the address/data
multiplexed I/O interface, peripheral LSIs that require address/data multiplexing can be connected
directly to thisLSl.

6.6.1 Setting Address/Data M ultiplexed 1/0 Space

In the address/data multiplexed I/O interface, areas 6 and 7 are designated as the address/data
multiplexed /O space by setting the MPXE bit in MPXCR to 1.

6.6.2 Address/Data Multiplexing

With the address/data multiplexed 1/0O space, the data bus and address bus are multiplexed. Table
6.4 shows the relation between the bus width and corresponding address outpuit.

Table6.4 Multiplexed Address/Data

Data Pins
Bus

Width Cycle PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO

8 bits Address A7 A6 A5 A4 A3 A2 A1 A0 — — — — — — — —

Data D15 D14 D13 D12 D11 DO D9 D8 — — — — — — — —

16 bits Address A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

Data D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
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6.6.3 Data Bus

The bus width of the address/data multiplexed 1/0O space can be specified for either 8-hit access
space or 16-hit access space by the ABW7 and ABW6 bitsin ABWCRA. For the 8-bit access
space, D15 to D8 are valid for both address and data. For the 16-bit access space, D15 to DO are
valid for both address and data. If the address/data multiplexed 1/0 space is accessed, the
corresponding address will be output to the address bus. For details on access size and data
alignment, see section 6.5.1, Data Size and Data Alignment.

6.6.4 AddressHold Signal

In the address/data multiplexed 1/0 space, ahold signal (AH) that indicates the timing for latching
the address is output. The AH output pin is multiplexed with the AS output pin. When the external
address space is specified as the address/data multiplexed 1/0 space, the multiplexed pin functions
asthe AH output pin. Note however that the multiplexed pin will function as the AS output pin
until the address/data multiplexed 1/O space is specified.

6.6.5 Basic Timing

The bus cycle in the address/data multiplexed /O interface consists of an address cycle and adata
cycle. The data cycleis based on the basic bus interface timing specified by ABWCR, ASTCR,
WTCRAH, RDNCR, and CSACR.
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(1) 8-Bit, 2-State Data Access Space

Figure 6.21 shows the bus timing for an 8-bit, 2-state data access space. When an 8-bit access
space is accessed, the upper halves (D15 to D8) of both the address bus and data bus are used.
Wait states cannot be inserted in the data cycle.

Address cycle Data cycle
Tmal i Tma2 i  T1

o ML L

|_
Read < - \ -
\ h |

Write <

D15 to D§ — Write data
- '

Notes: 1. n=86,7
2. When RDNn =0

Figure6.21 BusTimingfor 8-Bit, 2-State Data Access Space
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(2) 8-Bit, 3-State Data Access Space

Figure 6.22 shows the bus timing for an 8-bit, 3-state data access space. When an 8-bit access
space is accessed, the upper halves (D15 to D8) of both the address bus and data bus are used.
Wait states can be inserted in the data cycle.

E Address cycle : Data cycle '
L Tmat | Tma2 | T1 ' T2 ' T3 '
o 4 4 1 1 L1 LT L
Address bus ><
osi | s s s s T
A ] : : ! ——
I.

J RD | ! : | : :
Read : i " : ;

osvmn ——( o y——————(W
. 1 - H H

Write < 5 E : 5 5

D15to D8 — Write data
- : . : .

5

:
T]

Notes: 1. n=6,7
2. When RDNn =0

Figure6.22 BusTimingfor 8-Bit, 3-State Data Access Space

Rev. 1.00 Sep. 19, 2008 Page 205 of 1270
RENESAS REJ09B0466-0100




Section 6 Bus Controller (BSC)

(3) 16-Bit, 2-State Data Access Space

Figures 6.23 to 6.25 show bus timings for a 16-hit, 2-state data access space. When a 16-bit access
space is accessed, the entire address bus (D15 to DO) is used for all addresses, and the upper half
(D15 to D8) of the data busis used for even addresses and the lower half (D7 to DO) of the data
busis used for odd addresses. Wait states cannot be inserted in the data cycle.

Address cycle Data cycle

Tma1ETma25 T ! T2
L [ 1 |

Address bus ><

—

(@]
&
11

[ RD : : | :
: . Read
Read < D15 to D8 : Address ; data
~ ! ! !

~
I‘
By

[WR — : : :

Write !

L :—@ E

Notes: 1. n=6,7
2. When RDNn =0

Figure6.23 BusTimingfor 16-Bit, 2-State Data Access Space (Even Address Byte Access)
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Read <

Write <

Address cycle Data cycle
L Tmal i Tma2 | T L T2
o LI 1T 1. o1 1L
Address bus X ><
csn | i i i |
L . e e —
RO : L |
D7to D0 —! Read
AWR — : : : :
o — z —
1. n=6,7

Notes:

2. When RDNn =0

Figure6.24 BusTimingfor 16-Bit, 2-State Data Access Space
(Odd Address Byte Access)
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Address cycle Data cycle
Tmal | Tma2 ! T1 T2
0 L 1 LI [ L

Address bus

|

(@]
g
N

UCE R

RD ! L
E ' Read
D7to DO — ; Read
- AWR — : —1
WR — 5 —L
Write I I
< D15 to D8 : Write data
D7 to DO Write data
N '

Notes: 1. n=6,7
2. When RDNn =0

Figure6.25 BusTimingfor 16-Bit, 2-State Data Access Space
(Word Access)
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(4) 16-Bit, 3-State Data Access Space

Figures 6.26 to 6.28 show bus timings for a 16-hit, 3-state data access space. When a 16-bit access
space is accessed, the entire address bus (D15 to DO) is used for all addresses, and the upper half
(D15 to D8) of the data busis used for even addresses and the lower half (D7 to DO) of the data
bus is used for odd addresses. Wait states can be inserted in the data cycle.

Address cycle Data cycle
Tmal _\_ Tma2 ' T1 i\ T2 _' T3
o _| I I [ | I | I I L

Address bus

o1
w1

|
i

e RD — Z —1 E

: : Read \ !

Read { D15t0D8 — Address : data /]

D7 to DO - Address . L

~ ' : . ' ' '
I m—— o

[WR — : : : : :

Write I \ I : \
< D15 to D8 ; Write data >—

Notes: 1. n=6,7
2. When RDNn =1

Figure6.26 BusTimingfor 16-Bit, 3-State Data Access Space
(Even Address Byte Access)
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Data cycle

Address bus

Address
Address

D15 to D8

D15 to D8

Write data

Address

D7 to DO

Read <

Write <

1. n=6,7

Notes:

2. When RDNn =1

Figure6.27 BusTimingfor 16-Bit, 3-State Data Access Space

(Odd Address Byte Access)
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Data cycle

1
Bl |RS
[ O @© O @©
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2 I I N NN AU R (N (R N s 3.
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£ =
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N I N U N N I N R .
n 1) [} )]
— 2 g 3 4
1 1
kel he} o ©
o he] © ©
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ﬁl—}_l .....................................................
[ee] o [ce} o
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< 3 % ,A _R o o = 7W o o
2 2 B 25
3 o a
1
©
©
< N AN \
g ~"
3 2
o =

1. n=6,7

Notes:

2. When RDNn = 1

Figure6.28 BusTimingfor 16-Bit, 3-State Data Access Space

(Word Access)

Rev. 1.00 Sep. 19, 2008 Page 211 of 1270

REJ09B0466-0100

RENESAS



Section 6 Bus Controller (BSC)

6.6.6 Wait Control
(1) AddressCycle

A single address wait cycle Tmaw can be inserted between Tmal and Tma2 cycles by setting the
ADDEX hit in MPXCR to 1. Figure 6.29 shows the access timing when the address cycle is three
cycles.

' Address cycle ' Data cycle '
\ Tmal | Tmaw | Tma2 : T1 : T2
o [ LI LI LT 1_[ 1 L
Addressbus i X X
csn | 5 E : |
AH E ' : : —
( RD 5 i 1 —
Read { Distops ——— | Addrbss —( Reed
D7 to DO ——< : Address > : :
- ! ' J . : !
r . — : : : 5 :
HWR : : ) RS
[WR — : : i 5 i
Write < ' I I \ I . \
D7 to DO —< Address N
. : : : / - -

Notes: 1. n=6,7
2. When RDNn =0

Figure6.29 Example of Access Timing with Address Wait
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(2) DataCycle

In the data cycle, program wait insertion and pin wait insertion by the WAIT pin are enabled in the
sameway asin the basic bus interface. For details, refer to section 6.5.4, Wait Control. Wait
control settings do not affect the address cycles.

6.6.7 Read Strobe (RD) Timing

In the address/data multiplexed /O interface, the read strobe timing of data cycles can be modified
in the same way asin the basic bus interface. For details, refer to section 6.5.5, Read Strobe (RD)
Timing. Figure 6.30 shows an example when the read strobe timing is modified.

: Address cycle Data cycle :
'\ Tmat | Tma2 L 0TI T2 |
o | L1 L1 | L1 L
Address bus ><
csn | : ; : |
AH T |' Z : —

RDNn=0 < ' : :
: i Read
N\ P1otob8 @ ; data

ﬁ |__|_—

RDNn=1 < . \ ' .
| - ' .Read |
L D15 to D8 ! Address : data :

Note: n=6,7

Figure6.30 Example of Read Strobe Timing
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6.6.8 Extension of Chip Select (CS) Assertion Period in Data Cycle

In the address/data multiplexed 1/O interface, extension cycles can be inserted before and after the
data cycle. For details, see section 6.5.6, Extension of Chip Select (CS) Assertion Period. Figure
6.31 shows an example of the timing when the chip select assertion period is extended in the data
cycle.

Address cycle Data cycle

Tma1 E Tma2

-
Addross bus, :>< | | | | )(
— : : |

T T2

CSn

: b ; . Read

D7to D0 — Address ! ; { Read \
N : : ;

KW':::IQI
WA — 5 : —1

Write ' I ) ! I !
< D15 to D8 0 ] Write data | >—

Figure6.31 Example of Timing when Chip Select Assertion Period I's Extended
in Data Cycle
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When consecutively reading from the same area connected to a peripheral LS|l whose output
floating time is long, data outputs from the peripheral LSI may conflict with address outputs from
this LSI. The data conflict can be avoided by inserting the CS assertion period extension cycle
after the access cycle. Figure 6.32 shows an example of the operation. In the figure, both bus
cycles A and B are read access cycles to the same areawhich is address/data multiplexed 1/0
space. (a) shows an example of conflict occurring between data outputs from the peripheral LS
whose output floating time is long and address outputs from this LS| because the CS assertion
period extension cycle is not inserted. (b) shows an example of the data conflict being avoided by
inserting the CS assertion period extension cycle.

, Bus cycle A ) Bus cycle B , , Bus cycle A \ Bus cycle B
1 1 1 1 1 1
1 1 1 1 1

o LMo ¢ Lo

1 1 1 1
Address bus __X b X Address bus X b { Y
= T 1 = T T
— 1 — 1
s - [i cs . —
1 1 1 1 ] I
MR [ [ R 1 |
1 Il
RD f RD " .
: I py I : L LI
1 1 N 1 1 1 1
1 1 1 1
Data bus = )—( ! N H ! )' Data bus * H )_:_( H )_:_
1 1 ' 1 1 1 !
:‘_’: Data conflict :
Output floating
time is long
(a) Without CS assertion period extension cycle (b) With CS assertion period extension cycle
(CSXTn = 0) (CSXTn =1)

Figure6.32 Consecutive Read Accessesto Same Area
(Address/Data Multiplexed 1/0 Space)
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6.7 DRAM Interface

Inthis LSI, external space areas 2 to 5 can be designated as DRAM space, and DRAM interfacing
performed. The DRAM interface allows DRAM to be directly connected to thisLSI. A DRAM
space of 2, 4, or 8 Mbytes can be set by means of bits RMTS2 to RMTS0 in DRAMCR. Burst
operation is aso possible, using fast page mode.

6.7.1 Setting DRAM Space

Areas 2 to 5 are designated as DRAM space by setting bits RMTS2 to RMTS0 in DRAMCR. 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), four areas (areas 2
to 5), and continuous area (areas 2 to 5).

Table6.5 Relation between Settings of BitsRMTS2 to RM TS0 and DRAM Space

RMTS2 RMTS1 RMTSO  Area5 Area 4 Area 3 Area 2
0 0 1 Normal space Normal space Normal space DRAM space
1 0 Normal space Normal space DRAM space DRAM space
1 DRAM space DRAM space DRAM space DRAM space
1 0 0 Continuous synchronous DRAM space*
1 Mode register settings of synchronous DRAM*
1 0 Reserved (setting prohibited)
1 Continuous Continuous Continuous Continuous

DRAM space DRAM space DRAM space DRAM space

Note: * Reserved (setting prohibited) in the H8S/2426 Group and H8S/2424 Group.

With continuous DRAM space, RAS?2 isvalid. The bus specifications (bus width, number of wait
states, etc.) for continuous DRAM space conform to the settings for area 2.

6.7.2 Address Multiplexing

With DRAM space, the row address and column address are multiplexed. In address multiplexing,
the size of the shift of the row addressis selected with bits MXC2 to MXCO in DRAMCR. Table
6.6 shows the relation between the settings of MXC2 to MXCO0 and the shift size.

The MXC2 bit should be cleared to 0 when the DRAM interface is used.
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Table6.6 Relation between Settings of BitsMXC2 to MXCO0 and Address Multiplexing

DRAMCR Address Pins
A23
Shift to
MXC2 [MXC1l [MXCO |Size A16 |A15|A14 |A13 |A12 |A11 |A10|A9 |A8 |A7 |A6 |A5 |A4 |A3 |A2 |A1l |AO
Row 0 0 0 8 bits | A23 [ A23 | A22 | A21 | A20 [A19 [A18 | A17 |A16 | A15 | A14 | A13 | A12| A11 [A10| A9 | A8
address to
Al16
1 9bits | A23|A15|A23 | A22 | A21 | A20 | A19| A18 | A17|A16 | A15|A14 | A13| A12| A11|A10| A9
to
A16
1 0 10 bits | A23 | A15 [ A14 | A23 | A22 | A21 | A20 [ A19 | A18 | A17 | A16 [ A15 | A14 | A13 | A12 | A11 [ A10
to
A16
1 11 bits | A23 | A15 | A14 | A13 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 [ A13 | A12 | A1
to
A16
1 x x Reserved (setting prohibited)
Column 0 x x A23 [A15[A14 |A13 [A12[A11 [A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 [ A1 | AD
address to
A16
1 x x Reserved (setting prohibited)
Legend:
x: Don’t care.

6.7.3 Data Bus

If abitin ABWCR corresponding to an area designated as DRAM space is set to 1, that areaiis
designated as 8-bit DRAM space; if the hit is cleared to O, 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, D15 to D8, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D15 to DO, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 6.5.1, Data
Size and Data Alignment.
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6.7.4 Pins Used for DRAM Interface

Table 6.7 shows the pins used for DRAM interfacing and their functions. Since the CS2 to CS5
pins arein theinput state after areset, set the corresponding DDR to 1 when RAS2 to RAS5
signals are output.

Table6.7 DRAM Interface Pins

With DRAM
Pin Setting Name I/O Function
HWR WE Write enable Output  Write enable for DRAM space
access
CSs2 RAS2/RAS  Row address strobe 2/ Output  Row address strobe when area
row address strobe 2 is designated as DRAM space
or row address strobe when
areas 2 to 5 are designated as
continuous 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
UCAS UCAS Upper column address  Output  Upper column address strobe for
strobe 16-bit DRAM space access or
column address strobe for 8-bit
DRAM space access
LCAS LCAS Lower column address  Output  Lower column address strobe
strobe signal for 16-bit DRAM space
access
RD, OE OE Output enable Output  Output enable signal for DRAM
space access
WAIT WAIT Wait Input Wait request signal
A15t0 AO A15t0 A0 Address pins Output  Row address/column address
multiplexed output
D15to DO  D15to DO Data pins /0 Data input/output pins
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6.7.5

Basic Timing

Figure 6.33 shows the basic access timing for DRAM space.

The four states of the basic timing consist of one T (precharge cycle) state, one T, (row address
output cycle) state, and the T, and two T, (column address output cycle) states.

Read

Write

Note:

—_— /S

0

Address bus |

RASH (CSn)
UCAS, LCAS

HWR

5
m

||
U|
~

Data bus

n=2to5

i Tp i Tr i Ter i Te2 i
] I O I
Row éddress >< Colum:n address ><
L T
—
| | Hi o -
1 1 e ‘

Figure6.33 DRAM

Basic Access Timing (RAST =0, CAST =0)
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When DRAM space is accessed, the RD signal is output as the OE signal for DRAM. When
connecting DRAM provided with an EDO page mode, the OE signal should be connected to the
(OE) pin of the DRAM. Setting the OEE bit to 1 in DRAMCR enables the OE signal for DRAM
space to be output from a dedicated OE pin. In this case, the OE signal for DRAM space is output
from both the RD pin and the (OE) pin, but in external read cycles for other than DRAM space,
the signal is output only from the RD pin.
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6.7.6 Column Address Output Cycle Control

The column address output cycle can be changed from 2 states to 3 states by setting the CAST bit
to 1in DRAMCR. Use the setting that gives the optimum specification values (CAS pulse width,
etc.) according to the DRAM connected and the operating frequency of thisLSl. Figure 6.34
shows an example of the timing when a 3-state column address output cycle is selected.

o

Address bus i)( Row address ><

RASnh (CSn)

UCAS, LCAS

WE (HWR)

D

R
i

Read

-

Data bus

WE (HWR)

Write

A
m
B

Data bus

Note: n=2to5

Figure6.34 Example of Access Timing with 3-State Column Address Output Cycle
(RAST =0)

Rev. 1.00 Sep. 19, 2008 Page 221 of 1270
RENESAS REJ09B0466-0100




Section 6 Bus Controller (BSC)

6.7.7 Row Address Output State Control

If the RAST bit is set to 1 in DRAMCR, the RAS signal goes low from the beginning of the T,
state, and the row address hold time and DRAM read access time are changed relative to the fall of
the RAS signal. Use the optimum setting according to the DRAM connected and the operating
frequency of this LSI. Figure 6.35 shows an example of the timing when the RAS signal goes low
from the beginning of the T, state.

Tp T, Teq Te2
¢ N | | |
Address bus i} Row address ‘>< Column address ><
RASn (CSn) ! 3 1
UCAS, [CAS |
WE (HWR) ! | . High | |
Read 1 OE (RD)
Data bus { —
WE (HWR) | | i 1
Wite | OE(RD) | Hih ?
Data bus < >—

Note: n=2to5

Figure6.35 Example of Access Timing when RAS Signal Goes L ow from Beginning
of T, State (CAST =0)
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If arow address hold time or read access time is necessary, making a setting in bits RCD1 and
RCDO in DRACCR dlowsfrom oneto three T, states, in which row address output is maintained,
to be inserted between the T, cycle, in which the RAS signal goes low, and the T_, cycle, in which
the column address is output. Use the setting that gives the optimum row address signal hold time
relative to the falling edge of the RAS signal according to the DRAM connected and the operating
frequency of this LSI. Figure 6.36 shows an example of the timing when one T, state is set.

| To | T, | Tow | Te | Teo |
o E | | | |
Address bus B Row addressi >< Column‘address ><
RASN (CSn) :
UCAS, LCAS
WE (HWR) High |
Read | OE (RD)

Data bus i
WE (HWR) 3 3
Write 4 OE (RD) High | |
Data bus < ‘ ‘>—

Note: n=2to5

Figure6.36 Example of Timing with One Row Address Output Maintenance State
(RAST =0, CAST =0)
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6.7.8 Precharge State Control

When DRAM is accessed, aRAS precharge time must be secured. With thisLSI, one T, state is
aways inserted when DRAM space is accessed. From one to four T, states can be selected by
setting bits TPC1 and TPCO in DRACCR. Set the optimum number of T  cycles according to the
DRAM connected and the operating frequency of this LSI. Figure 6.37 shows the timing when
two T, states are inserted. The setting of bits TPC1 and TPCO isalso valid for T statesin refresh
cycles.

3 Tp1 3 Tp2 3 Tr 3 Tc1 3 TcZ 3

¢ 1 | | |

Address bus EX 3 Row addressi >< Columﬁ address 0<

RASn (CSn) | | i | | |

UCAS, [CAS | ! i i

WE (HWR) ‘ ‘ ‘ High ‘ ‘ ‘
Read ¢ OE (RD) } }

Data bus : : : : : { | )—

WE (HWR) : : : | \__I__
Write 9 OE (RD) | : . High | : :

Data bus : : : : < 3 3)—

Note: n=2to5

Figure6.37 Example of Timing with Two-State Precharge Cycle
(RAST =0,CAST =0)
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6.7.9 Wait Control

There are two ways of inserting wait statesin a DRAM access cycle: program wait insertion and
pin wait insertion using the WAIT pin.

Wait states are inserted to extend the CAS assertion period in aread access to DRAM space, and
to extend the write data setup time relative to the falling edge of CAS in awrite access.

(1) Program Wait Insertion

When the bit in ASTCR corresponding to an area designated as DRAM space is set to 1, from 0 to
7 wait states can be inserted automatically between the T, state and T, state, according to the
settingsin WTCR.

(2) PinWait Insertion

When the WAITE hit in BCR is set to 1 and the ASTCR hit is set to 1, wait input by means of the
WAIT pin is enabled. When DRAM space is accessed in this state, a program wait (T, ) isfirst
inserted. If the WAIT pinislow at thefalling edge of ¢ inthelast T or T, state, another T, state
isinserted. If the WAIT pinis held low, T, states are inserted until it goes high.

Figures 6.38 and 6.39 show examples of wait cycle insertion timing in the case of 2-state and 3-
state column address output cycles.

Rev. 1.00 Sep. 19, 2008 Page 225 of 1270
RENESAS REJ09B0466-0100



Section 6 Bus Controller (BSC)

By WAIT pin

By program wait

Address bus

N
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Note: Downward arrows indicate the timing of WAIT pin sampling.

n=2to5

Figure6.38 Example of Wait State Insertion Timing

(2-State Column Address Output)
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By WAIT pin

By program wait
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Note: Downward arrows indicate the timing of WAIT pin sampling.

n=2to5

Figure6.39 Example of Wait State Insertion Timing

(3-State Column Address Output)
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6.7.10 Byte Access Control

When DRAM with a x16-bit configuration is connected, the 2-CAS access method is used for the
control signals needed for byte access. Figure 6.40 shows the control timing for 2-CAS access,
and figure 6.41 shows an example of 2-CAS DRAM connection.

A

Upper data bus

Write data >—

High-Zz

Lower data bus

- o T T T
¢ N | |
Address bus ‘)( Row address >< Column address ><
RASH(CSh) L i
UCAS : : :
LCAS ; ; High ; ; ;
W ; I N
OE (RD) 1 —igh 1 1

Note: n=2to5

Figure6.40 2-CASControl Timing
(Upper Byte Write Access. RAST =0, CAST =0)

Rev. 1.00 Sep. 19, 2008 Page 228 of 1270
REJ09B0466-0100 RENESAS




Section 6 Bus Controller (BSC)

This LSI 2-CAS type 16-Mbit DRAM
(Address shift size 1-Mbyte 16-bit configuration
set to 10 bits) 10-bit column address
RASn (CSn) % = RAS
UCAS = UCAS
LCAS = LCAS
HWR (WE) ~ WE
RD (OE) = OE
A10 = A9
A9 = A8 [Row address input:
A8 - A7 A9 to AO
A7 - AB Column address input:
AG | A5 A9 to A0
A5 = A4
A4 = A3
A3 = A2
A2 > A1
A1 > A0
D15 to DO D15 to DO

Figure6.41 Exampleof 2-CAS DRAM Connection

6.7.11 Burst Operation

With DRAM, in addition to full access (hormal access) in which datais accessed by outputting a
row address for each access, afast page mode is also provided which can be used when making
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 to 1 in DRAMCR.

(1) Burst Access (Fast Page M ode)

Figures 6.42 and 6.43 show 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 MXC2 to MXCO in DRAMCR.
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Figure6.42 Operation Timingin Fast Page Mode
(RAST =0, CAST =0)

n=2to5

Note:
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TcZ

L L

Te3 | Ter Teo

0 Jlil

Row address X Colhmn address 1 X Column address 2 DC

e . R H S S B R
Read OE (RD) i i i i W
Data bus ? ? ? ? ? E ? ? d}
weewm) L L
wite |oE D) BT
Data bus i i i ( ; ; H ; ; :

Note: n=2to5

Figure6.43 Operation Timing in Fast Page Mode
(RAST =0,CAST =1)

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 6.7.9, Wait Control.

(2) RASDown Modeand RAS Up Mode

Even when burst operation is selected, it may happen that access to DRAM space is not
continuous, but is interrupted by access to another space. In this case, if the RAS signal is held low
during the access to the other space, burst operation can be resumed when the same row addressin
DRAM spaceis accessed again.

e RASDown Mode
To select RAS down mode, set both the RCDM bit and the BE bit to 1 in DRAMCR. If access
to DRAM space isinterrupted and another space is accessed, the RAS signal is held low
during the access to the other space, and burst access is performed when the row address of the
next DRAM space access is the same as the row address of the previous DRAM space access.
Figure 6.44 shows an example of the timing in RAS down mode.
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Note, however, that the RAS signal will go high if:

— arefresh operation isinitiated in the RAS down state
— self-refreshing is performed

— the chip enters software standby mode

— the externa busis released

— the RCDM bit or BE bitisclearedto O

If atransition is made to the all-module-clocks-stopped mode in the RAS down state, the clock
will stop with RAS low. To enter the all-module-clocks-stopped mode with RAS high, the
RCDM bit must be cleared to 0 before executing the SLEEP instruction.

Normal space DRAM space
DRAM space read read read

T, T Ty T Ty Ty Ty

Tc2 :

Address bus ¥ Row address ><Co|umn address 1)} External address ><Column address 2!

[
o

|
|
|
|
e S—

RASH (CSn)

UCAS, LCAS

Data bus

ST

\ i /

Note: n=2to5

Figure6.44 Example of Operation Timing in RAS Down Mode
(RAST =0,CAST =0)
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RAS Up Mode

To select RAS up mode, clear the RCDM hit to 0 in DRAMCR. Each time accessto DRAM
space s interrupted and another space is accessed, the RAS signal goes high again. Burst
operation isonly performed if DRAM spaceis continuous. Figure 6.45 shows an example of
thetiming in RAS up mode.

Address bus

RASh (CSn)

UCAS, LCAS

Data bus

Note:

DRAM space Normal space

‘ DRAM space read ‘ : read ,
T, T Ty T Ty T 0 Ty Ty

N

! Row address Column address 1 ><Co|umn address 2>< External address X:

-]

-

- -

n=2to5

Figure6.45 Example of Operation Timingin RAS Up Mode
(RAST =0, CAST =0)
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6.7.12 Refresh Control

This LSl is provided with aDRAM refresh control function. CAS-before-RAS (CBR) refreshing
isused. In addition, self-refreshing can be executed when the chip enters the software standby
state.

Refresh control is enabled when any areais designated as DRAM space in accordance with the
setting of bits RMTS2 to RMTS0 in DRAMCR.

(1) CAS-hefore-RAS(CBR) Refreshing
To select CBR refreshing, set the RFSHE hit to 1 in REFCR.

With CBR refreshing, RTCNT counts up using the input clock selected by bits RTCK?2 to RTCKO
in REFCR, and when the count matches the value set in RTCOR (compare match), refresh control
is performed. At the sametime, RTCNT is reset and starts counting up again from H'00.
Refreshing isthus repeated at fixed intervals determined by RTCOR and bits RTCK?2 to RTCKO.
Set avaluein RTCOR and bits RTCK2 to RTCKO that will meet the refreshing interval
specification for the DRAM used.

When bits RTCK2 to RTCKO in REFCR are set, RTCNT starts counting up. RTCNT and RTCOR
settings should therefore be completed before setting bits RTCK 2 to RTCKO. RTCNT operation is
shown in figure 6.46, compare match timing in figure 6.47, and CBR refresh timing in figure 6.48.

When the CBRM hit in REFCR is cleared to 0, access to external space other than DRAM spaceis
performed in parallel during the CBR refresh period.

RTCNT
RTCOR  -------- < 77777777777777777777777777777777777777777777777777777777777777
H'00
Refresh request [ [ [ [ [

Figure6.46 RTCNT Operation
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; B L

RTCNT N >< H'00

RTCOR N

Refresh request
signal and CMF bit
setting signal

Figure6.47 CompareMatch Timing

|
:

CSn (RASn) J : |

UCAS, LCAS

Figure6.48 CBR Refresh Timing
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A setting can be made in bits RCW1 and RCWO in REFCR to delay RAS signal output by one to
three cycles. Use bits RLW1 and RLWO in REFCR to adjust the width of the RAS signal. The
settings of bits RCW1, RCWO0, RLW1, and RLWO are valid only in refresh operations.

Figure 6.49 shows the timing when bits RCW1 and RCWO are set.

TRp TRrw TRr TRc1 TRc2

CSn (RASNn) _|

UCAS, CAS

Figure6.49 CBR Refresh Timing
(RCW1=0,RCW0=1,RLW1=0,RLWO0O=0)
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Depending on the DRAM used, modification of the WE signal may not be permitted during the
refresh period. In this case, the CBRM bit in REFCR should be set to 1. The bus controller will
then insert refresh cycles in appropriate breaks between bus cycles. Figure 6.50 shows an example
of the timing when the CBRM bit is set to 1. In this case the CS signal is not controlled, and
retainsits value prior to the start of the refresh period.

Normal space access request

e

A23 to AO

T -

s

.

<«——— Refresh period —

_—

AS

o

Figure6.50 Example of CBR Refresh Timing (CBRM = 1)
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(2) Sdf-Refreshing

A self-refresh mode (battery backup mode) is provided for DRAM as akind 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 SLFRF bit to 1 in REFCR. 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 6.51.

When software standby mode is exited, the SLFRF bit is cleared to 0 and self-refresh mode is
exited automatically. If a CBR refresh request occurs when making atransition to software
standby mode, CBR refreshing is executed, and then self-refresh mode is entered.

When using sdlf-refresh mode, the OPE bit must not be cleared to 0 in the SBY CR register.

Software
3 TRp 3 TRr 3 i ! standby 3 TRCS 3
q) p—
CSn (RASN) i : : : ! !
o : i i R i :
UCAS, LCAS
o : : : : ) : :
HWR (WE) | | | High K | |

Note: n=2to5

Figure6.51 Self-Refresh Timing
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In some DRAM s provided with a self-refresh mode, the RAS signal precharge time immediately
after self-refreshing islonger than the normal precharge time. A setting can be made in bits
TPCS2 to TPCS0 in REFCR to make the precharge time immediately after self-refreshing from 1
to 7 states longer than the normal prechargetime. In this case, too, normal precharging is
performed according to the setting of bits TPC1 and TPCO in DRACCR, and therefore a setting
should be made to give the optimum post-self-refresh precharge time, including this time. Figure
6.52 shows an example of the timing when the precharge time immediately after self-refreshing is
extended by 2 states.

Software

standby DRAM space write

TRe3 TRy TRy To T, Teq Teo

Address bus

Data bus %%%%%%{%&*

Note: n=2to5

Figure6.52 Example of Timing when Precharge Time after Self-Refreshing s Extended
by 2 States
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(3) Refreshing and All-Module-Clocks-Stopped M ode

InthisLSl, if the ACSE bitisset to 1in MSTPCRH, and then a SLEEP instruction is executed
with the setting for all peripheral module clocks to be stopped (MSTPCR = H'FFFF, EXMSTPCR
= H'FFFF) or for operation of the 8-bit timer module alone (MSTPCR = H'FFFE, EXMSTPCR =
H'FFFF), and atransition is made to the sleep state, the all-module-clocks-stopped modeis
entered, in which the bus controller and I/O port clocks are also stopped. As the bus controller
clock is also stopped in this mode, CBR refreshing is not executed. If DRAM is connected
externaly and DRAM dataisto be retained in sleep mode, the ACSE bit must be clearedto 0 in
MSTPCRH.

6.713 DMAC and EXDMAC Single Address Transfer Mode and DRAM Interface

When burst mode is selected on the DRAM interface, the DACK and EDACK output timing can
be selected with the DDS and EDDS bitsin DRAMCR. When DRAM spaceis accessed in DMAC
or EXDMAC single address mode at the same time, these bits select whether or not burst accessis
to be performed.

(1) When DDS=1o0r EDDS=1

Burst access is performed by determining the address only, irrespective of the bus master. With
the DRAM interface, the DACK or EDACK output goes low from the T, state.

Figure 6.53 shows the DACK or EDACK output timing for the DRAM interface when DDS =1 or
EDDS=1.
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Figure6.53 Example of DACK/EDACK Output Timing when DDS

Note:
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(2) When DDS=0o0r EDDS=0

When DRAM spaceis accessed in DMAC or EXDMAC single address transfer mode, full access
(normal access) is always performed. With the DRAM interface, the DACK or EDACK output
goeslow fromthe T, state.

In modes other than DMAC or EXDMAC single address transfer mode, burst access can be used
when accessing DRAM space.

Figure 6.54 shows the DACK or EDACK output timing for the DRAM interface when DDS = 0 or
EDDS=0.

° 4 | | |

Address bus X Row éddress X

olumn address

RASn (CSn)

UCAS, LCAS

WE (HWR)

Read { OE (RD)

Data bus

Write 1 OE (RD)

Data bus

DACK or EDACK

:

[N IS U I DN (N (Y (NN AN (N I N Y

Note: n=2t05

Figure6.54 Example of DACK/EDACK Output Timing when DDS=0or EDDS=0
(RAST =0,CAST =1)
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6.8 Synchronous DRAM Interface

In the H8S/2426R Group, external address space areas 2 to 5 can be designated as continuous
synchronous DRAM space, and synchronous DRAM interfacing performed. The synchronous
DRAM interface allows synchronous DRAM to be directly connected to thisLSI. A synchronous
DRAM space of up to 8 Mbytes can be set by means of bits RMTS2 to RMTS0 in DRAMCR.
Synchronous DRAM of CAS latency 1 to 4 can be connected.

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.

6.8.1 Setting Continuous Synchronous DRAM Space

Areas 2 to 5 are designated as continuous synchronous DRAM space by setting bits RMTS2 to
RMTS0 in DRAMCR. The relation between the settings of bits RMTS2 to RMTS0 and
synchronous DRAM spaceis shown in table 6.8. Possible synchronous DRAM interface settings
are and continuous area (areas 2 to 5).

Table6.8 Relation between Settings of BitsRMTS2 to RM TS0 and Synchronous DRAM

Space
RMTS2 RMTS1 RMTSO  Area5 Area 4 Area 3 Area 2
0 0 1 Normal space Normal space Normal space DRAM space
1 0 Normal space Normal space DRAM space DRAM space
1 DRAM space DRAM space DRAM space DRAM space
1 0 0 Continuous synchronous DRAM space
1 Mode settings of synchronous DRAM
1 0 Reserved (setting prohibited)
1 Continuous DRAM space

With continuous synchronous DRAM space, CS2, CS3, CS4 pins are used asRAS, CAS, WE
signal. The (OE) pin of the synchronous DRAM is used as the CKE signal, and the CS5 pin is
used as synchronous DRAM clock (SDRAM¢). The bus specifications for continuous
synchronous DRAM space conform to the settings for area 2. The pin wait and program wait for
the continuous synchronous DRAM are invalid.

Commands for the synchronous DRAM can be specified by combining RAS, CAS, WE, and
address-precharge-setting command (Precharge-sel) output on the upper column addresses.

Rev. 1.00 Sep. 19, 2008 Page 243 of 1270
RENESAS REJ09B0466-0100



Section 6 Bus Controller (BSC)

Commands that are supported by this LSl are NOP, auto-refresh (REF), self-refresh (SELF), all
bank precharge (PALL), row address strobe bank-active (ACTV), read (READ), write (WRIT),
and mode-register write (MRS). Commands for bank control cannot be used.

6.8.2 Address Multiplexing

With continuous synchronous DRAM space, the row address and column address are multiplexed.
In address multiplexing, the size of the shift of the row address is selected with bits MXC2 to
MXCO0 in DRAMCR. The address-precharge-setting command (Precharge-sel) can be output on
the upper column address. Table 6.9 shows the relation between the settings of MXC2 to MXCO
and the shift size. The MXC2 bit should be set to 1 when the synchronous DRAM interface is
used.

Table6.9 Relation between Settings of BitsMXC2to M XCO0 and Address Multiplexing

DRAMCR Address Pins
Shift
size | A23to
MXC2 | MXC1 | MXCO als  |AI5|A14|A13|A12|ALL|AL0| A9 | AB | A7 | AG | AS | A4 | A3 | A2 | AL | AD
Row 0 x x Reserved (setting prohibited)
address | 0 0 |8 |A23to |A23|A22|A21|A20|A19|A18|A17|AT6|A15|A14|A13|A12]AT1|AT0| A9 | A8
bits | A16
1 9 A23to |A15|A23|A22 [A21|A20 |A19|A18|A17|A16|A15|A14|A13[A12|A11|A10| A9
bits | A16
1 0 10 | A23to |A15|A14|A23|A22 [ A21 [A20 A19|A18|A17|A16|A15|A14 [A13|A12|A11|A10
bits | A16
1 11 | A23to |A15|A14|A13|A23 | A22 | A21 [A20 | A19 |A18|A17|A16|A15|A14 [ A13 [ A12 |A11
bits | A16
Column 0 x x Reserved (setting prohibited)
dd
address | 0 o | — |asw|P|P|P|P|P|P]|P|as|a7|nec|Aas|as|As|Az]|aAtl]ac
A16
1 | — |ABto |P | P|P|P|P| P |AS|AB|A7|A6|A5|A4|A3|A2]|Al]|AD
A16
1 0 — |A23to | P | P | P | P | P |A10| A9 | AB [ A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD
A16
1 — |A23to | P | P | P | P |A11|A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD
A16
Legend:
x: Don’t care.

P: Precharge-sel
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6.8.3 Data Bus

If the ABW2 bit in ABWCR corresponding to an area designated as continuous synchronous
DRAM spaceissetto 1, areas 2 to 5 are designated as 8-hit continuous synchronous DRAM
space; if the bit is cleared to O, the areas are designated as 16-hit continuous synchronous DRAM
space. In 16-bit continuous synchronous DRAM space, x16-bit configuration synchronous DRAM
can be connected directly.

In 8-bit continuous synchronous DRAM space the upper half of the data bus, D15to D8, is
enabled, while in 16-bit continuous synchronous DRAM space both the upper and lower halves of
the data bus, D15 to DO, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 6.5.1, Data
Size and Data Alignment.

6.8.4 Pins Used for Synchronous DRAM Interface
Table 6.10 shows pins used for the synchronous DRAM interface and their functions.

Sincethe CS2 to CS4 pins arein the input state after areset, set DDR to 1 when RAS, CAS, and
WE signals are output. For details, see section 10, 1/0O Ports. Set the OEE bit of the DRAMCR
register to 1 when the CKE signal is output.
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Table6.10 Synchronous DRAM Interface Pins

With
Synchronous
Pin DRAM Setting Name I/0 Function

CS2 RAS Row address strobe Output  Row address strobe when
areas 2 to 5 are designated
as continuous synchronous
DRAM space

CS3 CAS Column address strobe  Output  Column address strobe when
areas 2 to 5 are designated
as continuous synchronous
DRAM space

CS4 WE Write enable Output  Write enable strobe when
areas 2 to 5 are designated
as continuous synchronous
DRAM space

CS5 SDRAM¢ Clock Output  Clock only for synchronous
DRAM

(OE) (CKE) Clock enable Output  Clock enable signal when
areas 2 to 5 are designated
as continuous synchronous
DRAM space

UCAS DQMU Upper data mask enable Output  Upper data mask enable for
16-bit continuous
synchronous DRAM space
access/data mask enable for
8-bit continuous synchronous
DRAM space access

LCAS DQML Lower data mask enable Output  Lower data mask enable
signal for 16-bit continuous
synchronous DRAM space
access

A15t0 AO A15t0 A0 Address pins Output  Row address/column address
multiplexed output pins

D15to DO  D15to DO Data pins /0 Data input/output pins
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6.8.5 Synchronous DRAM Clock

The synchronous clock (SDRAM) is output from the CS5 pin. SDRAM¢ is shifted by 90° phase
from ¢. Therefore, a stable margin is ensured for the synchronous DRAM that operates at the
rising edge of clocks. Figure 6.55 shows the relationship between ¢ and SDRAM¢.

Teye

S &

|
= 174 Teyc (90°)

SDRAMo
|
|

Figure6.55 Relationship between ¢ and SDRAM ¢

6.8.6 Basic Timing

The four states of the basic timing consist of one T, (precharge cycle) state, one T, (row address
output cycle) state, and the T_ and two T, (column address output cycle) states.

When areas 2 to 5 are set for the continuous synchronous DRAM space, settings of the WAITE bit
of BCR, RAST, CAST, RCDM bits of DRAMCR, and the CBRM hit of REFCR are ignored.

Figure 6.56 shows the basic timing for synchronous DRAM.
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Figure6.56 Basic Access Timing of Synchronous DRAM (CAS Latency 1)
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6.8.7 CAS Latency Control

CAS latency is controlled by settings of the W22 to W20 bits of WTCRB. Set the CAS latency
count, as shown in table 6.11, by the setting of synchronous DRAM. Depending on the setting, the
CAS latency control cycle (T,,) isinserted. WTCRB can be set regardless of the setting of the
AST2 hit of ASTCR. Figure 6.57 shows the CAS latency control timing when synchronous
DRAM of CAS latency 3 is connected.

Theinitia value of W22 to W20 is H'7. Set the register according to the CAS latency of
synchronous DRAM to be connected.

Table6.11 Setting CASLatency

CAS Latency Control

w22 w21 W20 Description Cycle Inserted
0 0 0 Connect synchronous DRAM of CAS 0 state
latency 1
1 Connect synchronous DRAM of CAS 1 state
latency 2
1 0 Connect synchronous DRAM of CAS 2 states
latency 3
1 Connect synchronous DRAM of CAS 3 states
latency 4
1 0 0 Reserved (must not be used) —
1 Reserved (must not be used) —
1 0 Reserved (must not be used) —
1 Reserved (must not be used) —
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6.8.8 Row Address Output State Control

When the command interval specification from the ACTV command to the next READ/WRIT
command cannot be satisfied, 1 to 3 states (Trw) that output the NOP command can be inserted
between the Tr cycle that outputs the ACTV command and the Tc1 cycle that outputs the column
address by setting the RCD1 and RCDO bits of DRACCR. Use the optimum setting for the wait
time according to the synchronous DRAM connected and the operating frequency of thisLSI.
Figure 6.58 shows an example of the timing when the one Trw stateis set.

L

| ||_|

SDRAMo I I I

H-op-----}--

|
|
1
| i
| i
Address bus ’ gglilf'?sns X Row address X Column addres:s :x
i i i | j |
\ \ r . i i i
Precharge-sel , X Row dddress 9\ 1 1 1‘
i i i | t t T
i i i | i i i
1 i 1 f f f
s | l : : ‘ |
i i i | i i i
i i i | i i i
CAS | i i ‘ i i
i i i i i
i i i | i i i
WE I i | i i i
Read ; 1 i | i i i
| \ i | | | |
CKE : T : : :
| i i | i | |
DQMU, DQML | ! ] ] i i
i i T 1 i i i
i i i | i | i
i i i | i i
Data bus L L : L 1 [ ! \ 1
i i i | i | WA
i i i | i T i
i i i | i i i
' PALL ! ACTV | NOP | READ | NOP !
i i i | i i i
1 i i t f f f
RAS —l | | i i i
i i i | i i i
| | i | | i |
CAS | 1 ; ! I—]—f_
i i i | i
i | i | ‘\ i i
] WE I i | ' i
Write ; 1 i | i | i
| | i | : : :
OKE ! T : ! !
i i | i | |
DQMU, DML | ! | | l !
i i i | i i i
i i i | | | |
Data bus ! . f [ 1 T I)_
I \ 1 1 1
i |
i i i | T T T
i i i | | i i
- — : ) — - i
©PALL 1 ACTV NOP ©WRIT 1 NOP

Figure6.58 Example of Access Timing when Row Address Output Hold Statels 1 State
(RCD1=0,RCDO0O=1, SDWCD =0, CAS Latency 2)
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6.8.9 Precharge State Count

When the interval specification from the PALL command to the next ACTV/REF command
cannot be satisfied, from one to four T, states can be selected by setting bits TPC1 and TPCO in
DRACCR. Set the optimum number of T, cycles according to the synchronous DRAM connected
and the operating frequency of thisLSI. Figure 6.59 shows the timing when two Tp states are
inserted.
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The setting of bits TPC1 and TPCO is also valid for T statesin refresh cycles.

o
o
z
o &
?m \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ o AR JENY IS JEOEY DN S S
©
S =
m o
£ =
S
o4 Y USRI E JEOY DN S S
[a)]
g s
14 z
NSA\J —_ RPN [N ISP ISP MU SV SN SN I PRSI M PRI I S
1]
(7]
g ¢
k=] o
Ik £ 5 g 5
= = T 2 T Q
5 2
=S ~"_ SR I IR I S —_— Y
2 g &
o0
() =z =z
©
°
®
‘.m-... .................................................. 0 DR PSR SN SR
=}
© 4 -l
© e e
a a
0] @ ™ » o %) ) - %)
> @ woow = > ww s >
2 ¢ < T AW x 2 a2 T vW s G <
% S [ o ) a © o o 2 ©
I - © -
o 5 2 a 2 3
g & 5 5
M o a o
2 2
3 =
@ =

Figure6.59 Example of Timing with Two-State Precharge Cycle

(TPC1=0, TPCO = 1, SDWCD = 0, CAS Latency 2)
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6.8.10 BusCycleControl in Write Cycle

By setting the SDWCD bit of the DRACCR to 1, the CAS latency control cycle (Tcl) that is
inserted by the WTCRB register in the write access of the synchronous DRAM can be disabled.
Disabling the CAS latency control cycle can reduce the write-access cycle count as compared to
synchronous DRAM read access. Figure 6.60 shows the write access timing when the CAS
latency control cycle is disabled.

—

RS
I N I

j
Column:address

SDRAMo

Address bus Column address Row address

s

Precharge-sel Row address

RGN NN

i
CAS .
i i
WE | |
v 1
CKE — E High E
DQMU, DQML | . .
! ! ! ! !
Data bus —. , . { | :)—
| | | \ ' '
i PALL i ACTV i NOP i WRIT i

Figure6.60 Example of Write Access Timing when CAS Latency Control Cyclels Disabled
(SDWCD =1)
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6.8.11 ByteAccessControl

When synchronous DRAM with a x16-bit configuration is connected, DOMU and DQML are
used for the control signals needed for byte access.

Figures 6.61 and 6.62 show the control timing for DQM, and figure 6.63 shows an example of
connection of byte control by DQMU and DQML.

o | ]

SDRAMo

Address bus xC
Precharge-sel ’

RAS

CAS

WE

CKE

DQMU
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Lower data bus
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Bt T
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PN (D D N7 S R —— R
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i i
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: : : { i i i )

i i i \ ; ; ;
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i i i i i i
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i i i i i i

i PALL 1 ACTV. | NOP i WRIT | NOP i

Figure6.61 DQMU and DQML Control Timing
(Upper Byte Write Access. SDWCD =0, CASLatency 2)
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\

Row address X

A

Precharge-sel

Upper data bus

Lower data bus

NOP

Figure6.62 DQMU and DQML Control Timing

(Lower Byte Read Access: CASLatency 2)
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16-Mbit synchronous DRAM

This LSI 1 Mword x 16 bits x 4-bank configuration
(Address shift size set to 8 bits) 8-bit column address
CS2 (RAS) RAS
CS3 (CAS) CAS
CS4 (WE) WE
UCAS (DQMU) DQMU
LCAS (DQML) =1 DQML
CS5 (SDRAM9) CLK
A23 A13 (BS1)
A21 »{A12 (BSO)
A12 A11
A11 A10

Row address
A10 A9 input: A11 to AO
Column address

A9 A8 input: A7 to A0
A8 A7 Bank select
A7 A6 address: A13/A12
A6 A5
A5 A4
A4 A3
A3 A2
A2 = A1
A1 A0

pistono K >lbQistobao

DCTL OE (CKE) CKE

:

1/0 PORT CS

Notes: 1. Bank control is not available.
2. The CKE and CS pins must be fixed to 1 when the power supply is input.
3. The CS pin must be fixed to 0 before accessing synchronous DRAM.

Figure6.63 Example of DQMU and DQML Byte Control
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6.8.12 Burst Operation

With synchronous DRAM, in addition to full access (normal access) in which datais accessed by
outputting arow address for each access, burst access is also provided which can be used when
making consecutive accesses to the same row address. This access enables fast 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 to 1 in DRAMCR.

DQM has the 2-cycle latency when synchronous DRAM is read. Therefore, the DQM signal
cannot be specified to the Tc2 cycle data output if the Tcl cycle is executed for second or
following column address when the CAS latency is set to 1 to issue the READ command. Do not
set the BE bit to 1 when synchronous DRAM of CAS latency 1 is connected.

(1) Burst Access Operation Timing

Figure 6.64 shows the operation timing for burst access. When there are consecutive access cycles
for continuous synchronous DRAM space, the column address output cycles continue as long as
the row addressis the same for consecutive access cycles. The row address used for the
comparison is set with bits MXC2 to MXCO in DRAMCR.
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Figure6.64 Operation Timing of Burst Access
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(2) RASDown Mode

Even when burst operation is selected, it may happen that access to continuous synchronous
DRAM spaceis not continuous, but isinterrupted by access to another space. In this case, if the
row address active state is held during the access to the other space, the read or write command
can be issued without ACTV command generation similarly to DRAM RAS down mode.

To select RAS down mode, set the BE bit to 1 in DRAMCR regardless of the RCDM hit settings.
The operation corresponding to DRAM RAS up mode s not supported by thisLSl.

Figure 6.65 shows an example of the timing in RAS down mode.
Note, however, the next continuous synchronous DRAM space accessis afull accessif:

e arefresh operation isinitiated in the RAS down state
o saf-refreshing is performed

o the chip enters software standby mode

o theexterna busis released

o theBEhitisclearedto O

o the moderegister of the synchronous DRAM is set

There is synchronous DRAM in which time of the active state of each bank isrestricted. If it is not
guaranteed that other row address are accessed in a period in which program execution ensures the
value (software standby, sleep, etc.), auto refresh or self refresh must be set, and the restrictions of

the maximum active state time of each bank must be satisfied. When refresh is not used, programs
must be developed so that the bank is not in the active state for more than the specified time.
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Continuous synchronous
DRAM space read

External
space read

Continuous synchronous
pace read

DRAM s
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T T Teo T,

T,

T

T

cl

TCZ

p c1 cl c1
o T L e

Address bus

Precharge-sel

RAS

CAS

CKE

DQMU,DQML ——

Data bus

l 1
¥ Column |
addressyf\address

Row

X Column address

|
M Extern:

q‘ll addressif  Colymn add|

1
Iress 2

h \ Row
\address

A

i |
EA Externall address’\

L

IR A

S S S Sy pn W ooy WS S |
R e e
EPALL iACTV iREAD i i NC;)P i EREAD i N(;)P

Figure6.65 Example of Operation Timingin RAS Down Mode
(BE =1, CASLatency 2)

6.8.13 Refresh Control

This LSl is provided with a synchronous DRAM refresh control function. Auto refreshing is used.
In addition, self-refreshing can be executed when the chip enters the software standby state.

Refresh control is enabled when any areais designated as continuous synchronous DRAM space
in accordance with the setting of bits RMTS2 to RMTS0 in DRAMCR.

RENESAS
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(1) Auto Refreshing
To select auto refreshing, set the RFSHE bit to 1 in REFCR.

With auto refreshing, RTCNT counts up using the input clock selected by bits RTCK?2 to RTCKO
in REFCR, and when the count matches the value set in RTCOR (compare match), refresh control
is performed. At the sametime, RTCNT isreset and starts counting up again from H'00.
Refreshing isthus repeated at fixed intervals determined by RTCOR and bits RTCK 2 to RTCKO.
Set avaluein RTCOR and bits RTCK 2 to RTCKO0 that will meet the refreshing interval
specification for the synchronous DRAM used.

When bits RTCK2 to RTCKO are set, RTCNT starts counting up. RTCNT and RTCOR settings
should therefore be completed before setting bits RTCK 2 to RTCKO. Auto refresh timing is shown
in figure 6.66.

Since the refresh counter operation is the same as the operation in the DRAM interface, see
section 6.7.12, Refresh Control.

When the continuous synchronous DRAM space is set, access to external address space other than
continuous synchronous DRAM space cannot be performed in parallel during the auto refresh
period, since the setting of the CBRM bit of REFCR isignored.
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TRp ‘ TRr i TRc1 i TRc2

SDRAM¢§| || || ||

I__
Address bus :X % X:
_

Precharge-sel y \i
RAS —|

CAS |
WE I
CKE — : Figh
PALL |  REF | NOP

Figure6.66 Auto Refresh Timing

When the interval specification from the PALL command to the REF command cannot be
satisfied, setting the RCW1 and RCWO bits of REFCR enables one to three wait states to be
inserted after the T, cyclethat is set by the TPC1 and TPCO bits of DRACCR. Set the optimum
number of waits according to the synchronous DRAM connected and the operating frequency of
this LSI. Figure 6.67 shows the timing when one wait state isinserted. Since the setting of bits
TPC1 and TPCO of DRACCR isalso valid in refresh cycles, the command interval can be
extended by the RCW1 and RCWO bits after the precharge cycles.
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TRp1 TRp2 Trew Tre TRet Tre2

\
1
SDRAMo | | |
1
1

Precharge-sel

L

CAS

WE

CKE

R e S e T DL WP EEpErs o

-O1----4-----4------}------F---}---F---}---p------}--

PALL REF

=z

Figure6.67 Auto Refresh Timing
(TPC=1,TPCO=1,RCW1=0,RCW0=1)

When the interval specification from the REF command to the ACTV cannot be satisfied, setting
the RLW1 and RLWO bits of REFCR enables one to three wait states to be inserted in the refresh
cycle. Set the optimum number of waits according to the synchronous DRAM connected and the
operating frequency of thisLSl. Figure 6.68 shows the timing when one wait state isinserted.
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: TRp : TRr : TRr1 : TRcw : TRCZ :
i i i i | i
1 1 1 1 1 1
1 1 1 1 1 1

1

1
1 1 1 1 1 1
1 1 1 1 1 1
SDRAM¢ | | | : | | : | | | | | : | | :
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
7 7 i } )

Address bus 1 1 | ] EX
| T T i } |
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1
Precharge-sel ’ .\( ! I ] X
1 : 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1

[— 1 1 1 1
RAS | 1 i | i
1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
T i y T
CAS | : : |
1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
WE | | i | i
{ 1 | | 1
i i i i | i
CKE 1 1 1 1 : 1
1 1 1 ngh 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 PALL 1 REF 1 I NOP ] !
1 1 1 ' 1 1

Figure6.68 Auto Refresh Timing
(TPC=0,TPC0=0,RLW1=0,RLW0=1)

(2) Sdf-Refreshing

A self-refresh mode (battery backup mode) is provided for synchronous DRAM as akind of
standby mode. In this mode, refresh timing and refresh addresses are generated within the
synchronous DRAM.

To select self-refreshing, set the RFSHE hit to 1 in REFCR. When a SLEEP instruction is
executed to enter software standby mode, the SELF command isissued, as shown in figure 6.69.

When software standby mode is exited, the SLFRF bit in REFCR is cleared to 0 and self-refresh
mode is exited automatically. If an auto refresh request occurs when making a transition to
software standby mode, auto refreshing is executed, and then self-refresh mode is entered.

When using self-refresh mode, the OPE bit must not be cleared to 0 in SBY CR.
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Software standby

(

I I R oL

TRCZ

1
1
!
1
: 1 1 1 1 1 1
1 1 1 1 1 1 1
sorave | [0 [TV L
! ! ! ! ! )/ ! !
Address bus .>< H H H H \\ H x
' : ! ! ! 1/ ! !
Precharge-sel 4 :\ : | : (( : y<'
[l 1 [l [l [l ) [l [l
! ; ' : : (« : :
AAS | ! ! ! 7 ! !
1 1 1 1 1
: : . ! ! ! !
! ! ! ! ! ! !
CAS —— : : ) : :
! ! ! ! !
1 1 1 1 1
! ! ! ! ! ‘ ! !
WE X X X ) X X
1 1 1 1 1
| ! ! ! ! !
! ! ! ! ! ! !
CKE ——— : : : —
1 1 1 1 (« 1
! | : : : ) . !
1 1 1 1 1 1 1
I PALL 1 SELF H H H NOP H H

Figure6.69 Self-Refresh Timing
(TPC1=1,TPCO=0,RCW1=0,RCW0=0,RLW1=0,RLW0=0)

In some synchronous DRAMSs provided with a self-refresh mode, the interval between clearing
self-refreshing and the next command is specified. A setting can be made in bits TPCS2 to TPCSO
in REFCR to make the precharge time after self-refreshing from 1 to 7 states longer than the
normal precharge time. In this case, too, normal precharging is performed according to the setting
of bits TPC1 and TPCO in DRACCR, and therefore a setting should be made to give the optimum
post-self-refresh precharge time, including this time. Figure 6.70 shows an example of the timing
when the precharge time after self-refreshing is extended by 2 states.

Rev. 1.00 Sep. 19, 2008 Page 266 of 1270
REJ09B0466-0100 RENESAS




Section 6 Bus Controller (BSC)

Continuous synchronous DRAM space write
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1 1 1 ] 1 1 1 1 1 1 1
| | | i 1 | | | '
Precharge-sel H H H | ! /' N Row address * H H "
T T T T T { | 7 T T !
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 l 1 [} 1 1 L
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1 1 1 1 1 1 1 1 1
| | L L L L L L
CKE | | I 1 1 ] 1 1 1 1 |
L L 1 1 1 1 1 1 1 1
T T | i | | | | | | |
L L , ' L
DQMUYDQML 1 1 1 1 1 1 1 1 1
| | | i | | | | l I |
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 I T T
Data bus | | E)_
| | | 1 | 1 | 1 \ ! !
1 1 1 1 1 1 1 1 [l [l 1
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Figure6.70 Example of Timing when Precharge Time after Self-Refreshing I's Extended
by 2 States (TPCS2to TPCSO0=H'2, TPC1 =0, TPCO =0, CAS Latency 2)

(3) Refreshing and All-M odule-Clocks-Stopped Mode

InthisLSl, if the ACSE bitisset to 1 in MSTPCRH, and then a SLEEP instruction is executed
with the setting for all peripheral module clocks to be stopped (MSTPCR = H'FFFF, EXMSTPCR
= H'FFFF) or for operation of the 8-bit timer module alone (MSTPCR = H'FFFE, EXMSTPCR =
H'FFFF), and atransition is made to the sleep state, the all-module-clocks-stopped modeis
entered, in which the bus controller and /O port clocks are also stopped.

As the bus controller clock is also stopped in this mode, auto refreshing is not executed. If
synchronous DRAM is connected to the external address space and DRAM dataisto be retained
in sleep mode, the ACSE bit must be cleared to 0 in MSTPCR.

(4) Software Standby

When atransition is made to normal software standby, the PALL command is not output. If
synchronous DRAM is connected and DRAM dataisto be retained in software standby, self-
refreshing must be set.
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6.8.14 Mode Register Setting of Synchronous DRAM

To use synchronous DRAM, mode must be set after power-on. To set mode, set the RMTS2 to
RMTS0 bitsin DRAMCR to H'5 and enable the synchronous DRAM mode register setting. After
that, access the continuous synchronous DRAM space in bytes. When the value to be set in the
synchronous DRAM mode register is X, value X is set in the synchronous DRAM mode register
by writing to the continuous synchronous DRAM space of address H'400000 + X for 8-bit bus
configuration synchronous DRAM and by writing to the continuous synchronous DRAM space of
address H'400000 + 2X for 16-bit bus configuration synchronous DRAM.

The value of the address signal is fetched at the issuance time of the MRS command as the setting
value of the mode register in the synchronous DRAM. Mode of burst read/burst writein the
synchronous DRAM is not supported by this LSI. For setting the mode register of the
synchronous DRAM, set the burst read/single write with the burst length of 1. Figure 6.71 shows
the setting timing of the mode in the synchronous DRAM.

i i i i

p 1 Tr I Tc1 I Tc2 I

1 1 1 1 1

1 1 1 1 1

1 1 1 1 1

1 1 1 1 1

o [ I I I

i i

SORAMG | | | | | | | | [ ]
i
i

Address bus x Mode setting value

Precharge-sel ’

Mode setting value

DD SN PN S D —_— -

U= NP ISP

3
>
[@p)
T T T T T T T T T T T T T T T T T

High

PALL NOP MRS NOP

Figure6.71 Synchronous DRAM Mode Setting Timing
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6.8.15 DMAC and EXDMAC Single Address Transfer Mode and Synchronous DRAM
Interface

When burst mode is selected on the synchronous DRAM interface, the DACK and EDACK output
timing can be selected with the DDS and EDDS hitsin DRAMCR. When continuous synchronous
DRAM spaceis accessed in DMAC/EXDMAC single address mode at the same time, these bits
select whether or not burst access is to be performed. The establishment time for the read data can
be extended in the clock suspend mode irrespective of the settings of the DDS and EDDS hits.

(1) Output Timing of DACK or EDACK

When DDS =1 or EDDS = 1: Burst accessis performed by determining the address only,
irrespective of the bus master. With the synchronous DRAM interface, the DACK or EDACK
output goes low from the T, state.

Figure 6.72 shows the DACK or EDACK output timing for the synchronous DRAM interface
when DDS=1or EDDS=1.
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Figure6.72 Example of DACK/EDACK Output Timing when DDS
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When DDS =0 or EDDS = 0: When continuous synchronous DRAM space is accessed in
DMAC or EXDMAC single address transfer mode, full access (normal access) is always

performed. With the synchronous DRAM interface, the DACK or EDACK output goes low from
the T, state.

In modes other than DMAC or EXDMAC single address transfer mode, burst access can be used
when accessing continuous synchronous DRAM space.

Figure 6.73 shows the DACK or EDACK output timing for connecting the synchronous DRAM
interface when DDS =0 or EDDS =0.
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Figure6.73 Example of DACK/EDACK Output Timing when DDS
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(2) Read Data Extension

If the CKSPE bit is set to 1 in DRACCR when the continuous synchronous DRAM space is read-
accessed in DMAC/EXDMAC single address mode, the establishment time for the read data can
be extended by clock suspend mode. The number of states for insertion of the read data extension
cycle (Tsp) isset in bits RDXC1 and RDXCO in DRACCR. Besureto set the OEE hitto 1in
DRAMCR when the read data will be extended. The extension of the read dataisnot in
accordance with the bits DDS and EDDS.

Figure 6.74 shows the timing chart when the read data is extended by two cycles.

SDRAM¢|||||E||||||||E||
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: P | b
1 1
Precharge-sel -’ :.ad%?:’ss' | E i E ‘
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Figure6.74 Example of Timing when the Read Data | s Extended by Two States
(DDS=1, 0or EDDS=1, RDXC1=0, RDXCO0=1, CASLatency 2)
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6.9 Burst ROM Interface

Inthis LSI, external address space areas 0 and 1 can be designated as burst ROM space, and burst
ROM interfacing performed. The burst ROM space enables ROM with burst access capability to
be accessed at high speed.

Areas 1 and 0 can be designated as burst ROM space by means of bits BSRM1 and BSRMO in
BROMCR. Continuous burst accesses of 4, 8, 16, or 32 words can be performed, according to the
setting of the BSWD11 and BSWD10 bitsin BROMCR. From 1 to 8 states can be selected for
burst access.

Settings can be made independently for area 0 and area 1.

In burst ROM space, burst access covers only CPU read accesses.

6.9.1 Basic Timing

The number of access states in the initial cycle (full access) on the burst ROM interfaceis
determined by the basic bus interface settingsin ASTCR, ABWCR, WTCRA, WTCRB, and
CSACRH. When area 0 or area 1 is designated as burst ROM space, the settingsin RDNCR and
CSACRL areignored.

From 1 to 8 states can be selected for the burst cycle, according to the settings of bits BSTS02 to
BSTS00 and BSTS12 to BSTS10 in BROMCR. Wait states cannot be inserted. Burst access of up
to 32 words is performed, according to the settings of bits BSTS01, BSTS00, BSTS11, and
BSTS10 in BROMCR.

The basic accesstiming for burst ROM space is shown in figures 6.75 and 6.76.
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Figure6.76 Example of Burst ROM Access Timing
(ASTn =0, 1-State Burst Cycle)

6.9.2 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) on the burst ROM interface. See section 6.5.4,
Wait Control. Wait states cannot be inserted in aburst cycle.

6.9.3 Write Access

When awrite access to burst ROM space is executed, burst accessis interrupted at that point and
the write access is executed in line with the basic bus interface settings. Write accesses are not
performed in burst mode even though burst ROM space is designated.
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6.10 IdleCycle

6.10.1 Operation

When this LS| accesses external address space, it can insert an idle cycle (T,) between bus cycles
in the following three cases: (1) when read accesses in different areas occur consecutively, (2)
when awrite cycle occurs immediately after aread cycle, and (3) when aread cycle occurs
immediately after awrite cycle. Insertion of a 1-state or 2-state idle cycle can be selected with the
IDLC hitin BCR. By inserting an idle cycleit is possible, for example, to avoid data collisions
between ROM, etc., with along output floating time, and high-speed memory, /O interfaces, and
SO on.

(1) Consecutive Readsin Different Areas

If consecutive reads in different areas occur whilethe ICIS1 bitissetto 1in BCR, anidle cycleis
inserted at the start of the second read cycle.

Figure 6.77 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isaread cycle for SRAM, each
being located in adifferent area. In (a), anidle cycle is not inserted, and a collision occursin bus
cycle B between the read datafrom ROM and that from SRAM. In (b), anidle cycleisinserted,
and adata collision is prevented.

. Bus cycle A IBus cycle BI . Bus cycle A . Bus cycle B .
LT Ty i Ty Ty PT T, T3l T Ty T,
¢_|_|_|_|_|_I_|_I_|_I_|_ <>_|_|_|_|_|_I_l_l_|_|_|_|_l'
I 1 1
Address bus :x x: Address bus :x x:
1

Il [
CS (area A) l ! CS (area A) | ‘ !
CS (area B) ! | I (area B)

H.r i I e N

i
Data bus | )—( )—
r 1
t
Idle cycle
(a) No idle cycle insertion (b) Idle cycle insertion
(ICIS1=0) (ICIS1 = 1, initial value)

Figure6.77 Example of Idle Cycle Operation
(Consecutive Readsin Different Areas)
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(2) Writeafter Read

If an external write occurs after an external read whilethe ICISO bitissetto 1in BCR, anidle
cycleisinserted at the start of the write cycle.

Figure 6.78 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin bus cycle B between the read data from ROM
and the CPU write data. In (b), anidle cycleisinserted, and a data collision is prevented.

Bus cycle A Buscycle B , BuscycleA = BuscycleB

LTy T, Tl Ty T, T, T, T LT T, T,
Address bus
i .

1 1
Address bus
X )

CS (area A) |I ‘ ! CS (area A) | “
CS (area B) | I CS (area B)

L —‘—l_t—“

| | | |
HWR | i - HWR | : LI
1 1 1 1 1
Data bus ]—m Data bus :)—( i )—( )—
1 : 1 1 1 : f :
ating
Long output floating time Data collision Idle cycle
(a) No idle cycle insertion (b) Idle cycle insertion
(ICISO = 0) (ICISO = 1, initial value)

Figure6.78 Example of Idle Cycle Operation (Write after Read)
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(3) Read after Write

If an external read occurs after an external write whilethe ICIS2 bitissetto 1in BCR, anidle
cycleisinserted at the start of theread cycle.

Figure 6.79 shows an example of the operation in this case. In thisexample, buscycle A isaCPU
write cycle and bus cycle B isaread cycle from an external device. In (a), anidlecycleis not
inserted, and a collision occursin bus cycle B between the CPU write data and read data from an
external device. In(b), anidle cycleisinserted, and a data collision is prevented.

Bus cycle A Buscycle B , BuscycleA | BuscycleB |
LTy T, Tl Ty T LTy T, Tl T Ty T,
1 1 1 1 1 1
Address bus Address bus
paress bus , IC nasress ovs S
CS (area A) | ! CS (area A) | ‘ !
1 1 1 1 1 1
CS (area B) E |I II CS (area B) E E | II
1 1 1 1 1 1
= 1 1 _— 1 1
RD ] — AD | —
1 1 1 1 1 1
HWR, LWR ' | | i AWR | | | ¢ !
1 1 1 1 1 1
Data bus j—( : )— Data bus ]—( : )—( ,—
| : b | i } |
Long output floating time Data collision Idle cycle
(a) No idle cycle insertion (b) Idle cycle insertion
(ICIS2 = 0) (ICIS2 = 1, initial value)

Figure6.79 Example of Idle Cycle Operation (Read after Write)
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(4) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system’s load conditions, the RD signal may lag behind the CS signal. An
exampleis shown in figure 6.80. 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, asin (b), however, will prevent any overlap between the RD and CS
signals. Intheinitial state after reset release, idle cycle insertion (b) is set.

. Buscycle A Bus cycle B . BuscycleA  BuscycleB
T, T, Ty Ty T, Ty T, T LT Ty T,
o] o LI LI
Address bus :X X x: Address bus :X ‘ x:
CS (area A) ' | ' CS(areaA) ' | !
[ I I
CS(areaB) | i CS (areaB) | I | '
‘ e : ‘ : ‘
" AT D — LT
| | | i i |
__ ‘ }
Overlap period between CS (area B) Idle cycle
and RD may occur
(a) No idle cycle insertion (b) Idle cycle insertion
(ICIS1=0) (ICIS1 = 1, initial value)

Figure6.80 Relationship between Chip Select (CS) and Read (RD)
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(5) ldleCyclein Case of DRAM Space Access after Normal Space Access

InaDRAM space access following a normal space access, the settings of bits ICIS2, ICIS1,
ICISO, and IDLC in BCR are valid. However, in the case of consecutive reads in different areas,
for example, if the second read is afull accessto DRAM space, only aT, cycleisinserted, and a
T, cycleisnot. Thetiming in this caseis shown in figure 6.81.

External read DRAM space read
1 1

T2 Tp Tr Tc1 Tc2
JUU L

1 1
Address bus x x
|

T

Figure6.81 Example of DRAM Full Access after External Read
(CAST =0)

In burst accessin RAS down mode, the settings of bits ICIS2, ICISL, ICISO, and IDLC are valid
and an idle cycleisinserted. Thetiming in this caseisillustrated in figures 6.82 and 6.83.
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Address bus

RAS

UCAS, LCAS

Data bus

Idle cycle

Figure6.82 Exampleof Idle Cycle Operation in RAS Down Mode

(Consecutive Readsin Different Areas) (IDLC
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Figure6.83 Exampleof Idle Cycle Operation in RAS Down Mode

0, RAST =0, CAST =0)

(Write after Read) (IDLC
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(6) ldleCyclein Case of Continuous Synchronous DRAM Space Access after Normal
Space Access

In a continuous synchronous DRAM space access following a normal space access, the settings of
bits ICIS2, ICIS1, ICISO, and IDLC in BCR are valid. However, in the case of consecutive reads
in different areas, for example, if the second read is afull access to continuous synchronous
DRAM space, only Tp cycleisinserted, and Ti cycleisnot. Thetiming in thiscaseisshownin
figure 6.84.

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.

External space read  Synchronous DRAM space read
| | ' | | '

T1 T2 T3 T Tr Tc1 Tcl TcZ
¢
1 1 1 i i 1 1 i 1
1 L L ! ! 1 L I |
Address bus ! E E ) acé)élﬁgqngadFé?ewss' Coiumn adfiress N
! j j ! ! | | ! |
— =
Precharge-sel T R =
! ! 1 [ ! I I [ |
| | | ! : | | ! |
RAS ! ! ! | ' i '
| | | : | : :
A S R R e R S
CAS | i i ' ' ' |
i i | I I I i
_ i i i i i , i i i
WE 1 | | | | ' 1
A Lo
e
1 1 1 i i 1 1 i 1
CKE : : ] 5 5 : ] : :
i i i i i i i i i
| | | ! ! | | ! |
DQMU, DQML ' T T - ! ——

| | | : | : |
i i i I \ I i
| | | ' ' | | ! |
RD I | ! ! I | | i I
| | | ' | | ! |
1 1 1 i 1 1 i 1
_—_|_._,_ A
: ! 1 : ! I I : |
Data bus T E E — 1) E E . i

— U/
S S S D S S S R
| I NOP | I PALL |ACTV IREAD:  NOP |

Figure6.84 Example of Synchronous DRAM Full Access after External Read
(CASLatency 2)
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In burst accessin RAS down mode, the settings of bits ICIS2, ICIS), ICISO, and IDLC are valid
and an idle cycleisinserted. However, in read access, note that the timings of DQMU and DQML
differ according to the settings of the IDLC bit. Thetiminginthiscaseisillustrated in figures
6.85 and 6.86. In write access, DQMU and DQML are not in accordance with the settings of the
IDLC bit. Thetiming inthiscaseisillustrated in figure 6.87.

Continuous synchronous Continuous synchronous

, DRAM space read External spacg read , DRAM space read
! ! o : ! ! ! - ! : I
: | oo b | — | P
| | | ! ! | | 1 1 | ! ! !
VT T Tt T L T Ty T T30 T0 Ty To L T
1
U I 6 5
. X : | | . H . H | | i i
Address bus -§§g$§sg§(ad§$;“ssx Colymn address 1 x Exiemal acadress EX (:;olumn address|2 :)
: ‘ oo P : I : P
! ! 1 T T T I ! ! !
Precharge-sel 'y Nad%?gss* : : A External address :)\ | : : : |
! : | ' ' | | | i H | | 1
| | | ! ! | | | 1 | ! ! !

—_— 1
RAS : i i : : | : | i i i
! ' ! | | 1 1 | ! ! !
! T : : | | | i 1 : : :
RN N S SN SR SN AR e S N
CAS | i i i i | i i i
1 | ! | | 1 1 ! !
| : . i | | : : | i i
w— T [
1 1 1 1 1
| ! ! 1 1 | i 1 |
| | : : | | | | : :
i i i ' ' i i i i i ! ' '
1 | | ! ! | | 1 1 1 ! ! !
CKE T T T ' : T T T T T : : :
: : boor o High 1 : . | P
| | | ! ! | | | 1 | ! ! !
DQMU, DQML _:_l_i_ i | | | i ! !
1 I ! I I | | ! !
| | ' | | | 1 ! !
! ! ] ! | | | i ! 1
1 | | ! ! | | 1 1 | ! ! !
RD ' ; J ' ' J | | ' : : : :
R
| | | ! ! | | | | ! ! !
OwWR TWR ! ! ! . . ! ! ! | ! . . .
HWR, LWR 1 | | ! [ | | 1 | i ! ! !
R A D A T S A
Datab S NS SN SN I e WS SN U mn VS AN pna U
1

e R A" L I WNRE L ) W Ry
i i i i i i i i 1 | i i i
: : : 5 5 | | ! i : 5 ; 5
' PALL 'ACTV 'READ ; | ! I NOP ! | ! READ; NOP |

t

Idle cycle

Figure6.85 Example of Idle Cycle Operation in RAS Down Mode
(Read in Different Area) (IDLC =0, CAS Latency 2)
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Continuous synchronous

Continuous synchronous
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Figure6.86 Exampleof Idle Cycle Operation in RAS Down Mode
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(Read in Different Area) (IDLC
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Continuous synchronous

Continuous synchronous

DRAM space read

External space read
T

Colymn addr

1
ternal ad:dress

1 1
Columny/ Row |
address f\address

|

Address bus

|
ess 1 x Exi

Precharge-sel

Wi
CKE

DQMU, DQML

Data bus

Idle cycle

Figure6.87 Exampleof Idle Cycle Operation in RAS Down Mode

0, CASLatency 2)

(Write after Read) (IDLC
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(7) ldleCyclein Caseof Normal Space Access after DRAM Space Access

(a) Normal space access after DRAM space read access

While the DRMI hit is cleared to 0 in DRACCR, idle cycle insertion after DRAM space accessis
disabled. Idle cycle insertion after DRAM space access can be enabled by setting the DRMI bit to
1. The conditions and number of states of theidle cycleto be inserted are in accordance with the
settings of bits ICIS1, ICISO, and IDLC in BCR are valid. Figures 6.88 and 6.89 show examples of
idle cycle operation when the DRMI bit isset to 1.

When the DRMI bitiscleared to O, anidle cycleis not inserted after DRAM space access even if
bits ICIS1 and ICISO are set to 1.

DRAM space read External address space read , DRAM space, read
| ! | ! | 1

1
| 1 1
L
1 1 ! | | 1 1 | ! !
! ! ! ' 1 ! ! | | |
| | ! | | | | I | |
! ! ! ] | ! | ! !

Tr Tm T2 Tc1 Tc2

! ! | 1 ! 1 !
1 ! il il L 4 il L
Address bus X i X i X i i i X i i x‘
1 1 1 ! | ] | ! | | ! |
. | | | ! | | | | | | | |
RD i A i | | | | | i |
| ] ] 1 ] | ]
J— i 1 1 ] | : 1 | | 1 ! !
RAS i i i w i | i i i i i i
1 | 1 l | ] | 1 | ! ! 1
l ! 0
e
UCAS, LCAS ' : : | l ; ' } y Y l l
I I ! ! ! ! l I
i i i w i | i i i i i i
1 | 1 ! | ] | ! ! ! ! |
1 1 1 } ] 1 1 !
b i i

Idle cycle

Figure6.88 Example of Idle Cycle Operation after DRAM Access
(Consecutive Readsin Different Areas) (IDLC =0, RAST =0, CAST =0)
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External address space write DRAM space read

DRAM space read

Address bus
R
UCAS, LCAS

Data bus

Idle cycle

Figure6.89 Example of Idle Cycle Operation after DRAM Access

=0, RAST =0, CAST =0)

(Write after Read) (IDLC
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(b) Normal space access after DRAM space write access

Whilethe ICIS2 bit is set to 1 in BCR and anormal space read access occurs after DRAM space
write access, idle cycleisinserted in thefirst read cycle. The number of states of theidle cycleto
be inserted isin accordance with the setting of the IDLC bit. It does not depend on the DRMI bit
in DRACCR. Figure 6.90 shows an example of idle cycle operation when the ICIS2 bit is set to 1.

DRAM space read External space read III)RAM space rea
| | | 1 | | |

T T,

i I

Tert Teo T T4 L) T3 Teq Te2

Address bus

d
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]
|
T
|
|
|
|
|
T
|

: : : :
R R E Lo
T ! —°
1 1 I\ : : E
! | | | ] | | !
O e LoX
! i i i ! ) | !
RD | 1 1 1 | | i H
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
H 1 1 1 i | 1 1 H
HWR, LWR ] ' ' i ] ' ' ' ]
’ | | | | | 1 | | |
1 1 1 | : | 1 1 1 1 1
RAS : T i 0 ! | , , !
I
! i 1 1 [ i 1 1 !
- H [ [ [ I I I |
UCAS, LCAS T T T 7 r T y '
N e
1 1 1
Data bus i : L i B! : : L \ :D—‘—
1 1 0
! ; ) S ! ) ; ; \—': ; !
! ! ! ! ; ! ! ! : ! !
Idle cycle

Figure6.90 Example of Idle Cycle Operation after DRAM Write Access
(IDLC=0,ICIS1=0,RAST =0,CAST =0)

(8) ldleCyclein Case of Normal Space Access after Continuous Synchronous DRAM
Space Access.

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.
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(a) Normal space access after a continuous synchronous DRAM spaceread access

While the DRMI bit is cleared to 0 in DRACCR, idle cycle insertion after continuous synchronous
DRAM space read accessis disabled. Idle cycleinsertion after continuous synchronous DRAM
space read access can be enabled by setting the DRMI bit to 1. The conditions and number of
states of the idle cycle to be inserted are in accordance with the settings of bits ICIS1, ICISO, and
IDLCin RCR. Figure 6.91 shows an example of idle cycle operation when the DRMI bit is set to
1. When the DRMI bit is cleared to 0, an idle cycleis not inserted after continuous synchronous
DRAM space read access even if bitsICIS1 and ICISO are set to 1.

Continuous synchronous Continuous synchronous
, DRAM space read . External space read , DRAM space read
| I : : | 1 Il 1 1 | | : J
E I i E E i ] i E E i E E E
CTy 0 T T DTy LT b T Ty To Ty T Tyl Tl Tt
p cl cl C! i 3 c C c2 |
1
! ! 1 : : ! ! ! ! ! : : E
Address bus gﬂ‘g‘s’;x&ﬁ?ﬁssx Column address 1 x F_:lxternalt addresss EX Ibolumn address 2 E)
i H H [l [l i H . i H [l [l [l
3 i i - - - ! i i i
Precharge-sel T | :,( Externaladdress () | ! b
N
RAS l 5 I : : : ! : : : : : : :
! ! i ] 1 1 | | 1 | 1
| ] i i i H ] i i i | i i i
! il ] ! ! i I I I I | 1 1 1
CAS ! i I I ' i ) | i i | I ! !
i : ! : : : 1 1 1 1
__ i i i i i i ] i i i i i i i
WE ! ! | ! ! [ ! | ' | \ ' ' i
1 ! ! i ] | | 1 H 1 1 1
I I : i i : : : | | : i i i
i i i i i i ] i i i i i i i
CKE ] ] ] ' ' ] : : ' ' : ' ' '
: : : l l High | : : : : l l l
! | 1 ! ! i 1 | | 1 | ! ! 1
DQMU, DQML : : ! . ! i ; ; i :
P D L
_— 1 | | ! ! i ' | | | | ! ! !
RD ! | | ! ! [ 1 I ! | \ ' ' i
R
| ! ! i i | ] : ] ! i i i
R | U D D N R
Data bus : ; : ; ; { i : t E E t ; E ;
A D i A A e S
j ! ! u 1 ] ] ! ! ! ! 1 L o
IPALL |ACTV |READ | i i | I NOP 1 ; : 'READ | NOP |

Idle cycle

Figure6.91 Example of Idle Cycle Operation after Continuous Synchronous DRAM Space
Read Access (Read between Different Area) (IDLC =0, CAS Latency 2)
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(b) Normal space access after a continuous synchronous DRAM space write access

If anormal space read cycle occurs after a continuous synchronous DRAM space write access
whilethe ICIS2 bitissetto 1in BCR, idle cycle isinserted at the start of theread cycle. The
number of states of the idle cycleto be inserted is in accordance with the setting of bit IDLC. Itis
not in accordance with the DRMI bit in DRACCR.

Figure 6.92 shows an example of idle cycle operation when the ICIS2 bit is set to 1.

Continuous synchronous
DRAM space write
1 1

External address spage read
1 1 1

Synchronous

, DRAM space read
1

T Tr Tc1 TcZ

Ti

T

1 1
1 1
T, 1 Ts o

TcZ

o JTHU UL L e

. . i 1 ! ! H . . H 1 i
Address bus p acgé?ergr;xad%?&sx Calumn x ! Exterrial addre‘;ss EX Colimn address 2 :)
Y S R S S S N R R
i T T T T |
Precharge-sel 'y ;Ld%‘ﬁgss}, i ;‘ ! External address :)\ ! i iy
! : | ' i | | | I | 1 ]
1 1 1 ! [} I 1 1 1 1 ! !
—_— |
RAS | | : : | | : : ! :
L ' | | | 1 | | | |
! ! 1 | 1 1 1 1 ! !
R A SN S S AN N SN S A S
=a T T T T T T
CAS ! 1 1 I 1 1 1 1
i Il Il | Il 1 ! i
1 1 1 1 1 1 1 1
Il 1 Il [} I 1 I I 1 ! !
N | | | ! | | | | | | ! !
WE 1 ) | 1 1 | ' !
I | I 1 ' 1 | | 1 '
| 1 ! 1 1 I I | ! !
1 1 1 | | | | 1 ! !
i i i i i | i i i i i i
CKE ! ! ! ! L ! ! ! ! ! ! !
O B PUPY B N B S
AR T S 0 N L S N SR N
DQMU, DQML ; , , ; : T Y i
! 1 1 I 1 Il Il !
! | | 1 | | | |
1 1 1 ' [} I 1 1 1 i :
i RN AR A SR T A A S AR S
i ] i ! i i | i i ] ] ]
! | | ' | | | | I | |
1 | 1 ! | 1 | 1 ! !
Il 1 1 ! 1 I [l [l 1 ! i
! ! 1 ! 1 | 1 ! ! 1 ! !
HWR! LWR | | | ! | | | | | | ! !
! | | ' i | | | I | | |
M S 0 D I G R
Data bus : ' ' : i : ' : ! ' : < ) >
i : : J ST A : i : .
i i i ! i | i i i | i i
e e e et e e e
'PALL 'ACTV | NOP !WRIT ! ! I NOP ! 'READ! !

!

Idle cycle

NQP

Figure6.92 Example of Idle Cycle Operation after Continuous Synchronous DRAM Space

Write Access(IDLC =0, ICIS1 =0, SDWCD = 1, CAS Latency 2)
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Table 6.12 shows whether there is an idle cycle insertion or not in the case of mixed accessesto

normal space and DRAM space/continuous synchronous DRAM space.

Table6.12

Synchronous DRAM Space

Idle Cyclesin Mixed Accessesto Normal Space and DRAM Continuous

Previous Access Next Access ICIS2 ICIS1 ICISO DRMI Idle cycle
Normal space read Normal space read — 0 — — Disabled
(different area) — 1 — — 1 state inserted
2 states inserted
DRAM*/continuous — 0 — — Disabled
synchronous DRAM — 1 — — 1 state inserted
space read
2 states inserted
Normal space write — — 0 — Disabled
— — 1 — 1 state inserted
2 states inserted
DRAM*/continuous — — 0 — Disabled
synchronp us DRAM — — 1 — 1 state inserted
space write
2 states inserted
DRAM/continuous  Normal space read — 0 — — Disabled
synchronous — 1 — 0 Disabled
DRAM* -
space read 1 1 state inserted
2 states inserted
DRAM?*/continuous — 0 — — Disabled
synchronous DRAM — 1 — 0 Disabled
space read
1 1 state inserted
2 states inserted
Normal space write — — 0 — Disabled
— — 1 0 Disabled
1 1 state inserted
2 states inserted
DRAM?*/continuous — — 0 — Disabled
synchronpus DRAM — — 1 0 Disabled
space write
1 1 state inserted
2 states inserted
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Previous Access Next Access ICIS2 ICIS1 ICISO DRMI IDLC Idle cycle
Normal space write  Normal space read 0 — — — — Disabled
1 — — — 0 1 state inserted
1 2 states inserted
DRAM?*/continuous 0 — — — — Disabled
synchronous DRAM 1 — — — 0 1 state inserted
space read
1 2 states inserted
DRAM/continuous ~ Normal space read 0 — — — — Disabled
synchronous -
DRAM* 1 — — — 0 1 state inserted
space write 1 2 states inserted
DRAM?*/continuous 0 — — — — Disabled
synchronous DRAM 1 — — — 0 1 state inserted
space read
1 2 states inserted
Note: * Not supported by the H8S/2426 Group and H8S/2424 Group.
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Setting the DRMI bit in DRACCR to 1 enables an idle cycle to be inserted in the case of
consecutive read and write operations in DRAM/continuous synchronous DRAM space burst
access. Figures 6.93 and 6.94 show an example of the timing for idle cycle insertion in the case of
consecutive read and write accesses to DRAM/continuous synchronous DRAM space.

DRAM space read DRAM space write
| ' |

Address bus X

RASn (CSn)

UCAS, LCAS

E (HWR

=

OE (RD

=

Data bus

i.i

Note:n=2to 5 Idle cycle

Figure6.93 Exampleof Timing for Idle Cyclelnsertion in Case of Consecutive Read and
Write Accessesto DRAM Spacein RAS Down Mode
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Continuous synchronous

DRAM space relad
1 1
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RAS i i i i | i i
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1 1 | ! ! | | | 1
cAs T 1| i S
1 | ! 1 |
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A
| 1 1 ! ! 1 | | 1
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1 i 1 ! ! : ] | |
I T U B e ma
L L L ! ! H L | h
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1 | 1 ! ! i | | 1
| | | ! ! | ] 1 |
S e A
'PALL |ACTV IREAD ! ! { NOP | WRIT |

!

Idle cycle

Figure6.94 Exampleof Timing for Idle Cyclelnsertion in Case of Consecutive Read and
Write Accesses to Continuous Synchronous DRAM Spacein RAS Down Mode
(SDWCD =1, CAS Latency 2)
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6.10.2 Pin Statesin Idle Cycle
Table 6.13 shows the pin statesin an idle cycle.

Table6.13 Pin Statesin Idle Cycle

Pins Pin State

A23 to AO Contents of following bus cycle
D15 to DO High impedance
CSn(n=71t00) High* ' *2

UCAS, LCAS High*?

AS/AH High

RD High

OE High

HWR, LWR High

DACKn (n=1, 0) High

EDACKn (n =310 0) High

Notes: 1. Remains low in DRAM space RAS down mode.
2. Remains low in a DRAM space refresh cycle.
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6.11

Write Data Buffer Function

This LS| has awrite data buffer function for 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

tolinBCR.

Figure 6.95 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external address space write or DMA single address mode transfer continues
for two states or longer, and there is an internal access next, an external write only is executed in
thefirst state, but from the next state onward an internal access (on-chip memory or internal 1/0
register read/write) is executed in parallel with the external address space write rather than waiting

until it ends.

External space 4

write

Internal address bus

Internal read signal

-

A23 to A0

WR, L

I
)
oy)

D15 to DO

On-chip memory read Internal I/O register read
1 1 1

1
1
1
:
. |
re——— External write cycle —————————

1
T T> Tw Tw T3 i

Nplinlinlininlin
G D G -
=

Internal memory  Internal I/O register address

e

External address

Figure6.95 Example of Timing when Write Data Buffer Function Is Used
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6.12 BusRedease

This LS can release the external bus in response to a bus request from an external device. In the
external busreleased state, internal bus masters except the EXDMAC* continue to operate as long
asthereis no external access. If any of the following requests are issued in the external bus
released state, the BREQO signal can be driven low to output a bus request externally.

e When an internal bus master wants to perform an external access
e When arefresh request is generated

o When a SLEEP instruction is executed to place the chip in software standby mode or all-
module-clocks-stopped mode

Note: * Not supported by the H8S/2424 Group.

6.121 Operation

In externally expanded mode, the bus can be released to an external device by setting the BRLE
bit to 1 in BCR. Driving the BREQ pin low issues an external bus request to this LS. 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, internal bus masters except the EXDMAC can perform accesses
using the internal bus. When an internal bus master wants to make an external access, it
temporarily defersinitiation of the bus cycle, and waits for the bus request from the external bus
master to be canceled. If arefresh request is generated in the external bus released state, or if a
SLEEP instruction is executed to place the chip in software standby mode or all-module-clocks-
stopped mode, refresh control and software standby or all-module-clocks-stopped control is
deferred until the bus request from the external bus master is canceled.

If the BREQOE bit isset to 1 in BCR, the BREQO pin can be driven low when any of the
following requests are issued, to request cancellation of the bus request externally.

e When an internal bus master wants to perform an externa access
o When arefresh request is generated

o When a SLEEP instruction is executed to place the chip in software standby mode or all-
module-clocks-stopped mode
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When the BREQ pinisdriven high, the BACK pinisdriven 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
asfollows:

(High) Externa bus release > External access by internal bus master (Low)

If arefresh request and external bus release request occur simultaneously, the order of priority is
asfollows:

(High) Refresh > External bus release (Low)

6.12.2 Pin Statesin External Bus Released State
Table 6.14 shows pin states in the external bus released state.

Table6.14 Pin Statesin Bus Released State

Pins Pin State

A23 to AO High impedance
D15 to DO High impedance
CSn(n=7100) High impedance
UCAS, LCAS High impedance
AS/AH High impedance
RD High impedance
OE High impedance
HWR, LWR High impedance
DACKn (n=1,0) High

EDACKn (n=3, 2) High
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6.12.3 Transition Timing

Figure 6.96 shows the timing for transition to the bus released state.

External space
access cycle CPU
| | External bus released state | cycle

' ' ' ' '
- - \ | High impedance H
Address bus ' ' DT dmmmmaa demmemmemme—a. lnmmmmmemeenman '
X - - > i i i !:‘
H T H H | High impedance | H |
Data bus == ==« - = = xmxmr s :} ----- . P HRRA AN b . PR
I | | | I | |
' ' ' ' ' ' '
o ' - 2 ' 1 High impedance | j—:
AS | : | : Remsee peenee- TRl o : :
' f 3 ' 1 High impedance | . -
RD | : Aewn P prmmmm e qrmmmm e / :
j \ i i i i i i
L L 4 ! ! High impedance ! f—
HWR, LWR ] ] u\ ------ LEEEEEEY e E - - ] ]
i i i i i i i i
meo N\ & 4 L L [} ]
' ' ' ' ' ' ' '
- : : : : : : |——— :
: : : : : : : :
BRETS . . . . H i i \
i i i i . .
H H H H H H H H
[1 [2] [3] [4] [5] [6] [71 [8]
[1] Low level of BREQ signal is sampled at rise of ¢.
[2] Bus control signal returns to be high at end of external space access cycle.
At least one state from sampling of BREQ signal.
[3] BACK signal is driven low, releasing bus to external bus master.
[4] BREQ signal state is also sampled in external bus released state.
[5] High level of BREQ signal is sampled.
[6] BACK signal is driven high, ending external bus release cycle.
[7] When there is external access or refresh request of internal bus master during external
bus release while BREQOE bit is set to 1, BREQO signal goes low.
[8] Normally BREQO signal goes high 1.5 states after rising edge of BACK signal.

Figure6.96 BusReleased State Transition Timing
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Figure 6.97 shows the timing for transition to the bus released state with the synchronous DRAM

interface.

IExternaI space read |
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i |
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[1] Low level of BREQ signal is sampled at rise of ¢.

[2] PALL command is issued.

[3] Bus control signal returns to be high at end of external space access cycle.
At least one state from sampling of BREQ signal.

[4] BACK signal is driven low, releasing bus to external bus master..

[5] BREQ signal state is also sampled in external bus released state.

[6] High level of BREQ signal is sampled.

[7]1 BACK signal is driven high, ending external bus release cycle.

[8] When there is external access or refresh request of internal bus master during
external bus release while the BREQOE bit is set to 1, BREQO signal goes low.

[9] BREQO signal goes high 1.5 states after rising edge of BACK signal. If BREQO
signal is asserted because of auto-refreshing request, it retains low until auto-refresh cycle starts up.

Figure6.97 BusRelease State Transition Timing when Synchronous DRAM Interface

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.
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6.13 BusArbitration
This LS has abus arbiter that arbitrates bus mastership operations (bus arbitration).

There are four bus masters—the CPU, DTC, DMAC, and EXDMA C*—that 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 EXDMAC isnot supported by the H8S/2424 Group.

6.13.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the busis requested, sends a
bus request acknowledge signal to the bus master. 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 mastership is as follows:
(High) EXDMAC* > DMAC > DTC > CPU (Low)

Aninternal bus access by interna bus masters except the EXDMAC* and external bus release, a
refresh when the CBRM bit is 0, and an external bus access by the EXDMAC* can be executed in
paralel.

If an external bus release request, arefresh request, and an external access by an internal bus
master occur simultaneously, the order of priority isasfollows:

(High) Refresh > EXDMAC* > External bus release (Low)
(High) External bus release > Externa access by internal bus master except EXDMAC* (Low)

As arefresh when the CBRM bit in REFCR is cleared to 0 and an external access other than to
DRAM space by an internal bus master can be executed simultaneously, there is no relative order
of priority for these two operations.

Note: * The EXDMAC isnot supported by the H8S/2424 Group.
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6.13.2 BusTransfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific timings at which each bus master can relinquish the bus.

(1) CPU

The CPU isthe lowest-priority bus master, and if abus request isreceived from the DTC, DMAC,
or EXDMAC*, the bus arbiter transfers the bus to the bus master that issued the request. The
timing for transfer of the busis asfollows:

e Thebusistransferred at a break between bus cycles. However, if abus cycleis executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the component operations.

e With bit manipulation instructions such as BSET and BCLR, the sequence of operationsis:
dataread (read), relevant bit manipulation operation (modify), write-back (write). The busis
not transferred during this read-modify-write cycle, which is executed as a series of bus cycles.

e |f the CPU isin sleep mode, the busis transferred immediately.

Notee * The EXDMAC isnot supported by the H8S/2424 Group.

(2) DTC

The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), asingle data
transfer, or aregister information write (3 states). It does not release the bus during a register
information read (3 states), asingle data transfer, or aregister information write (3 states).

(3) DMAC
The DMAC sends the bus arbiter arequest 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 asingle transfer.

In block transfer mode, it releases the bus after transfer of one block, and in burst mode, after
completion of the transfer. However, in the event of an EXDMAC or external bus release request,
which have a higher priority than the DMAC, the bus may be transferred to the bus master even if
block or burst transfer isin progress.
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4) EXDMAC
The EXDMAC sends the bus arbiter arequest for the bus when an activation request is generated.

Asthe EXDMAC is used exclusively for transfers to and from the external bus, if the busis
transferred to the EXDMAC, internal accesses by other internal bus masters are still executed in
paralel.

In normal transfer mode or cycle steal transfer mode, the EXDMAC releases the bus after asingle
transfer.

In block transfer mode, it releases the bus after transfer of one block, and in burst transfer mode,
after completion of the transfer. By setting the BGUP bit to 1 in EDMDR, it is possible to specify
temporary release of the busin the event of an external access request from an internal bus master.
For details see section 8, EXDMA Controller (EXDMAC).

Notee The EXDMAC is not supported by the H8S/2424 Group.
(5) External BusRelease

When the BREQ pin goes low and an external bus release request isissued while the BRLE hit is
setto 1in BCR, abusrequest is sent to the bus arbiter.

External bus release can be performed on completion of an external bus cycle.

6.14 BusController Operation in Reset

Inareset, thisLSl, including the bus controller, enters the reset state immediately, and any
executing bus cycle is aborted.
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6.15 Usage Notes

6.15.1 External BusRelease Function and All-M odule-Clocks-Stopped M ode

InthisLSl, if the ACSE bitisset to 1 in MSTPCR, and then a SLEEP instruction is executed with
the setting for all peripheral module clocks to be stopped (MSTPCR = H'FFFF, EXMSTPCR =
H'FFFF) or for operation of the 8-bit timer module alone (MSTPCR = H'FFFE, EXMSTPCR =
H'FFFF), and atransition is made to the sleep state, the all-module-clocks-stopped mode is entered
in which the clock is aso stopped for the bus controller and I/O ports. In this state, the external
bus release function is halted. To use the external bus release function in sleep mode, the ACSE
bit in MSTPCR must be cleared to 0. Conversely, if a SLEEP instruction to place the chipin all-
module-clocks-stopped mode is executed in the external bus released state, the transition to all-
module-clocks-stopped mode is deferred and performed until after the busis recovered.

6.15.2 External BusRelease Function and Softwar e Standby

InthisLSI, internal bus master operation does not stop even while the busisreleased, aslong as
the program is running in on-chip ROM, etc., and no external access occurs. If a SLEEP
instruction to place the chip in software standby mode is executed while the external busis
released, the transition to software standby mode is deferred and performed after the busis
recovered.

Also, since clock oscillation halts in software standby mode, if BREQ goes low in this mode,
indicating an external bus release request, the request cannot be answered until the chip has
recovered from the software standby state.

6.15.3 External BusRelease Function and CBR Refreshing/Auto Refreshing

CBR refreshing/auto refreshing cannot be executed while the external busis released. Setting the
BREQOE bit to 1 in BCR beforehand enables the BREQO signal to be output when a CBR
refresh/auto refresh request isissued.

Note: The auto refresh control function is not supported by the H85/2426 Group and H85/2424
Group.
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6.154 BREQO Output Timing

When the BREQOE hit is set to 1 and the BREQO signal is output, BREQO may go low before
the BACK signal.

Thiswill occur if the next external access request or CBR refresh request occurs while internal bus
arbitration isin progress after the chip samples alow level of BREQ.

6.15.5 Noteson Usage of the Synchronous DRAM

(1) Connection Clock

Be sure to set the clock to be connected to the synchronous DRAM to SDRAM¢.
(2) WAIT Pin

In the continuous synchronous DRAM space, insertion of the wait state by the WAIT pinis
disabled regardless of the setting of the WAITE bit in BCR.

(3) Bank Contral
This LSl cannot carry out the bank control of the synchronous DRAM. All banks are selected.
(4) Burst Access

The burst read/burst write mode of the synchronous DRAM is not supported. When setting the
mode register of the synchronous DRAM, set to the burst read/single write and set the burst length
tol.

(5) CASLatency

When connecting a synchronous DRAM having CAS latency of 1, set the BE bit to 0 in the
DRAMCR.

Note: The synchronous DRAM interface is not supported by the H8S/2426 Group and H85/2424
Group.
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Section 7 DMA Controller (DMAC)

This LS| hasabuilt-in DMA controller (DMAC), which can carry out data transfer on up to 4
channels.

7.1 Features

e Selectable as short address mode or full address mode
Short address mode
— Maximum of 4 channels can be used
— Dual address mode or single address mode can be selected

— In dua address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 hits and the other as 16 hits

— 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 addresses as specified as 24 bits
— Choice of normal mode or block transfer mode
o 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 compare match/input capture interrupts of 16-bit timer-pulse unit (TPUO to 5).
— Transmission complete interrupt and reception complete interrupt of serial communication
interface (SCI_0, SCI_1)
— External request
— Auto-request
e Module stop mode can be set
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A block diagram of the DMAC isshownin figure 7.1.

Internal address bus

Internal interrupts

>

| Address buffer K

Module data bus

TGIOA —
TGIMA ]
TGI2A —
TGI3A ]
TGI4A — 47/ Processor
TGI5A —
TXIO — ) g| | mAR 0AH | MAR_0AL
RXI0O — ] Control logic o
I ol & IOAR_0A
RXI1 — T 5 ETCR_0A
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ﬁg:o - 58] | MAR_0BH | MAR_0BL
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DMTENDOB ~— DMACR 1B o|g IOAR_1B
DMTEND1A ~— = 2
DMTENDAB |  bwmaBCR 5 ETCR_1B
Data buffer
Internal data bus
Legend:
DMAWER : DMA write enable register
DMATCR  : DMA terminal control register
DMABCR : DMA band control register (for all channels)
DMACR : DMA control register
MAR : Memory address register
I0AR : /O address register
ETCR : Execute transfer count register

Figure7.1 Block Diagram of DMAC
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7.2 I nput/Output Pins
Table 7.1 shows the pin configuration of the interrupt controller.

Table7.1 Pin Configuration

Channel  Pin Name Symbol /0 Function
0 DMA request O DREQO Input Channel 0 external request

DMA transfer acknowledge 0  DACKO Output  Channel 0 single address
transfer acknowledge

DMA transfer end 0 TENDO Output  Channel 0 transfer end
1 DMA request 1 DREQ1 Input Channel 1 external request

DMA transfer acknowledge 1 DACK1 Output  Channel 1 single address
transfer acknowledge

DMA transfer end 1 TEND1 Output  Channel 1 transfer end
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7.3 Register Descriptions

The functions of MAR, IOAR, ETCR, DMACR, and DMABCR differ according to the transfer
mode (short address mode or full address mode). The transfer mode can be selected by means of
the FAE1 and FAEOQ bitsin DMABCRH. The register configurations for short address mode and
full address mode of channel 0 are shown in table 7.2.

Memory address register 0AH (MAR_OAH)
Memory address register OAL (MAR_OAL)
I/0 address register_OA (IOAR_0A)
Transfer count register OA (ECTR_0A)
Memory address register OBH (MAR_OBH)
Memory address register OBL (MAR_OBL)
I/0 address register 0B (IOAR_0B)
Transfer count register OB (ECTR_OB)
Memory address register 1AH (MAR_1AH)
Memory address register 1AL (MAR_1AL)
I/O addressregister 1A (ICAR_1A)
Transfer count register 1A (ETCR_1A)
Memory address register 1BH (MAR_1BH)
Memory address register 1BL (MAR_1BL)
I/O addressregister_1B (IOAR_1B)
Transfer count register 1B (ETCR_1B)
DMA control register_ 0A (DMACR_0A)
DMA control register 0B (DMACR_0B)
DMA control register 1A (DMACR_1A)
DMA control register 1B (DMACR_1B)
DMA band control register H (DMABCRH)
DMA band control register L (DMABCRL)
DMA write enable register (DMAWER)
DMA terminal control register (DMATCR)

Rev. 1.00 Sep. 19, 2008 Page 310 of 1270

REJ09B0466-0100

RENESAS



Table7.2

FAEO

0

Section 7 DMA Controller (DMAC)

Short Address Mode and Full Address M ode (Channé 0)

Description

Short address mode specified (channels 0A and OB operate independently)

‘ Channel 0B ‘ ‘ Channel 0A ‘

MAR_OAH | MAR_OAL

-«—— Specifies transfer source/transfer destination address

IOAR_OA -«—— Specifies transfer destination/transfer source address
ETCR_OA -«—— Specifies number of transfers
‘DMACR 0A| -+—— Specifies transfer size, mode, activation source.

MAR_OBH | MAR_OBL

-+—— Specifies transfer source/transfer destination address

IOAR_0B -«—— Specifies transfer destination/transfer source address
ETCR_0B -«— Specifies number of transfers
‘DMACR_OB -s— Specifies transfer size, mode, activation source.

Channel 0

Full address mode specified (channels OA and OB operate in combination as channel 0)

MAR_OAH MAR_OAL | -«—— Specifies transfer source address
MAR_OBH MAR_OBL | -«—— Specifies transfer destination address
IOAR_OA -«— Not used
-«—— Not used
I0AR_0B
— -+—— Specifies number of transfers
ETCR_0A . .
= -+—— Specifies number of transfers (used in block transfer
ETCR_0B mode only)
DMACR_0OADMACR_0B,

-«+—— Specifies transfer size, mode, activation source, etc.

Rev. 1.00 Sep. 19, 2008 Page 311 of 1270
RENESAS

REJ09B0466-0100



Section 7 DMA Controller (DMAC)

731 Memory Address Registers (MARA and MARB)

MAR is a32-hit readable/writable register that specifies the source address (transfer source
address) or destination address (transfer destination address). MAR consists of two 16-hit registers
MARH and MARL. The upper 8 bits of MARH are reserved: they are alwaysread as 0, and
cannot be modified.

The DMA has four MAR registers: MAR_OA in channel O (channel 0A), MAR_OB in channel 0
(channel 0B), MAR_1A in channel 1 (channel 1A), and MAR_1B in channel 1 (channel 1B).

MAR isnot initialized by areset or in standby mode.

Short Address Mode: In short address mode, MARA and MARB operate independently.
Whether MAR functions as the source address register or as the destination address register can be
selected by means of the DTDIR bitin DMACR.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
address specified by MAR is constantly updated.

Full Address Mode: In full address mode, MARA functions as the source address register, and
MARB as the destination address register.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
source or destination address is constantly updated.
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732  1/0 AddressRegisters (IOARA and |OARB)

IOAR is a 16-bit readable/writable register that specifies the lower 16 bits of the source address
(transfer source address) or destination address (transfer destination address). The upper 8 bits of
the transfer address are automatically set to H'FF.

The DMA hasfour IOAR registers: IOAR_OA in channel 0 (channel 0A), IOAR_OB in channel 0
(channel 0B), IOAR_1A in channel 1 (channel 1A), and IOAR_1B in channel 1 (channel 1B).

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 not incremented or decremented each time a data transfer is executed, so the address
specified by IOAR isfixed.

IOAR isnot initialized by areset or in standby mode.

IOAR can be used in short address mode but not in full address mode.

733 Execute Transfer Count Registers (ETCRA and ETCRB)
ETCR isa 16-bit readable/writable register that specifies the number of transfers.

The DMA hasfour ETCR registers: ETCR_OA in channel 0 (channel 0A), ETCR_OB in channel 0
(channel 0B), ETCR_1A in channel 1 (channel 1A), and ETCR_1B in channel 1 (channel 1B).

ETCRisnot initialized by areset or in standby mode.
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(1) Short AddressMode
The function of ETCR in sequential mode and idle mode differs from that in repeat mode.

In sequential mode and idle mode, ETCR functions as a 16-bit transfer counter. ETCR is
decremented by 1 each time atransfer is performed, and when the count reaches H'00, the DTE bit
in DMABCRL is cleared, and transfer ends.

In repeat mode, ETCRL functions as an 8-bit transfer counter and ETCRH functions as atransfer
count holding register. ETCRL is decremented by 1 each time atransfer 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 bitin DMABCRL
isnot cleared, and so transfers can be performed repeatedly until the DTE bit is cleared by the
user.

(2) Full AddressMaode
The function of ETCR in norma mode differs from that in block transfer mode.

In normal mode, ETCRA functions as a 16-hit transfer counter. ETCRA is decremented by 1 each
time a datatransfer is performed, and transfer ends when the count reaches H'0000. ETCRB is not
used in normal mode.

In block transfer mode, ETCRA functions as an 8-bit block size counter (ETCRAL) and ETCRAH
functions as a block size holding register. ETCRAL is decremented by 1 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 sizein ETCRAH and ETCRAL, it is possible to repeatedly
transfer blocks consisting of any desired number of bytes or words.

In block transfer mode, ETCRB functions as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time ablock istransferred, and transfer ends when the count reaches
H'0000.
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734

DMA Control Registers (DMACRA and DMACRB)

DMACR controls the operation of each DMAC channel.

The DMA has four DMACR registers: DMACR_0A in channel 0 (channel 0A), DMACR 0B in
channel 0 (channel 0B), DMACR_1A in channel 1 (channel 1A), and DMACR_1B in channel 1
(channel 1B). In short address mode, channels A and B operate independently, and in full address
mode, channels A and B operate together. The bit functions in the DMACR registers differ

according to the transfer mode.

@

Bit

Bit Name

Short Address M ode:

Initial Value

R/W

DMACR_0OA, DMACR_0B, DMACR_1A, and DMARC_1B

Description

7

DTSZ

0

R/W

Data Transfer Size

Selects the size of data to be transferred at one
time.

0: Byte-size transfer
1: Word-size transfer

6

DTID

0

R/W

Data Transfer Increment/Decrement

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.

0: MAR is incremented after a data transfer
(Initial value)

When DTSZ = 0, MAR is incremented by 1
When DTSZ = 1, MAR is incremented by 2
1: MAR is decremented after a data transfer
When DTSZ = 0, MAR is decremented by 1
When DTSZ = 1, MAR is decremented by 2
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Bit

Bit Name

Initial Value

R/W

Description

5

RPE

0

R/W

Repeat Enable

Used in combination with the DTIE bit in DMABCR
to select the mode (sequential, idle, or repeat) in
which transfer is to be performed.

e When DTIE = 0 (no transfer end interrupt)
0: Transfer in sequential mode

1: Transfer in repeat mode

e When DTIE = 1 (with transfer end interrupt)
0: Transfer in sequential mode

1: Transfer in idle mode

4

DTDIR

0

R/W

Data Transfer Direction

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.

e WhenSAE=0

0: Transfer with MAR as source address and IOAR
as destination address

1: Transfer with IOAR as source address and MAR
as destination address

e When SAE=1

0: Transfer with MAR as source address and
DACK pin as write strobe

1: Transfer with DACK pin as read strobe and MAR
as destination address
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Bit Bit Name Initial Value  R/W Description

3 DTF3 0 R/W Data Transfer Factor 3to 0

2 DTF2 0 R/W These bits select the data transfer factor (activation

1 DTF1 0 R/W source). There are some differences in activation
sources for channel A and channel B.

0 DTFO 0 R/W

e Channel A
0000: Setting prohibited

0001: Activated by A/D converter conversion end
interrupt

0010: Setting prohibited
0011: Setting prohibited

0100: Activated by SCI channel 0 transmission
complete interrupt

0101: Activated by SCI channel O reception
complete interrupt

0110: Activated by SCI channel 1 transmission
complete interrupt

0111: Activated by SCI channel 1 reception
complete interrupt

1000: Activated by TPU channel 0 compare
match/input capture A interrupt

1001: Activated by TPU channel 1 compare
match/input capture A interrupt

1010: Activated by TPU channel 2 compare
match/input capture A interrupt

1011: Activated by TPU channel 3 compare
match/input capture A interrupt

1100: Activated by TPU channel 4 compare
match/input capture A interrupt

1101: Activated by TPU channel 5 compare
match/input capture A interrupt

1110: Setting prohibited
1111: Setting prohibited
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Bit Bit Name Initial Value  R/W Description

3 DTF3 0 R/W e Channel B

2 DTF2 0 R/W 0000: Setting prohibited

1 DTF1 0 R/W 0001: Activated by A/D converter conversion end
0 DTFO 0 RIW interrupt

0010: Activated by DREQ pin falling edge input
(detected as a low level in the first transfer
after transfer is enabled)*

0011: Activated by DREQ pin low-level input*

0100: Activated by SCI channel 0 transmission
complete interrupt

0101: Activated by SCI channel O reception
complete interrupt

0110: Activated by SCI channel 1 transmission
complete interrupt

0111: Activated by SCI channel 1 reception
complete interrupt

1000: Activated by TPU channel 0 compare
match/input capture A interrupt

1001: Activated by TPU channel 1 compare
match/input capture A interrupt

1010: Activated by TPU channel 2 compare
match/input capture A interrupt

1011: Activated by TPU channel 3 compare
match/input capture A interrupt

1100: Activated by TPU channel 4 compare
match/input capture A interrupt

1101: Activated by TPU channel 5 compare
match/input capture A interrupt

1110: Setting prohibited
1111: Setting prohibited

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 7.5.12, Multi-Channel Operation.
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2

Bit

Bit Name

Full AddressMode
DMACR _0A and DMACR_1A

Initial Value

R/W

Description

15

DTSZ

0

RW

Data Transfer Size

Selects the size of data to be transferred at one
time.

0: Byte-size transfer
1: Word-size transfer

14
13

SAID
SAIDE

R/W
R/W

Source Address Increment/Decrement
Source Address Increment/Decrement Enable

These bits specify whether source address
register MARA is to be incremented,
decremented, or left unchanged, when data
transfer is performed.

00: MARA is fixed

01: MARA is incremented after a data transfer

e When DTSZ = 0, MARA is incremented by 1

e When DTSZ = 1, MARA is incremented by 2
10: MARA is fixed

11: MARA is decremented after a data transfer

e When DTSZ = 0, MARA is decremented by 1
e When DTSZ = 1, MARA is decremented by 2

12
11

BLKDIR
BLKE

R/W
R/W

Block Direction
Block Enable

These bits specify whether normal mode or block
transfer mode is to be used for data transfer. If
block transfer mode is specified, the BLKDIR bit
specifies whether the source side or the
destination side is to be the block area.

x0: Transfer in normal mode

01: Transfer in block transfer mode (destination
side is block area)

11: Transfer in block transfer mode (source side is
block area)
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Bit Bit Name Initial Value R/W Description
10to8 — AllO R/W Reserved
These bits can be read from or written to.
However, the write value should always be 0.
Legend:
x: Don’t care

e DMACR 0B and DMACR_1B

Bit Bit Name Initial Value R/W

Description

7 — 0 R/W

Reserved

This bit can be read from or written to. However,
the write value should always be 0.

DAID 0 R/W
DAIDE 0 R/W

Destination Address Increment/Decrement
Destination Address Increment/Decrement Enable

These bits specify whether destination address
register MARB is to be incremented,
decremented, or left unchanged, when data
transfer is performed.

00: MARB s fixed

01: MARB is incremented after a data transfer

e When DTSZ = 0, MARB is incremented by 1

e When DTSZ = 1, MARB is incremented by 2
10: MARB is fixed

11: MARB is decremented after a data transfer

e When DTSZ = 0, MARB is decremented by 1
e When DTSZ = 1, MARB is decremented by 2

Reserved

This bit can be read from or written to. However,
the write value should always be 0.
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Bit Bit Name Initial Value  R/W Description

3 DTF3 0 R/W Data Transfer Factor 3to 0

2 DTF2 0 R/W These bits select the data transfer factor

1 DTF1 0 R/W (activation source). The factors that can be
specified differ between normal mode and block

0 DTFO 0 R/W

transfer mode.

e Normal Mode

0000: Setting prohibited
0001: Setting prohibited

0010: Activated by DREQ pin falling edge input
(detected as a low level in the first transfer
after transfer is enabled)*

0011: Setting prohibited

010x: Setting prohibited

0110: Auto-request (cycle steal)
0111: Auto-request (burst)
1xxx: Setting prohibited
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Bit Bit Name

Initial Value

R/W

Description

DTF3
DTF2
DTF1
DTFO

o == N W

0

0
0
0

R/W
R/W
R/W
R/W

e Block Transfer Mode

0000:
0001:

0010:

0011:
0100:

Setting prohibited

Activated by A/D converter conversion end
interrupt

Activated by DREQ pin falling edge input
(detected as a low level in the first transfer
after transfer is enabled)

Activated by DREQ pin low-level input
Activated by SCI channel 0 transmission

complete interrupt

0101:

0110:

0111:

1000:

1001:

1010:

1011:

1100:

1101:

1110:
1111:

Activated by SCI channel O reception
complete interrupt

Activated by SCI channel 1 transmission
complete interrupt

Activated by SCI channel 1 reception
complete interrupt

Activated by TPU channel 0 compare
match/input capture A interrupt

Activated by TPU channel 1 compare
match/input capture A interrupt

Activated by TPU channel 2 compare
match/input capture A interrupt

Activated by TPU channel 3 compare
match/input capture A interrupt

Activated by TPU channel 4 compare
match/input capture A interrupt

Activated by TPU channel 5 compare
match/input capture A interrupt

Setting prohibited
Setting prohibited

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 7.5.12, Multi-Channel Operation.

Legend:
x: Don’t care
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7.35 DMA Band Control RegistersH and L (DMABCRH and DMABCRL)

DMABCR controls the operation of each DMAC channel. The bit functionsin the DMABCR
registers differ according to the transfer mode.

(1) Short Address Mode:
¢ DMABCRH

Bit Bit Name Initial Value  R/W Description

15 FAEA1 0 R/W Full Address Enable 1

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.

0: Short address mode
1: Full address mode

14 FAEO 0 R/W Full Address Enable 0

Specifies whether channel 0 is to be used in short
address mode or full address mode. In short
address mode, channels OA and 0B can be used
as independent channels.

0: Short address mode
1: Full address mode

13 SAE1 0 R/W Single Address Enable 1

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.

0: Dual address mode
1: Single address mode

12 SAEO 0 R/W Single Address Enable 0

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.

0: Dual address mode

1: Single address mode
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Bit Bit Name Initial Value  R/W Description

11 DTA1B 0 R/W Data Transfer Acknowledge 1B
10 DTA1A 0 R/W Data Transfer Acknowledge 1A
9 DTAOB 0 R/W Data Transfer Acknowledge 0B
8 DTAOA 0 R/W Data Transfer Acknowledge 0A

These bits enable or disable clearing when DMA
transfer is performed for the internal interrupt
source selected by the DTF3 to DTFO bits in
DMACR.

If the DTA bit is set to 1 when DTE = 1, the internal
interrupt source is cleared automatically by DMA
transfer. When DTE = 1 and DTA = 1, the internal
interrupt source does not issue an interrupt request
to the CPU or DTC.

If the DTA bit is cleared to 0 when DTE = 1, the
internal interrupt source 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 issues
an interrupt request to the CPU or DTC regardless
of the DTA bit setting.
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DMABCRL

Bit Name

Initial Value

R/W

Description

DTE1B
DTE1A
DTEOB
DTEOA

o O O

R/W
R/W
R/W
R/W

Data Transfer Enable 1B
Data Transfer Enable 1A
Data Transfer Enable 0B
Data Transfer Enable 0A

If the DTE bit is cleared to 0 when DTIE = 1, the
DMAC regards this as indicating the end of a
transfer, and issues a transfer end interrupt
request to the CPU or DTC.

When DTE = 0, data transfer is disabled and the
DMAC ignores the activation source selected by
the DTF3 to DTFO bits in DMACR.

When DTE = 1, data transfer is enabled and the
DMAC waits for a request by the activation source
selected by the DTF3 to DTFO bits in DMACR.
When a request is issued by the activation source,
DMA transfer is executed.

[Clearing conditions]

e When initialization is performed

e When the specified number of transfers have
been completed in a transfer mode other than
repeat mode

o When 0 is written to the DTE bit to forcibly
suspend the transfer, or for a similar reason

[Setting condition]

When 1 is written to the DTE bit after reading DTE
=0
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Bit Bit Name Initial Value R/W

Description

3 DTIE1B 0 R/W
2 DTIE1A 0 R/W
1 DTIEOB 0 R/W
0 DTIEOA 0 R/W

Data Transfer End Interrupt Enable 1B
Data Transfer End Interrupt Enable 1A
Data Transfer End Interrupt Enable 0B
Data Transfer End Interrupt Enable 0A

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.

(2) Full Address Mode:
¢ DMABCRH

Bit Bit Name Initial Value R/W

Description

15 FAE1 0 R/W

Full Address Enable 1

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 channel 1.

0: Short address mode
1: Full address mode

14 FAEO 0 R/W

Full Address Enable 0

Specifies whether channel 0 is to be used in short
address mode or full address mode.

In full address mode, channels OA and OB are
used together as channel 0.

0: Short address mode
1: Full address mode
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Bit

Bit Name

Initial Value

R/W

Description

13,12

AllO

R/W

Reserved

These bits can be read from or written to.
However, the write value should always be 0.

11

DTA1

0

R/W

Data Transfer Acknowledge 1

These bits enable or disable clearing when DMA
transfer is performed for the internal interrupt
source selected by the DTF3 to DTFO bits in
DMACR of channel 1.

It the DTAT1 bit is setto 1 when DTE1 =1, the
internal interrupt source is cleared automatically
by DMA transfer. When DTE1 =1 and DTA1 =1,
the internal interrupt source does not issue an
interrupt request to the CPU or DTC.

It the DTA1 bit is cleared to 0 when DTE1 = 1, the
internal interrupt source 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 DTE1 = 0, the internal interrupt source
issues an interrupt request to the CPU or DTC
regardless of the DTA1 bit setting.

The state of the DTME1 bit does not affect the
above operations.

10

R/W

Reserved

This bit can be read from or written to. However,
the write value should always be 0.
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Bit Bit Name Initial Value R/W

Description

9 DTAO 0 R/W

Data Transfer Acknowledge O

These bits enable or disable clearing when DMA
transfer is performed for the internal interrupt
source selected by the DTF3 to DTFO bits in
DMACR of channel 0.

It the DTAO bit is set to 1 when DTEO = 1, the
internal interrupt source is cleared automatically
by DMA transfer. When DTEO = 1 and DTAOQ =1,
the internal interrupt source does not issue an
interrupt request to the CPU or DTC.

It the DTAO bit is cleared to 0 when DTEO = 1, the
internal interrupt source 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 DTEO = 0, the internal interrupt source
issues an interrupt request to the CPU or DTC
regardless of the DTAO bit setting.

The state of the DTMEDO bit does not affect the
above operations.

Reserved

This bit can be read from or written to. However,
the write value should always be 0.
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¢ DMABCRL
Bit Bit Name Initial Value  R/W Description
7 DTMEA 0 R/W Data Transfer Master Enable 1

Together with the DTE1 bit, this bit controls
enabling or disabling of data transfer on channel
1. When both the DTME1 bit and DTE1 bit are set
to 1, transfer is enabled for channel 1.

If channel 1 is in the middle of a burst mode
transfer when an NMI interrupt is generated, the
DTMEH1 bit is cleared, the transfer is interrupted,
and bus mastership passes to the CPU. When the
DTME1 bit is subsequently set to 1 again, the
interrupted transfer is resumed. In block transfer
mode, however, the DTME1 bit is not cleared by
an NMl interrupt, and transfer is not interrupted.

[Clearing conditions]

e When initialization is performed

e When NMI is input in burst mode

e When 0 is written to the DTME1 bit
[Setting condition]

When 1 is written to DTME1 after reading DTME1
=0
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Bit Bit Name Initial Value R/W

Description

6 DTE1 0 R/W

Data Transfer Enable 1

Enables or disables DMA transfer for the
activation source selected by the DTF3 to DTFO
bits in DMACR of channel 1.

When DTE1 = 0, data transfer is disabled and the
activation source is ignored. If the activation
source is an internal interrupt, an interrupt request
is issued to the CPU or DTC. If the DTE1 bit is
cleared to 0 when DTIE1 = 1, the DMAC regards
this as indicating the end of a transfer, and issues
a transfer end interrupt request to the CPU.

When DTE1 = 1 and DTME1 = 1, data transfer is
enabled and the DMAC waits for a request by the
activation source. When a request is issued by the
activation source, DMA transfer is executed.

[Clearing conditions]

o When initialization is performed

o When the specified number of transfers have
been completed

o When 0 is written to the DTE1 bit to forcibly
suspend the transfer, or for a similar reason

[Setting condition]

When 1 is written to the DTE1 bit after reading
DTE1=0
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Bit

Bit Name

Initial Value

R/W

Description

5

DTMEO

0

R/W

Data Transfer Master Enable 0

Together with the DTEO bit, this bit controls
enabling or disabling of data transfer on channel
0. When both the DTMEQO bit and DTEO bit are set
to 1, transfer is enabled for channel 0.

If channel O is in the middle of a burst mode
transfer when an NMI interrupt is generated, the
DTMEDO bit is cleared, the transfer is interrupted,
and bus mastership passes to the CPU. When the
DTMEDO bit is subsequently set to 1 again, the
interrupted transfer is resumed. In block transfer
mode, however, the DTMEQO bit is not cleared by
an NMl interrupt, and transfer is not interrupted.

[Clearing conditions]

e When initialization is performed

e When NMIl is input in burst mode

e When 0 is written to the DTMEQ bit
[Setting condition]

When 1 is written to DTMEO after reading DTMEO
=0
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Bit

Bit Name

Initial Value

R/W

Description

4

DTEO

0

R/W

Data Transfer Enable 0

Enables or disables DMA transfer for the
activation source selected by the DTF3 to DTFO
bits in DMACR of channel 0.

When DTEO = 0, data transfer is disabled and the
activation source is ignored. If the activation
source is an internal interrupt, an interrupt request
is issued to the CPU or DTC. If the DTEO bit is
cleared to 0 when DTIEO = 1, the DMAC regards
this as indicating the end of a transfer, and issues
a transfer end interrupt request to the CPU.

When DTEO = 1 and DTMEO = 1, data transfer is
enabled and the DMAC waits for a request by the
activation source. When a request is issued by the
activation source, DMA transfer is executed.

[Clearing conditions]

o When initialization is performed

o When the specified number of transfers have
been completed

o When 0 is written to the DTEQ bit to forcibly
suspend the transfer, or for a similar reason

[Setting condition]

When 1 is written to the DTEO bit after reading
DTEO=0

3

DTIE1B

0

R/W

Data Transfer Interrupt Enable 1B

Enables or disables an interrupt to the CPU or
DTC when transfer on channel 1 is interrupted. If
the DTME1 bit is cleared to 0 when DTIE1B =1,
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 DTIE1B bit to 0 in the interrupt
handling routine, or by performing processing to
continue transfer by setting the DTME1 bit to 1.
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Bit

Bit Name

Initial Value

R/W

Description

2

DTIE1A

0

R/W

Data Transfer End Interrupt Enable 1A

Enables or disables an interrupt to the CPU or
DTC when transfer ends. If the DTE1 bit is cleared
to 1 when DTIE1A = 1, 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 DTIE1A 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
DTE1 bit to 1.

1

DTIEOB

0

R/W

Data Transfer Interrupt Enable 0B

Enables or disables an interrupt to the CPU or
DTC when transfer on channel 1 is interrupted. If
the DTMEQO bit is cleared to 0 when DTIEOB = 1,
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 DTIEOB bit to 0 in the interrupt
handling routine, or by performing processing to
continue transfer by setting the DTMEO bit to 1.

0

DTIEOA

0

R/W

Data Transfer End Interrupt Enable 0A

Enables or disables an interrupt to the CPU or
DTC when transfer ends. If the DTEO bit is cleared
to 0 when DTIEOA = 1, 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 DTIEOA 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
DTEO bit to 1.

RENESAS
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736  DMA Write Enable Register (DMAWER)

The DMAC can activate the DTC with atransfer end interrupt, rewrite the channel on which the
transfer ended using aDTC chain transfer, and then reactivate the DTC. DMAWER applies
restrictions for changing al bits of DMACR, and specific bits for DMATCR and DMABCR for
the specific channel, to prevent inadvertent rewriting of registers other than those for the channel
concerned. The restrictions applied by DMAWER are valid for the DTC.

Bit Bit Name Initial Value

R/W

Description

7to4 — AllO

Reserved

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

3 WE1B 0

R/W

Write Enable 1B

Enables or disables writes to all bits in DMACR1B,
bits 11, 7, and 3 in DMABCR, and bit 5 in
DMATCR.

0: Writes are disabled
1: Writes are enabled

2 WE1A 0

R/W

Write Enable 1A

Enables or disables writes to all bits in DMACR1A,
and bits 10, 6, and 2 in DMABCR.

0: Writes are disabled
1: Writes are enabled

1 WEOB 0

R/W

Write Enable 0B

Enables or disables writes to all bits in DMACROB,
bits 9, 5, and 1 in DMABCR, and bit 4 in
DMATCR.

0: Writes are disabled
1: Writes are enabled

0 WEOA 0

R/W

Write Enable 0A

Enables or disables writes to all bits in DMACROA,
and bits 8, 4, and 0 in DMABCR.

0: Writes are disabled
1: Writes are enabled
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Figure 7.2 shows the transfer areas for activating the DTC with a channel OA transfer end interrupt
request, and reactivating channel OA. The address register and count register areas are set again
during the first DTC transfer, then the control register areais set again during the second DTC
chain transfer. When re-setting the control register area, perform masking by setting bitsin
DMAWER to prevent modification of the contents of other channels.

First transfer area

DTC

MAR_OAH

MAR_OAL

I0AR_0OA

ETCR_OA

MAR_OBH

MAR_OBL

I0AR_0B

ETCR_0B

MAR_1AH

MAR_1AL

I0AR_1A

ETCR_1A

MAR_1BH

MAR_1BL

I0AR_1B

ETCR_1B

DMAWER DMATCR

DMACR_OA | DMACR_0B

Second transfer area
using chain transfer

DMACR_1A | DMACR_1B

DMABCR

Figure7.2 Areasfor Register Re-Setting by DTC (Channel 0A)

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.

Inwritesby 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.
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MAR, IOAR, and ETCR can aways be written to regardless of the DMAWER settings. When
modifying these registers, the channel to be modified should be halted.

737 DMA Terminal Control Register (DMATCR)

DMATCR controls enabling or disabling of output from the DMAC transfer end pin. A port can
be set for output automatically, and a transfer end signal output, by setting the appropriate bit. The
TEND pinisavailable only for channel B in short address mode. Except for the block transfer
mode, atransfer end signal assertsin the transfer cycle in which the transfer counter contents
reaches O regardless of the activation source. In the block transfer mode, atransfer end signal
assertsin the transfer cycle in which the block counter contents reaches 0.

Bit Bit Name Initial Value R/W Description

7,6 — AllO — Reserved

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

5 TEE1 0 R/W Transfer End Enable 1

Enables or disables transfer end pin 1 (TEND1)
output.

0: TEND1 pin output disabled
1: TEND1 pin output enabled

4 TEEO 0 R/W Transfer End Enable 0

Enables or disables transfer end pin 0 (TENDO)
output.

0: TENDO pin output disabled
1: TENDO pin output enabled

3to0 — All O — Reserved

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

DMAC activation sources consist of internal interrupt requests, external requests, and auto-
requests. The DMAC activation sources that can be specified depend on the transfer mode and
channel, as shownin table 7.3.

Table7.3 DMAC Activation Sources

Short Address Mode Full Address Mode

Channels Block
Channels 0B and Normal Transfer
Activation Source OAand 1A 1B Mode Mode
Internal ADIO O O x O
interrupts TXI0 O O < O
RXI0 O O x O
XN O O X O
RXI1 O O x O
TGIOA O O x O
TGHA O O x O
TGI2A O O x O
TGI3A O O x O
TGI4A O O x O
TGI5A O O x O
External DREQ pin falling edge input ~ x O O O
requests DREQ pin low-level input x O O O
Auto-request x x O x

Legend:
(O: Can be specified
x:  Cannot be specified
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741 Activation by Internal Interrupt Request

An interrupt request selected as a DMAC activation source can also simultaneously generate an
interrupt request for the CPU or DTC. For details, see section 5, Interrupt Controller.

With activation by an internal interrupt request, the DMAC accepts the interrupt 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 request that is not used as a
DTC activation source (DTA = 1), the interrupt request flag is cleared automatically by the DMA
transfer. With ADI, TXI, and RXI interrupts, however, the interrupt source flag is not cleared
unless the relevant register is accessed in aDMA transfer. If the sameinterrupt is used as an
activation source for more than one channel, the interrupt request flag is cleared when the highest-
priority channel is activated. Transfer requests for other channels are held pending in the DMAC,
and activation is carried out in order of priority.

When DTE = 0 after completion of atransfer, an interrupt request from the selected activation
sourceis not sent to the DMAC, regardless of the DTA bit setting. In this case, the relevant
interrupt request is sent to the CPU or DTC.

When an interrupt request signal for DMAC activation is also used for an interrupt request to the
CPU or DTC activation (DTA = 0), the interrupt request flag is not cleared by the DMAC.
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Activation by External Request

If an external request (DREQ pin) is specified asa DMAC 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 of short address mode or full address modeis
described below.

When edge sensing is selected, a byte or word is transferred each time a high-to-low transition is
detected on the DREQ pin. The next data transfer may not be performed if the next edge isinput
before data transfer is completed.

When level sensing is selected, the DMAC stands by for atransfer request while the DREQ pinis
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 isinterrupted and the DMAC stands by for atransfer request.

Note: * If therelevant port is set as an output pin for another function, DMA transfers using the
channel in question cannot be guaranteed.

74.2 Activation by Auto-Request

Auto-request is activated by register setting only, and transfer continues to the end. With auto-
reguest 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 are usually repeated aternately. In burst mode, the DMAC
keeps possession of the bus until the end of the transfer so that transfer is performed continuously.

75 Operation

751 Transfer Modes

Table 7.4 lists the DMAC transfer modes.
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Table7.4 DMAC Transfer Modes

Transfer Mode

Transfer Source

Remarks

Short Dual address mode
address * 1-byte or 1-word transfer
mode

for a single transfer
request

* Specify source and
destination addresses to
transfer data in two bus
cycles.

(1) Sequential mode

* Memory address
incremented or
decremented by 1 or 2

¢ Number of transfers: 1 to
65,536

(2) ldle mode

* Memory address fixed

* Number of transfers: 1 to
65,536

(3) Repeat mode

* Memory address

incremented or
decremented by 1 or 2

* Continues transfer after
sending number of
transfers (1 to 256) and
restoring the initial value

* TPU channel 0 to 5
compare match/input
capture A interrupt

¢ SCI transmission
complete interrupt

» SCI reception
complete interrupt

¢ A/D converter
conversion end
interrupt

* External request

Single address mode

* 1-byte or 1-word transfer
for a single transfer
request

¢ 1-bus cycle transfer by
means of DACK pin
instead of using address
for specifying 1/O

¢ Sequential mode, idle

mode, or repeat mode can

be specified

* External request

e Up to 4 channels can
operate independently

* External request applies
to channel B only

* Single address mode
applies to channel B
only
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Transfer Mode

Transfer Source Remarks

Full
address
mode

Normal mode
(1) Auto-request

* Transfer request is
internally held

* Number of transfers (1 to
65,536) is continuously
sent

* Burst/cycle steal transfer
can be selected

(2) External request

* 1-byte or 1-word transfer
for a single transfer
request

¢ Number of transfers: 1 to
65,536

¢ Max. 2-channel
operation, combining
channels A and B

* Auto-request

* External request

Block transfer mode

* Transfer of 1-block, size
selected for a single
transfer request

¢ Number of transfers: 1 to
65,536

¢ Source or destination can
be selected as block area

* Block size: 1 to 256 bytes
or word

e TPU channel0to 5
compare match/input
capture A interrupt

* SCI transmission
complete interrupt

* SClI reception
complete interrupt

¢ A/D converter
conversion end
interrupt

* External request

RENESAS
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752 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 thisis
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 bitin DMACR.

Table 7.5 summarizes register functions in sequential mode.

Table7.5 Register Functionsin Sequential Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0  Source Destination Start address of Incremented/
| i MAR | | address address transfer destination decremented every
register register or transfer source  transfer
23 15 0 Destination Source Start address of Fixed
[ ner | IOAR | 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

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred. |OAR specifies the
lower 16 bits of the other address. The 8 bits above IOAR have avalue of H'FF.
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Figure 7.3 illustrates operation in sequential mode.

/\/ /\/

Address T — < I0AR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
Y Address B =L + (—1)DTID. (2DTSZ. (N — 1))
Where : L = Value setin MAR
N = Value set in ETCR

Address B —m

/\/

Figure7.3 Operation in Sequential M ode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 eachtime a
data transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and data
transfer ends. If the DTIE bitis set to 1 at thistime, 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 compl ete and reception complete interrupts, and TPU channel 0to 5
compare match/input capture A interrupts. External regquests can only be specified for channel B.
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Figure 7.4 shows an exampl e 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

( Sequential mode )

(1l

[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] Set the 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 0.

[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.

Figure7.4 Example of Sequential M ode Setting Procedure
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7.5.3 ldle Mode

Idle mode can be specified by setting the RPE bit in DMACR and DTIE bitin DMABCRL to 1. In
idle mode, one byte or word is transferred in response to a single transfer request, and thisis
executed the number of times specified in ETCR. One address is specified by MAR, and the other
by IOAR. Thetransfer direction can be specified by the DTDIR bitin DMACR. Table 7.6
summarizes register functionsin idle mode.

Table7.6 Register Functionsin 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
| HFF | IOAR | address address transfer source or

register register transfer destination

15 0 Transfer counter Number of transfers Decremented every

transfer; transfer

ends when count
reaches H'0000

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
neither incremented nor decremented by a datatransfer. IOAR specifies the lower 16 bits of the
other address. The upper 8 hits of IOAR have avalue of H'FF.
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Figure 7.5 illustrates operation in idle mode.

/\_/ /\/

MAR —» -+— |OAR
/\_/ /\_/

1 byte or word transfer performed in
response to 1 transfer request

Figure7.5 Operationinldle Mode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 eachtime a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and data transfer
ends. If the DTIE hit is set to 1 at thistime, 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 compl ete and reception complete interrupts, and TPU channel 0to 5
compare match/input capture A interrupts. External regquests can only be specified for channel B.
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Figure 7.6 shows an example of the setting procedure for idle mode.

( Idle mode setting )

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

( Idle mode )

(1]

(2]

(3]

(4]

(5]

(6]

(1]

(2]

(4]

(8]
(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.

¢ Set the RPE bit to 1.

* 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.
e Set the DTIE bit to 1.
e Set the DTE bit to 1 to enable transfer.

Figure7.6 Exampleof Idle Mode Setting Procedure

Rev. 1.00 Sep. 19, 2008 Page 347 of 1270

RENESAS REJ09B0466-0100




Section 7 DMA Controller (DMAC)

754 Repeat Mode

Repeat mode can be specified by setting the RPE bitin DMACR to 1, and clearing the DTIE hit in

DMABCRL to 0. In repeat mode, MAR is updated after each byte or word transfer in response to
asingle transfer request, and this is executed the number of times specified in ETCRL. 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 7.7
summarizes register functions in repeat mode.

Table7.7 Register Functionsin Repeat Mode
Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 ] . Source Destination Start address of Incremented/
| i MAR | address  address  transfer destination decremented every
register register or transfer source  transfer.
Initial setting is
restored when the
value reaches
H'0000
23 15 Destination Source Start address of Fixed
[ nrr | IOAR address  address transfer source or
register register transfer destination
7 0 Holds number of Number of transfers Fixed

transfers

Transfer counter

Number of transfers

Decremented every
transfer.

Loaded with
ETCRH value when
the value reaches
H'00
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MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred. IOAR specifies the
lower 16 hits of the other address. The upper 8 hits of IOAR have avalue of H'FF. The number of
transfersis 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 data 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 bitsin DMACR. The MAR
restoration operation is as shown below.

MAR = MAR — (-1)°™. 2°* . ETCRH
The same value should be set in ETCRH and ETCRL.

In repeat mode, operation continues until the DTE bit in DMABCRL 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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Figure 7.7 illustrates operation in repeat mode.

/\/ /\/

Address T — - I0AR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
y Address B =L + (~1)DTID. (2DTSZ. (N — 1))
Address B — = Where : L = Value setin MAR

N = Value set in ETCR

/\_/

Figure7.7 Operationin Repeat mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission compl ete and reception complete interrupts, and TPU channel 0to 5
compare match/input capture A interrupts. External requests can only be specified for channel B.
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Figure 7.8 shows an example of the setting procedure for repeat mode.

C Repeat mode setting>

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

C Repeat mode )

(1]

(2]

(3]

(4]

(3]

(6]

[1] Set each bitin DMABCRH.
e Clear the FAE bit to 0 to select short address
mode.
e 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 I0AR.

[38] Setthe number of transfers in both ETCRH and
ETCRL.

[4] Set each bit in DMACR.

e Set the transfer data size with the DTSZ bit.

* Specify whether MAR is to be incremented or
decremented with the DTID bit.

e Set the RPE bit to 1.

* Specify the transfer direction with the DTDIR
bit.

e Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE bit in DMABCRL as 0.

[6] Seteach bitin DMABCRL.
e Clear the DTIE bit to 0.
e Set the DTE bit to 1 to enable transfer.

Figure 7.8 Example of Repeat M ode Setting Procedure
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755 Single Address Mode

Single address mode can only be specified for channel B. This mode can be specified by setting
the SAE bitin DMABCRH 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 bitin DMACR.
Table 7.8 summarizes register functions in single address mode.

Table7.8 Register Functionsin Single Address Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0  Source Destination Start address of See sections 7.5.2,
| . MAR . | address  address transfer destination Sequential Mode,

register register or transfer source  7.5.3, ldle Mode,
and 7.5.4, Repeat

Mode.
DACK pin Write Read (Set automatically  Strobe for external
strobe strobe by SAE bit in device
DMABCRH; IOAR
is invalid)
15 0 Transfer counter Number of transfers See 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.

Rev. 1.00 Sep. 19, 2008 Page 352 of 1270
REJ09B0466-0100 RENESAS



Section 7 DMA Controller (DMAC)

Figure 7.9 illustrates operation in single address mode (when sequential mode is specified).

Address T —m»

Y

Address B —m

/\/

/\/

<Tma> | }« DACK

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T =L
Address B =L + (—1)DTID. (2DTSZ. (N — 1))
Where : L = Value setin MAR
N = Value set in ETCR

Figure7.9 Operation in Single Address Mode (When Sequential Mode | s Specified)
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Figure 7.10 shows an example of the setting procedure for single address mode (when sequential
mode is specified).

< Single address > [1] Set each bitin DMABCRH.
mode setting e Clear the FAE bit to 0 to select short address
mode.
¢ Set the SAE bit to 1 to select single address
mode.
Set DMABCRH 1] * Specify enabling or disabling of internal

interrupt clearing with the DTA bit.

[2] Set the transfer source address/transfer
destination address in MAR.

Set transfer source and

transfer destination [2]  [3] Setthe number of transfers in ETCR.
addresses

[4] Seteach bitin DMACR.
¢ Set the transfer data size with the DTSZ bit.
* Specify whether MAR is to be incremented or
Set number of transfers | [3] decremented with the DTID bit.
¢ Clear the RPE bit to 0 to select sequential
mode.
e Specify the transfer direction with the DTDIR
bit.
¢ Select the activation source with bits DTF3 to
DTFO.

Set DMACR [4]

[5] Read the DTE bit in DMABCRL as 0.

Read DMABCRL [5] [6] Set each bitin DMABCRL.

¢ Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

e Setthe DTE bit to 1 to enable transfer.

Set DMABCRL [6]

<Single address mode >

Figure7.10 Example of Single Address M ode Setting Procedur e (When Sequential Mode I's
Specified)
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7.5.6 Normal Mode

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 DMABCRH to 1 and clearing the BLKE bhit in
DMACRA to 0. In normal mode, MAR is updated after data transfer of a byte or word in response
to asingle 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 7.9
summarizes register functionsin normal mode.

Table7.9 Register Functionsin 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
| i MARB | | address register transfer destination every transfer, or fixed
15 0 Transfer counter Number of transfers Decremented every

ETCRA transfer; transfer ends

when count reaches
H'0000

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 abyte or
word istransferred, or can be fixed. Incrementing, decrementing, or holding afixed value can be
set separately for MARA and MARB.

The number of transfersis specified by ETCRA as 16 bits. ETCRA is decremented by 1 each time
atransfer is performed, and when its value reaches H'0000 the DTE bit in DMABCRL is cleared

and transfer ends. If the DTIE bit in DMABCRL isset to 1 at thistime, 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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Figure 7.11 illustrates operation in normal mode.

/\_/ /\_/

Address T —

-a—— Address T

Y

Address Bao —m

Legend:
Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE - (—1)SAID . (2DTSZ . (N — 1))
Address Bg = Lg + DAIDE - (—1)PAID . (2DTSZ . (N — 1))
Where : La = Value setin MARA

Lg = Value set in MARB

N = Value setin ETCRA

Y

-a—— Address Bg

/\/ /\/

Figure7.11 Operationin Normal Mode

Rev. 1.00 Sep. 19, 2008 Page 356 of 1270
REJ09B0466-0100 RENESAS




Section 7 DMA Controller (DMAC)

Transfer requests (activation sources) are external requests and auto-requests. With auto-requests,
the DMAC is only activated by register setting, and the specified number of transfers are
performed automatically. With auto-requests, cycle steal mode or burst mode can be selected. In
cycle steal mode, the busis released to another bus master each time atransfer is performed. In
burst mode, the busis held continuously until transfer ends.
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Figure 7.12 shows an example of the setting procedure for normal mode.

< Normal mode setting >

Set DMABCRH

Set transfer source and
transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

C Normal mode >

(1]

(2]

(3]

(4]

(5]

(6]

(1]

(2]

[3]
[4]

[5]
[6]

Set each bit in DMABCRH.

e Set the FAE bit to 1 to select full address
mode.

* Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address in MARA, and
the transfer destination address in MARB.

Set the number of transfers in ETCRA.

Set each bit in DMACRA and DMACRB.

e Set the transfer data size with the DTSZ bit.
e 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
DAIDE bits.

* Select the activation source with bits DTF3 to
DTFO.

Read DTE = 0 and DTME = 0 in DMABCRL.

Set each bit in DMABCRL.

¢ Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

e Set both the DTME bit and the DTE bit to 1 to
enable transfer.

Figure7.12 Example of Normal M ode Setting Procedure
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75.7 Block Transfer Mode

In block transfer mode, data transfer is performed with channels A and B used in combination.
Block transfer mode can be specified by setting the FAE bit in DMABCRH and the BLKE bit in
DMACRA to 1. In block transfer mode, a data transfer of the specified block size is carried out in
response to a single transfer request, and thisis executed for the number of times specified in
ETCRB. Thetransfer 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
anumber of bytes or words). Table 7.10 summarizes register functions in block transfer mode.

Table7.10 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 . . 0  Source address  Start address of Incremented/decremented
| i MARA | | register transfer source every transfer, or fixed
23 . . 0  Destination Start address of Incremented/decremented
| 1 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 - counter transfer; ETCRAH value
ETCZIR AL copied when count
reaches H'00
15 0 Block transfer Number of block Decremented every block

counter transfers transfer; transfer ends

when count reaches
H'0000

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 abyte or
word istransferred, or can be fixed. Incrementing, decrementing, or holding a fixed value can be
set separately for MARA and MARB. Whether ablock isto be designated for MARA or for
MARB is specified by the BLKDIR bitin DMACRA.

To specify the number of transfers, if M isthe 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.
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Figure 7.13 illustrates operation in block transfer mode when MARB is designated as ablock area.

T~

Address Ty —m|

1st block

Y

Address By —m=

Legend:

2nd block

Nth block

/\/

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 set in MARA
Lg = Value set in MARB
N =Value setin ETCRB
M

Consecutive transfer
of M bytes or words
is performed in
response to one
request

= Value set in ETCRAH and ETCRAL

/\/

Block area

~a—— Address Tg

~a—— Address Bg

Figure7.13 Operation in Block Transfer Mode (BLKDIR =0)
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Figure 7.14 illustrates operation in block transfer mode when MARA is designated as a block area.

I/\/

— Block area —

Address Bo —»= Consecutive transfer
of M bytes or words

is performed in
T~ response to one

request

Address Ta —

Legend:
Address Ta =La
Address Tg =Lp
Address Ba = La + SAIDE - (—1)SAID . (2DTSZ . (N — 1))
Address Bg = Lg + DAIDE - (—1)PAID . (2DTSZ . (M-N — 1))
Where : La = Value setin MARA

Lg = Value set in MARB

N = Value setin ETCRB

M = Value setin ETCRAH and ETCRAL

/\/

— 1st block —

— 2nd block —

— Nth block —

-a— Address Tg

\

/

-4— Address Bg

Figure7.14 Operationin Block Transfer Mode (BLKDIR =1)
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ETCRAL isdecremented by 1 each time abyte 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 isthen loaded with the value in ETCRAH. At thistime, the value in the MAR register
for which ablock designation has been given by the BLKDIR bit in DMACRA isrestored in
accordance with the DTSZ, SAID/DAID, and SAIDE/DAIDE bitsin DMACR.

ETCRB is decremented by 1 after every block transfer, and when the count reaches H'0000 the
DTE bitin DMABCRL iscleared and transfer ends. If the DTIE bit in DMABCRL issetto 1 at
this point, an interrupt request is sent to the CPU or DTC.
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Figure 7.15 shows the operation flow in block transfer mode.

Start
(DTE = DTME = 1)

Transfer request?

No ‘

Acquire bus
|-
| Read address sp!ecified by MARA |
| MARA = MARA + SA‘IDE-(—1)SA|D-ZDTSZ |
| Write to address sr‘Jecified by MARB |
| MARB = MARB + DA‘IDE-(—1)DA|D .2DTSZ |
ETCRAL = E‘TCRAL -1

No

ETCRAL = H'00

| Release bus |

\
|  ETCRAL = ETCRAH |

BLKDIR = 0 No
Yes
| MARB = MARB - DAIDE-(-1)PAD-20TSZETCRAH |
|

| MARA=MARA - SAIDE-(-1)SAD-2DTSZETCRAH |
|
ETCRB = ETCRB - 1

No

ETCRB = H'0000

Clear DTE bit to 0
to end transfer

Figure7.15 Operation Flow in Block Transfer Mode

Rev. 1.00 Sep. 19, 2008 Page 363 of 1270
RENESAS REJ09B0466-0100




Section 7 DMA Controller (DMAC)

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission compl ete and reception complete interrupts, and TPU channel 0to 5
compare match/input capture A interrupts.

Figure 7.16 shows an example of the setting procedure for block transfer mode.

Block transfer [1] Set each bitin DMABCRH.
mode setting e 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 block size in both ETCRAH and

Set transfer source ETCRAL. Set the number of transfers in
and transfer destination | [2] ETCRB.

addresses

[4] Set each bitin DMACRA and DMACRB.
¢ Set the transfer data size with the DTSZ bit.
e Specify whether MARA is to be incremented,

Set number of transfers | [3] 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 bit.

» Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and

Read DMABCRL (5] DAIDE bits.

e Select the activation source with bits DTF3 to
DTFO.

Set DMACR (4]

[56] Read DTE =0 and DTME =0 in DMABCRL.

Set DMABCRL (1 (6] Set each bitin DMABCAL.

e Specify enabling or disabling of transfer end
interrupts to the CPU with the DTIE bit.
e Set both the DTME bit and the DTE bit to 1 to

< Block transfer mode > enable transfer.

Figure7.16 Example of Block Transfer Mode Setting Procedure
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75.8 Basic Bus Cycles

An example of the basic DMAC bus cycletiming is shown in figure 7.17. In this example, word-
sizetransfer is performed from 16-bit, 2-state access space to 8-hit, 3-state access space. When
the busis transferred from the CPU to the DMAC, a source address read and destination address
write are performed. The busis not released in response to another bus request, etc., between
these read and write operations. Aslike CPU cycles, DMA cycles conform to the bus controller
settings.

The address is not output to the external address busin an access to on-chip memory or an internal
1/O register.

CPU cycle DMAC cycle (1-word transfer) | CPU cycle

Ty To Ty To Tz Tq T T3

address ! Destination address |

X X

Address bus

RD

HWR

LWR

Figure7.17 Example of DMA Transfer Bus Timing
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759 DMA Transfer (Dual Address Mode) Bus Cycles
(1) Short AddressMode

Figure 7.18 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-hit, 2-state
access space to internal 1/O space.

DMA DMA DMA DMA DMA DMA DMA
write  |dead,

L L

| | iy | iy | | |

HWR : : O : O : o

l l oy l oy l l l

LWR | | SO | SO | | |

1 1 ) I 1 D) | ‘ ‘

TEND | ! e ‘ N | |
Bus release Bus release Bus release  Last transfer Bus

cycle release

Figure7.18 Example of Short Address Mode Transfer

A byte or word transfer is performed for asingle transfer request, and after the transfer, the busis
released. While the busisreleased, 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 isinserted after the DMA write cycle.

In repeat mode, when TEND output is enabled, TEND output goes low in the transfer end cycle.
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(2) Full AddressMode (Cycle Steal M ode)

Figure 7.19 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (cycle steal mode) is performed from external 16-hbit, 2-state access space to
external 16-hit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
read write read write read write  |dead|

Salipigigipicipigigipiiigigigigigipgh

Address bus X )gt)( X gtx X X:
2 O s I e O s
o | R L L
R e R U
e NN S
BUSE;SB Bu:;;ase BL:S rele,iase Last transfer : Bus

cycle release

Figure7.19 Exampleof Full Address Mode Transfer (Cycle Steal)

A byte or word transfer is performed for asingle transfer request, and after the transfer, the busis
released. While the busis 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
cycleisinserted after the DMA write cycle.
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(3) Full AddressMode (Burst Mode)

Figure 7.20 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (burst mode) is performed from external 16-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 >< X X X X X:

(S S S ——
- Rn B e BN s I e
-
e 8 I s I e N
o | [
Busrelegej | ™ Last ransfer oycle iBusre,ease

Burst transfer

Figure7.20 Example of Full AddressMode Transfer (Burst Mode)
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 isinserted after the DMA write cycle.

If arequest from another higher-priority channel is generated after burst transfer starts, that
channel hasto wait until the burst transfer ends.

If an NMI interrupt is generated while a channel designated for burst transfer isin the transfer
enabled state, the DTME hit in DMABCRL is cleared and the channel is placed in the transfer
disabled state. If burst transfer has already been activated inside the DMAC, the busisreleased 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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(4) Full AddressMode (Block Transfer Mode)

Figure 7.21 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (block transfer mode) is performed from internal 16-bit, 1-state access space to
external 16-hit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA DMA DMA DMA
'read! write !read! write !dead ‘read! write !read! write |dead|

Address bus U X:X

o - DU L L

RD | | | | | | | | | | |

L L Ly L L

HWR | | | | | 144 | | | | | :

o L] o L] o L] o L] o

| | | | | N | | | | |

LWR | | | | | (SO | | | | |

| | | | | | | | | | | |

| | | ‘ | 1)) | | | ‘ | |

TEND L : o : :
Bus release | Block transfer Bus release Last block transfer ' Bus

release

Figure7.21 Example of Full AddressMode Transfer (Block Transfer M ode)

A one-block transfer is performed for asingle transfer request, and after the transfer the busis
released. While the busisreleased, 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 cycleisinserted after the DMA write cycle. Even if an NMI interrupt is
generated during data transfer, block transfer operation is not affected until data transfer for one
block has ended.

(5) DREQ Pin Falling Edge Activation Timing
Set the DTA bitin DMABCRH to 1 for the channel for which the DREQ pin is selected.

Figure 7.22 shows an example of normal mode transfer activated by the DREQ pin falling edge.
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DMA DMA Bus DMA DMA Bus
Bus release read , write . release , read , write . release
\ < e >

QSS ress )( j:x Transfer source XTransferdestination‘X X i:x Transfer source XTransferdestinationX
DMA 3 ¢ 3 3 3 ) 3 ¢ 3 3
control_dle X;Read Wiite | { 1dle L X:::K?adx Wiite | [ e

Request cleér period

Channel Request; L Request clear period _ Request}; )
B — ) . > I el

@ @l OO 7]

' Minimum | Minimum ‘

i i i i

. of 2cycles | of 2 cycles |

i i l | | |

| | | |
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] [B] 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 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.

Figure7.22 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 pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated 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.

Figure 7.23 shows an example of block transfer mode transfer activated by the DREQ pin falling
edge.

Rev. 1.00 Sep. 19, 2008 Page 370 of 1270
REJ09B0466-0100 RENESAS




Section 7 DMA Controller (DMAC)

‘ 1 block transfer ‘ ‘ 1 block transfer ‘
> D EEE—
' DMA DMA  DMA : Bus |  DMA DMA  DMA : Bus
Bus release | read ! write dead release: read ! write rdead ' release
; : ‘ ; < pa > > bt

: ) )
égg ress | \ ::XTransfer source]zx Transfer destination |} :XTransfer source Transfer destination x
owa S - e - A
control_Idle ! . fRead) wiite; | Dead! | Idie X;Readx Wite' | | Dead | [ ! Idle
| | | al | | - | | |
Channel 3 Request! F?équest clear p‘elliod 3 Request | 3 Request clear period 3 3
I > i ¢ »
. Minimum | | . Minimum | | | |
. of 2cycles | 1 . of2cycles | l | |
(1] 2 8 [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] [B] 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]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.

Figure7.23 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 pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated 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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(6) DREQ Pin Low Level Activation Timing (Normal M ode)
Set the DTA bitin DMABCRH to 1 for the channel for which the DREQ pin is selected.

Figure 7.24 shows an example of normal mode transfer activated by the DREQ pin low level.

Bus DMA DMA Bus DMA DMA Bus
release | read | write . release | read | write . release

Qggress ! X S;:X Transfer source XTransferdeslmaﬂonx X ::X Transfer source XTransferdestlnallonX

' | ) 1 \ \ |
DMA - idie | | X:Read Write Idle ; ; ReadX wite | ) idle
Channel ‘/Request‘; ‘Requesl clear penod ‘/Request‘; ‘ Request clear perlod J
i Minimum 1 | Minimum | |
. of2cycles | . of2cycles | |
Hﬁ l > l |
[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.

Figure7.24 Example of DREQ Pin Low 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 pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated 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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Figure 7.25 shows an example of block transfer mode transfer activated by DREQ pin low level.

1 block transfer ' '
DMA | Bus
. dead | release!

DMA
read

DMA
write

DMA
read

| | | . | | )l L | |
| T T = | T e e T T
PREG \ L [ I o A it ]
| | | " | | | | | |
QS g ress | X j:XTransfer source l Transfer destination |} jj(Transfer source 3( Transfer destination X
| | | | | e | |
cDo“r/I{tAroI Idle 1 1 X-_j Read x erte X Dead‘ Ic‘lle Xjﬁt?ad) Wnt((e | X Dead | X 3 Idle
Channel 3 Request! ‘ 3 Request cl]ear period | Request‘ 3 Request ():Iear period 3 J
1 1 (€ 1 \ 1 U 1 1 V\
! Minimum ! ! ! Minimum ! ! ! !
1 of 2 cycles ! i _of2cycles ! ! !
@ (3] [4] (5] [6] [f]

(1]

(2] [5]
(3] [6]
[4117]

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.

The request is cleared at the next bus break, and activation is started in the DMAC.

The DMA cycle is started.

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.

Figure7.25 Example of DREQ Pin Low 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 pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated 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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7510 DMA Transfer (Single Address Mode) Bus Cycles
(1) Single Address Mode (Read)

Figure 7.26 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 >§';:>< >§::>< ><§:>< jx:
I e u N e s W o A
ok~ [T [ [

I I I I I I
TEND | | | | | |
| | | | | | |
— -~ -~ | : 1
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure7.26 Exampleof Single Address Mode Transfer (Byte Read)

Figure 7.27 shows a transfer example in which TEND output is enabled and word-size single
address mode transfer (read) is performed from external 8-bit, 2-state access space to an external
device.
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DMA read

DMA
dead|

Address bus ;X X

-

|
|
—_—

S N R e N B —
1 Dy D)y | ‘
TEND : o 1 Le_| h_
Bus Bus Bus Last transfer Bus
release release release cycle release

Figure7.27 Exampleof Single Address Mode (Word Read) Transfer

A byte or word transfer is performed for asingle transfer request, and after the transfer, the busis
released. While the busisreleased, 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
cycleisinserted after the DMA write cycle.
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(2) Single Address Mode (Write)

Figure 7.28 shows a transfer example in which TEND output is enabled and byte-size single
address mode transfer (write) is performed from an external device to external 8-bit, 2-state access
space.

DMA
DMA write! 'DMA write| 'DMA write! 'DMA write|dead,;

Saiiaiiipipigiaialipipinial
Address bus X i>€§:i>< ><§:>< i>§::i>< j X:
L e e B e B

HWR : o : o i
R - - - 1
DACK | E | I'f | ﬁ | |
| fy Ly Ly | |
TEND : o o :(E :
Bus ‘ ‘Bus‘ ‘ Bus ‘Bus ‘ Last transfer Bus
release release release release cycle release

Figure7.28 Example of Single AddressMode Transfer (Byte Write)

Figure 7.29 shows a transfer example in which TEND output is enabled and word-size single
address mode transfer (write) is performed from an external device to external 8-bit, 2-state access
space.
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DMA
DMA write dead|

Address bus jX X >§;:>< X ;;:X X i j><:

HWR

LWR

LS SN S S N o N N

I I I I I
! 1)) ! ) | | |

TEND | SO ; u’—\ ,71
i i i i ‘ i
— . : : :
I I I I I I

Bus Bus Bus Last transfer Bus

release release release cycle release

Figure7.29 Exampleof Single Address Mode Transfer (Word Write)

A byte or word transfer is performed for asingle transfer request, and after the transfer, the busis
released. While the busisreleased, 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
cycleisinserted after the DMA write cycle.

(3) DREQ Pin Falling Edge Activation Timing
Set the DTA bitin DMABCRH to 1 for the channel for which the DREQ pin is selected.

Figure 7.30 shows an example of single address mode transfer activated by the DREQ pin falling
edge.
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Bus rqlease DMA single Bus rglease DMA single  Bus release

I b Transfer source/ | Transfer source/
Address bus ! ‘>< ;;:X destination >< ;; >< ;;:X destination

| | ) | ) )i
: : (ge — &
DMA control e | | >§>Slngle>< idle | 0 ><SZS|ngle>< Idle

‘Requestclear | Requestclear |

Channel | ! period Request ) period
' Minimum of 3 : Minimum of b 3 !
I 2 cycles I I 2 cycles I I
(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] [B] 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.

Figure7.30 Example of DREQ Pin Falling Edge Activated Single Address M ode 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 pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated 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
resumes after the end of the single cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.
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(49) DREQ Pin Low Level Activation Timing
Set the DTA bitin DMABCRH to 1 for the channel for which the DREQ pin is selected.

Figure 7.31 shows an example of single address mode transfer activated by the DREQ pin low
level.

Bus
Bus release DMA single Bus release DMA single release

(

Transfer source/ Transfer source/

DACK 1 1 T
| () | | &) | () | |
| Singl | | i |
DMA control Idle ) Sing e>< Idle ! ) ! )Slngle>< Idle !
| | N N |
3 Request clear 3 : 3 Request clear 3
Channel | period //Request! y!  period !
i i | (@ i
| | Minimum of | |
! ! 2 cycles ! !
I |- |
(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]1[6] The DMAC cycle is started.

[4][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.

Figure7.31 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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When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
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.

7511 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 BCR in the bus controller is set to 1, enabling the write data buffer
function, dual address transfer external write cycles or single address transfer and internal accesses
(on-chip memory or internal 1/0 registers) are executed in parallel. Internal accesses are
independent of the bus mastership, and DMAC dead cycles are regarded as internal accesses.

A low level can aways be output from the TEND pin if the bus cyclein which alow level isto be
output from the TEND pin is an external bus cycle. However, alow level is not output from the
TEND pin if the bus cycle in which alow level isto be output from the TEND pinis an internal
bus cycle, and an external write cycle is executed in parallel with this cycle.

Figure 7.32 shows an example of dual address transfer using the write data buffer function. The
dataistransferred from on-chip RAM to external memory.

DMA DMA DMA DMA DMA DMA DMA DMA DMA
read write read write read write read write dead

U UL L L
memataaross (A A A A A kXK )
momatweassgnal || 1| [ ][]

A i A A

External address

Figure 7.32 Example of Dual Address Transfer Using Write Data Buffer Function
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Figure 7.33 shows an example of single address transfer using the write data buffer function. In
this example, the CPU program areais in on-chip memory.

DMA DMA CPU DMA CPU

read single read single read

Internal address < >< >< >< >< >< >< >< >< >
Internal read signal \_r—| r—| |
A

External address ><

Figure7.33 Exampleof 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.

75.12  Multi-Channe Operation

The DMAC channel priority order is: channel 0 > channel 1, and channel A > channel B. Table
7.11 summarizes the priority order for DMAC channels.

Table7.11 DMAC Channd Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B T
Channel 1A Channel 1

Channel 1B Low
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If transfer requests are issued simultaneously for more than one channel, or if atransfer request for
another channd isissued during atransfer, when the busis released, the DMAC selects the
highest-priority channel from among those issuing arequest according to the priority order shown
intable 7.11. 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 7.34 shows a transfer example in
which transfer requests are issued simultaneousdly for channels OA, 0B, and 1.

DMA
DMA read DMA write DMA read DMA write DMA read DMA write read
| | e Bt L i S

Channel 0A ((Reqdest clear f f f )

Address bus | X | )(:;ﬂ( X DD( | )(:
L T T L
L S S O O Ny
L ” iy

DMA control I@Re:adx Writei [ idie )(%EEX Writei { idle :

N | |
: / ;o | |
Channel 0B . Request | Selection \ Request clear | |
' hold | [ ] / (o |
j j j N | | |
| | - [ R | ; Request clear |
Channel 1 : Eglgues'[ | se’\\‘e%rt‘ion ! ! Eglgues'[ ' Selection ‘\ c;)u: I
Bus : Channel 0A : Bus : Channel 0B : Bus : Channel 1 transfer
release transfer release transfer release

Figure7.34 Example of Multi-Channel Transfer

Rev. 1.00 Sep. 19, 2008 Page 382 of 1270
REJ09B0466-0100 RENESAS




Section 7 DMA Controller (DMAC)

75.13 Relation between DMAC and External Bus Requests, Refresh Cycles,
and EXDMAC

When the DMAC accesses external space, contention with arefresh cycle, EXDMAC cycle, or
external busrelease cycle may arise. In this case, the bus controller will suspend the transfer and
insert arefresh cycle, EXDMAC cycle, or external bus release cycle, in accordance with the
external bus priority order, even if the DMAC is executing a burst transfer or block transfer. (An
external access by the DTC or CPU, which has alower priority than the DMAC, is not executed
until the DMAC releases the external bus.)

When the DMAC transfer mode is dual address mode, the DMAC releases the external bus after
an external write cycle. The external read cycle and external write cycle are inseparable, and so the
bus cannot be rel eased between these two cycles.

When the DMAC accesses internal space (on-chip memory or an interna 1/0 register), the DMAC
cycle may be executed at the same time as arefresh cycle, EXDMAC cycle, or external bus
release cycle.
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7514 DMAC and NMI Interrupts

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 DTME bit in
DMABCRLare 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 rel eases the bus, which passesto the
CPU.

The channel on which transfer was interrupted can be restarted by setting the DTME bit to 1
again. Figure 7.35 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] Check that DTE =1 and
transfer on interrupted DTME = 0 in DMABCRL.

channel

[2] Write 1 to the DTME bit.

(1]
No

DTE bit = 1
DTME bit=0

Set DTME bit to 1 [2]

|

\
< Transfercontinues) ( Transfer ends )

Figure7.35 Example of Procedurefor Continuing Transfer on Channel Interrupted by
NMI Interrupt
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75.15 Forced Termination of DMAC Operation

If the DTE bitin DMABCRL is cleared to O for the channel currently operating, the DMAC stops
on completion of the 1-byte or 1-word transfer in progress. DMAC operation resumes when the
DTE bit isset to 1 again. In full address mode, the same appliesto the DTME bit in DMABCRL.
Figure 7.36 shows the procedure for forcibly terminating DMAC operation by software.

. [1] Clear the DTE bit in DMABCRL to 0.
Forced termination . .
To prevent interrupt generation after forced

of DMAC
termination of DMAC operation, clear the DTIE bit
to 0 at the same time.

—

Clear DTE bitto 0 1]

< Forced termination >

Figure7.36 Example of Procedurefor Forcibly Terminating DMAC Operation
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75.16 Clearing Full AddressMode

Figure 7.37 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 DTME bit in
address mode DMABCRL to 0, or wait until the transfer ends

and the DTE bit is cleared to 0, then clear the
DTME bit to 0. Also clear the corresponding
DTIE bit to 0 at the same time.

Stop the channel (11 [2] Clear all bits in DMACRA and DMACRB to 0.

[3] Clear the FAE bitin DMABCRH to 0

Initialize DMACR [2]

Clear FAE bitto 0 [3]

Initialization;
operation halted

Figure 7.37 Example of Procedurefor Clearing Full Address Mode
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7.6 Interrupt Sources

The sources of interrupts generated by the DMAC are transfer end and transfer break. Table 7.12
shows the interrupt sources and their priority order.

Table7.12 Interrupt Sourcesand Priority Order

Interrupt Name

Interrupt Source

Short Address Mode

Full Address Mode

Interrupt
Priority Order

DMTENDOA

Interrupt due to end of
transfer on channel 0A

Interrupt due to end of
transfer on channel 0

DMTENDOB

Interrupt due to end of
transfer on channel 0B

Interrupt due to break in
transfer on channel 0

DMTEND1A

Interrupt due to end of
transfer on channel 1A

Interrupt due to end of
transfer on channel 1

DMTEND1B

Interrupt due to end of
transfer on channel 1B

Interrupt due to break in
transfer on channel 1

High

A

Low

Enabling or disabling of each interrupt sourceis set by means of the DTIE bit in DMABCRL for
the corresponding channel in DMABCRL, and interrupts from each source are sent to the interrupt
controller independently. The priority of transfer end interrupts on each channel is decided by the
interrupt controller, as shown in table 7.12.

Figure 7.38 shows a block diagram of atransfer end/transfer break interrupt. An interrupt is
always generated when the DTIE hit is set to 1 while the DTE bit in DMABCRL is cleared to 0.

DTE/
DTME

DTIE

Transfer end/transfer
break interrupt

e — .

Figure7.38 Block Diagram of Transfer End/Transfer Break Interrupt

In full address mode, atransfer break interrupt is generated when the DTME hit is cleared to O
whilethe DTIE 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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1.7 Usage Notes
(1) DMAC Register Accessduring Operation

Except for forced termination of the DMAC, 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, DMAC registers should not be written to in aDMA transfer.

DMAC register reads during operation (including the transfer waiting state) are described below.

o DMAC control starts one cycle before the bus cycle, with output of the internal address.
Consequently, MAR is updated in the bus cycle before DMA transfer. Figure 7.39 shows an
example of the update timing for DMAC registersin dual address transfer mode.

! DMA transfer cycle ' L DMA last transfer cycle '
' b} ! |
. | ! DMA .
| h |
.‘ ' DMAread , DMAwrte » . DMAread ', DMAwrite , dead :
: - - L A R R
0 e e e e e e e 1 6 O 2
: ! ' ! : ' : ! ! : : : : '
DMA Internal | X "Transfer] X Transfer X ' | "Transfer X  Transfer | | X '
address ' , source, destination = , source : destination ' '
: . . : : :
R S S B N HEE S S S S SN S
DMA control dle X ! Read ! X ! Write 1 X Idle ! H: X ! Read; X | Writer X | Dead: X | Idle
\ T ; T \ ' I T ! \ \ \ \ '
| ! ! | ! | ' . | | | | !
DMA register ) &l .k s A . : T ) {21} i R . :
operation 7 | ——— ] . \ \ / 0\ / ' T
. U ' l U . . . l

[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']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)

Note: In single address transfer mode, the update timing is the same as [1].
The MAR operation is post-incrementing/decrementing of the DMA internal address value.

Figure7.39 DMAC Register Update Timing
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o |f aDMAC transfer cycle occursimmediately after aDMAC register read cycle, the DMAC
register is read as shown in figure 7.40.

CPU longword read _ DMA transfer cycle
MAR upper MAR lower . X

. wordread . wordread | DMAread , DMAwrite |
¢ R O e I
DMA internal X X ZTransfeE :Transfelg X ; :
address . . . source. destination .
DMA control L ide © X i Read: X ‘wite: X I oide :
DMA register : /T\ /T\
operation : A / A 2 /

Note: The lower word of MAR is the updated value after the operation in [1].

Figure7.40 Contention between DMAC Register Update and CPU Read
(2) Module Stop

When the MSTP13 hit in MSTPCRH is set to 1, the DMAC clock stops, and the module stop state
isentered. However, 1 cannot be written to the MSTP13 bit if any of the DMAC channelsis
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 modul e stop state, they should be
invalidated, if necessary, before a module stop.

o Transfer end/break interrupt (DTE=0and DTIE=1)
e TEND pinenable (TEE = 1)
e DACK pinenable (FAE=0and SAE=1)
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(3) Write Data Buffer Function

When the WDBE bit of BCR 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.

e Write data buffer function and DMAC register setting
If the setting of aregister that controls external accessesis 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.

o Write data buffer function and next DMAC operation
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.

(4 TEND Output

If the last transfer cycleisfor an internal address, note that even if low-level output at the TEND
pin has been set, alow level may not be output at the TEND pin under the following external bus
conditions since the last transfer cycle (internal bus cycle) and the external bus cycle are executed
inparallel.

EXDMAC cycle

Write cycle with write buffer mode enabled

DMAC single address cycle for a different channel with write buffer mode enabled
Busrelease cycle

CBR refresh cycle

o r~ wDdhpRE

Figure 7.41 shows an example in which alow level is not output from the TEND pin in case 2
above.

If thelast transfer cycleis an external address cycle, alow level isoutput at the TEND pinin
synchronization with the bus cycle.

However, if the last transfer cycle and a CBR refresh occur simultaneously, note that although the
CBR refresh and the last transfer cycle may be executed consecutively, TEND may also go low in
this case for the refresh cycle.
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DMA DMA
read . write
.~ "

e ML L L
Internal address >< >< ><

Internal read signal L ‘
Internal write signal ! I—li

External address | ><
AWR, TWR |
TEND !

o Not output

A
\j

External write by CPU, etc.

Figure7.41 Examplein which Low Level IsNot Output at TEND Pin
(5) Activation by Falling Edge on DREQ Pin

DREQ pin falling edge detection is performed in synchronization with DMAC internal operations.
The operation is asfollows:

[1] Activation request wait state: Waits for detection of alow level on the DREQ pin, and
switchesto [2].

[2] Transfer wait state: Waits for DMAC data transfer to become possible, and switchesto [3].

[3] Activation request disabled state: Waits for detection of a high level on the DREQ pin, and
switchesto [1].

After DMAC transfer is enabled, atransitionis madeto [1]. Thus, initial activation after transfer
is enabled is performed on detection of alow level.
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(6) Activation Source Acceptance

At the start of activation source acceptance, alow 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
isdetected. Therefore, arequest is accepted from an internal interrupt or DREQ pin low level that
occurs before write to DMABCRL 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.

(7) Internal Interrupt after End of Transfer

When the DTE bitin DMABCRL is cleared to O at the end of atransfer or by aforcible
termination, the selected internal interrupt request will be sent to the CPU or DTC even if the
DTA bitin DMABCRH isset to 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 the DTA hitisset to 1.

Aninternal interrupt request following the end of transfer or aforcible termination should be
handled by the CPU as necessary.

(8) Channel Re-Setting

To reactivate anumber 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 aDMABCR operation is performed during new interrupt handling, the
DMABCR write datain 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
DMARBCR 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 1 to them.
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Section 8 EXDMA Controller (EXDMAC)

This LS has a built-in dual-channel external bus transfer DMA controller (EXDMAC). The
EXDMAC can carry out high-speed data transfer, in place of the CPU, to and from external
devices and external memory with aDACK (DMA transfer notification) facility.

Note: ThisEXDMAC is not supported by the H852424 Group.

8.1 Features

o Direct specification of 16-Mbyte address space

e Selection of byte or word transfer data length

e Maximum number of transfers. 16M (16,777,215)/infinite (free-running)

e Selection of dual address mode or single address mode

e Selection of cycle steal mode or burst mode as bus mode

e Selection of normal mode or block transfer mode as transfer mode

e Two kinds of transfer requests: external request and auto-request

e Aninterrupt request can be sent to the CPU at the end of the specified number of transfers.
e Repeat area designation function:

e Operation in parallel with internal bus master:

o Acceptance of atransfer request and the start of transfer processing can be reported to an
external deviceviathe EDRAK pin.

e Module stop mode can be set.
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Figure 8.1 shows a block diagram of the EXDMAC.

Bus controller

Data buffer [«—

External pins
EDREQ —* Control logic |  Address buffer
EDRAK <—
" Processor
ETEND -=—j
EDACK <— | EDSAR
Interrupt request «—| > | EDDAR
figr.‘a('js. ‘.3 C'IDU bl EDMDR
or individua D
channels i EDACR | EDTCR

Legend:
EDSAR:
EDDAR:
EDTCR:
EDMDR:
EDACR:

00.00N

)

Internal data bus

EXDMA source address register
EXDMA destination address register
EXDMA transfer count register
EXDMA mode control register
EXDMA address control register

D

Module data bus

Figure8.1 Block Diagram of EXDMAC
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8.2

I nput/Output Pins

Table 8.1 shows the pin configuration of the EXDMAC.

Table8.1 Pin Configuration
Abbre-
Channel Name viation I/0 Function
2 EXDMA transfer request2 EDREQ2 Input Channel 2 external request
EXDMA transfer EDACK2 Output  Channel 2 single address transfer
acknowledge 2 acknowledge
EXDMA transfer end 2 ETEND2 OQutput  Channel 2 transfer end
EDREQ?2 acceptance EDRAK2 Output  Notification to external device of
acknowledge channel 2 external request
acceptance and start of transfer
processing
3 EXDMA transfer request3 EDREQS Input Channel 3 external request
EXDMA transfer EDACK3 Output  Channel 3 single address transfer
acknowledge 3 acknowledge
EXDMA transfer end 3 ETEND3 Output  Channel 3 transfer end
EDREQS3 acceptance EDRAK3 Output  Notification to external device of
acknowledge channel 3 external request
acceptance and start of transfer
processing
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8.3 Register Descriptions
The EXDMAC has the following registers.

o EXDMA source addressregister 2 (EDSAR _2)

o EXDMA destination address register_2 (EDDAR_2)
e EXDMA transfer count register 2 (EDTCR_2)

o EXDMA mode control register_ 2 (EDMDR_2)

o EXDMA address control register 2 (EDACR _2)

o EXDMA source addressregister 3 (EDSAR _3)

o EXDMA destination addressregister 3 (EDDAR_3)
o EXDMA transfer count register_3 (EDTCR_3)

e EXDMA mode control register 3 (EDMDR_3)

o EXDMA address control register_3 (EDACR_3)

831 EXDMA Source Address Register (EDSAR)

EDSAR is a 32-bit readable/writable register that specifies the transfer source address. An address
update function is provided that updates the register contents to the next transfer source address
each time transfer processing is performed. In single address mode, the EDSAR vaueisignored
when adevice with DACK is specified as the transfer source.

The upper 8 bits of EDSAR are reserved; they are aways read as 0 and cannot be modified. Only
0 should be written to these bits.

EDSAR can beread at all times by the CPU. When reading EDSAR for a channel on which
EXDMA transfer processing isin progress, alongword-size read must be executed. Do not write
to EDSAR for a channel on which EXDMA transfer isin progress. The initial values of EDSAR
are undefined.
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832 EXDMA Destination Address Register (EDDAR)

EDDAR is a 32-bit readable/writable register that specifies the transfer destination address. An
address update function is provided that updates the register contents to the next transfer
destination address each time transfer processing is performed. In single address mode, the
EDDAR vaueisignored when a device with DACK is specified as the transfer destination.

The upper 8 bits of EDDAR are reserved; they are always read as 0 and cannot be modified. Only
0 should be written to these bits.

EDDAR can be read at all times by the CPU. When reading EDDAR for a channel on which
EXDMA transfer processing isin progress, alongword-size read must be executed. Do not write
to EDDAR for achannel on which EXDMA transfer isin progress. Theinitial values of EDDAR
are undefined.

8.3.3 EXDMA Transfer Count Register (EDTCR)

EDTCR specifies the number of transfers. The function differs according to the transfer mode. Do
not write to EDTCR for a channel on which EXDMA transfer isin progress.

(1) Normal Transfer Mode

Bit Bit Name Initial Value R/W  Description

31t024 — AllO — Reserved
These bits are always read as 0 and cannot be
modified.

23t00 All O R/W  24-Bit Transfer Counter

These bits specify the number of transfers. Setting
H'000001 specifies one transfer. Setting H'000000
means no specification for the number of
transfers, and the transfer counter function is
halted. In this case, there is no transfer end
interrupt by the transfer counter. Setting
H'FFFFFF specifies the maximum number of
transfers, that is 16,777,215. During EXDMA
transfer, this counter shows the remaining number
of transfers.

This counter can be read at all times. When
reading EDTCR for a channel on which EXDMA
transfer processing is in progress, a longword-size
read must be executed.
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(2) Block Transfer Mode

Bit Bit Name Initial Value R/W Description

31t024 — AllO — Reserved
These bits are always read as 0 and cannot be
modified.

23to 16 Undefined R/W Block Size
These bits specify the block size (number of bytes
or number of words) for block transfer. Setting
H'01 specifies one as the block, while setting H'00
specifies the maximum block size, that is 256. The
register value always indicates the specified block
size.

15t00 Undefined R/W 16-Bit Transfer Counter

These bits specify the number of block transfers.
Setting H'0001 specifies one block transfer.
Setting H'0000 means no specification for the
number of transfers, and the transfer counter
function is halted. In this case, there is no transfer
end interrupt by the transfer counter. Setting
H'FFFF specifies the maximum number of block
transfers, that is 65,535. During EXDMA transfer,
this counter shows the remaining number of block
transfers.
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EXDMA Mode Control Register (EDMDR)

EDMDR controls EXDMAC operations.

Initial Value

Description

EXDMA Active

Enables or disables data transfer on the
corresponding channel. When this bit is set to 1,
this indicates that an EXDMA operation is in
progress.

When auto request mode is specified (by bits MDS1
and MDSO0), transfer processing begins when this
bit is set to 1. With external requests, transfer
processing begins when a transfer request is issued
after this bit has been set to 1. When this bit is
cleared to 0 during an EXDMA operation, transfer is
halted. If this bit is cleared to 0 during an EXDMA
operation in block transfer mode, transfer
processing is continued for the currently executing
one-block transfer, and the bit is cleared on
completion of the currently executing one-block
transfer.

If an external source that ends (aborts) transfer
occurs, this bit is automatically cleared to 0 and
transfer is terminated. Do not change the operating
mode, transfer method, or other parameters while
this bit is set to 1.

0: Data transfer disabled on corresponding channel

[Clearing conditions]

¢ When the specified number of transfers end

¢ When operation is halted by a repeat area
overflow interrupt

e When 0 is written to EDA while EDA =1
(In block transfer mode, write is effective after
end of one-block transfer)

¢ Reset, NMI interrupt, hardware standby mode

1: Data transfer enabled on corresponding channel

Note: The value written in the EDA bit may not be
effective immediately.
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Bit

Bit Name

Initial Value

R/W

Description

14

BEF

0

R/(W)*

Block Transfer Error Flag

Flag that indicates the occurrence of an error during
block transfer. If an NMI interrupt is generated
during block transfer, the EXDMAC immediately
terminates the EXDMA operation and sets this bit to
1. The address registers indicate the next transfer
addresses, but the data for which transfer has been
performed within the block size is lost.

0: No block transfer error

[Clearing condition]

Writing 0 to BEF after reading BEF = 1
1: Block transfer error

[Setting condition]

NMI interrupt during block transfer

13

EDRAKE

R/W

EDRAK Pin Output Enable

Enables output from the EDREQ
acknowledge/transfer processing start (EDRAK)

pin.
0: EDRAK pin output disabled

1: EDRAK pin output enabled

12

ETENDE

R/W

ETEND Pin Output Enable

Enables output from the EXDMA transfer end
(ETEND) pin.

0: ETEND pin output disabled
1: ETEND pin output enabled

11

EDREQS

RW

EDREQ Select

Specifies low level sensing or falling edge sensing
as the sampling method for the EDREQ pin used in
external request mode.

0: Low level sensing (Low level sensing is used for
the first transfer after transfer is enabled.)

1: Falling edge sensing
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Bit Bit Name Initial Value R/W Description

10 AMS 0 R/W Address Mode Select

Selects single address mode or dual address mode.
When single address mode is selected, the EDACK
pin is valid.

0: Dual address mode
1: Single address mode

MDS1 0 R/W Mode Select 1 and 0

MDSO0 0 R/W These bits specify the activation source, bus mode,
and transfer mode.

00: Auto request, cycle steal mode, normal transfer
mode

01: Auto request, burst mode, normal transfer
mode

10: External request, cycle steal mode, normal
transfer mode

11: External request, cycle steal mode, block
transfer mode

7 EDIE 0 R/W EXDMA Interrupt Enable

Enables or disables interrupt requests. When this
bit is set to 1, an interrupt is requested when the
IRF bit is set to 1. The interrupt request is cleared
by clearing this bit or the IRF bit to 0.

0: Interrupt request is not generated
1: Interrupt request is generated
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Bit

Bit Name

Initial Value

R/W

Description

6

IRF

0

R/(W)*

Interrupt Request Flag

Flag indicating that an interrupt request has
occurred and transfer has ended.

0: No interrupt request

[Clearing conditions]

e Writing 1 to the EDA bit

e Writing O to IRF after reading IRF = 1

1: Interrupt request occurrence

[Setting conditions]

e Transfer end interrupt request generated by
transfer counter

e Source address repeat area overflow interrupt
request

e Destination address repeat area overflow
interrupt request

5

TCEIE

0

R/W

Transfer Counter End Interrupt Enable

Enables or disables transfer end interrupt requests
by the transfer counter. When transfer ends
according to the transfer counter while this bit is set
to 1, the IRF bit is set to 1, indicating that an
interrupt request has occurred.

0: Transfer end interrupt requests by transfer
counter are disabled

1: Transfer end interrupt requests by transfer
counter are enabled

4

SDIR

0

RW

Single Address Direction

Specifies the data transfer direction in single
address mode. In dual address mode, the
specification by this bit is ignored.

0: Transfer direction: EDSAR — external device
with DACK

1: Transfer direction: External device with DACK—
EDDAR
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Bit Bit Name Initial Value R/W Description

3 DTSIZE 0 R/W Data Transmit Size
Specifies the size of data to be transfe